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BRIEF DESCRIPTION OF THE DRAWINGS
Subject matter is particularly pointed out and distinctly claimed in the concluding portion
of the specification. The claimed subject matter, however, both as to organization and
10  method of operation, together with objects, features, and advantages thereof, may best be
understood by reference to the following detailed description when read with the
accompanying drawings in which:
Fig. 1 is a sample table of supply voltage with respect to the temperature and clock
frequency of a processor.
15 " Fig. 2 is a schematic diagram of a computing system in accordance with one
embodiment.
Fig. 3 is a schematic diagram of a computing system in accordance with one
embodiment.

Fig. 4 is a schematic diagram of a computing system in accordance with one

20 embodiment.

Fig. 5 is a schematic diagram of a network in accordance with one embodiment.



WO 03/ 036448 PCT/ US02/ 31685 DETAILED DESCRIPTION In the following detailed
description, nunerous specific details are set forth in order to provide a
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be understood by those skilled in the art that the clained subject matter
may be practiced without these specific details. In other instances,
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operation is based on a worst-case scenario. In this 20 exanple, the supply
vol t age foraMEﬁigﬁm%-operation in the specified tenperature and cl ock
frequency range is 1.6 volts because the worst-case scenario |s 400 Mhz and
1000. Utili zi ngnagenombtdesigaws sewigaio dycsr payer eensumplian-s ubpIcply ofuPRlye,
however, linmts the choice of supply voltages because the scenario only
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A negative consequence of such an approach is higher
temperature and clock frequency. As the processor operates at a higher temperature, the
performance of the transistors for the processor may degrade and become slower.
However, a higher supply voltage may compensate for the decreased performance of the

transistors and allow them to operate faster.
15 For example, Figure 1 depicts a table illustrating an example of supply voltages for
a processor with respect to its clock frequency and temperature. The processor is designed
to operate in a temperature range, such as between -20C and approximately 100C and in a
clock frequency range between approximately 100 Mhz and approximately 400 Mhz.
Again, the supply voltage for reliable operation is based on a worst-case scenario. In this
20  example, the supply voltage for reliable operation in the specified temperature and clock
frequency range is 1.6 volts because the worst-case scenario is 400 Mhz and 100C.
Utilizing a worst-case scenario for selecting a supply voltage, however, limits the
choice of supply voltages because the scenario only considers a single or limited number
of data ‘points, such as in Figure 1. A negative consequence of such an approach is higher

25 power consumption. For example, higher power consumption may adversely affect
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these exanples. The claimed subject 20 matter may also include wireless or
wi red prigdugifage BriloWer templiratores satilofvar ¢lba fréquencissnnBiue; igwlsRenHNg? §Lors.
efficient method of adjusting the supply voltage at different temperatures and clock
frequencies is desirable.
Fig. 2 is a computing system 200 in accordance with one embodiment. System
embodiment 200 includes, but is not limited to, a processor 202, a temperature sensor 206,
15 a power controller 208, and a power source 210. Likewise, the processor may include
data, such as 204, in a memory. The system may comprise, for example, a personal
computer system, a personal digital assistant (PDA), a cellular phone, or an Internet
communication device, such as, a web tablet. Of course, these are merely examples and

the claimed subject matter is not limited in scope to these examples. The claimed subject

20 matter may also include wireless or wired products, which is discussed further in
connection with Fig. 5.

Although the scope of the claimed subject matter is not limited in this respect, it is

noted that some embodiments may further include subject matter from the following

concurrently filed applications: United States application serial number of , and

25 titled "A System and Method for Managing Data in Memory for Reducing Power
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Al though the scope of the clained subject matter is not limted in this
respect, it is noted that sonme enbodi nents may further include subject
matter frwmoslsst®l | o ng concurrently filed applicati on®CTrs02/868S5t at es
application serial nunber of , and 25 titled "A System and Method for
Managi ng Data in Menory for Reducing Power 3 WO 03/036448 PCT/ US02/ 31685

Consunpt i ONConMpfd® N8y RidHard JAVY SER0e, AEdrfyNRYkEQEkBEr PLITRSN anlalUREed and a
United States patent application serial nunber of, titled " A System and
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Tenper ature and Frequency of a Menory", by R c%ard H. Law ence, attorney
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at least a few of the associated tenperatures and clock frequencies. In
this enbodi apmicatiosy dhasrredise preseeove&regieast Wil 1gehesl Poe SERTE BRI WESt i n
part contains acceptably |ow supply voltages cal cul ated for different
t enper at ur edlsanthedilhiiredeswpport matter may adjust the supply voltage based on additional
factors, such as the type of application (military or consumer), the number of additional
processors, respective temperatures or clock frequencies, etc. For example, the system
may have a plurality of processors and the acceptably low supply voltage may be
15  individually calculated for each processor or some of the processors, or calculated based
on the average of at least a few of the associated temperatures and clock frequencies.
In this embodiment, system 200 receives a set of data 204, which at least in part
contains acceptably low supply voltages calculated for different temperatures and different
clock frequencies. The set of data may be calculated, for example, by testing a plurality
20  of systems to determine the acceptably low supply voltage for different temperatures and
different clock frequencies, although the claimed subject matter is not limited in this
respect. In one embodiment the set of data may be loaded into flash memory coupled to
the processor.

In one embodiment, a plurality of processors is tested at different temperatures and

25 clock frequencies, and a supply voltage is calculated to ensure the processor operates
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clock frequencies. The set of data may be calculated, for exanple, by
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be calculated to include other factors, as discussed earlier, such as calculating an average
temperature of a plurality of processors to produce a multi-dimensional graph, rather than
the two dimensional graph in Figure 1. Thus, any one of a number of techniques may be
employed to provide the desired data.
15 After the set of data has been determined, the system may load the data into
memory. In one embodiment, the memory comprises a flash memory. However, the
claimed subject matter is not limited in scope to a particular storage mechanism or device.
For example, the data may be loaded into volatile memory, such as dynamic random
access memory (DRAM), or static random access memory (SRAM). Also, the set of data
20  may not reside in local memory. For example, the set of data may be loaded into external
test equipment for comparison and analysis. Alternatively, the data may be loaded into the
power controller 208. Likewise, the system may receive the set of data from a network
via a wired or wireless connection.

System 200 therefore, may monitor the temperature with temperature sensor 206.

25 In one embodiment, the temperature sensor forwards the processor's sensed temperature to
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acceptably | ow supply voltage is determ ned by testin | ur I it
such as described above, for example, may determin€ an acceptagly%oxg supp?y v01¥age.

In one embodiment, the acceptably low supply voltage is determined by testing a plurality

of systems, while decreasing the supply voltage. Eventually, as the supply voltage

decreases to a certain threshold, the systems will fail the testing because of insufficient

15 supply voltage. Subsequently, the supply voltage is slowly increased until the plurality of

systems function properly and pass the testing. Thus, the acceptably low supply voltage is

calculated based on the preceding example. Of course, the claimed subject matter is not
limited in this respect.

As discussed earlier, in one embodiment the set of data may be similar to the table

20  in Figure 1. For example, from two data points and the set of data, the processor or power

controller may adjust the present supply voltage to the acceptably low supply voltage

obtained from the set of data. For example, assume power source 210 is presently

supplying 1.5 volts to the system. If temperature sensor senses, for example, a 60°C

temperature and the current processor clock frequency is measured‘ to be 400 Mhz, the

25  processor or power controller may query the set of data based at least in part on the 60°C
6
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the acceptably low supply voltage.

In one embodiment, the power controller may be integrated with the power supply
and is internal to the system. Of course, the claimed subject matter is not limited in this
respect. For example, the power controller may be coupled to an external power source.

15  Alternatively, the power controller and the power source may be external to the system.

In one embodiment, the claimed subject matter is incorporated into a
communication or wireless device and/or implemented with Intel® XScale™ micro
architecture and Intel® Personal Internet Client Architecture (Intel® PCA) and is
discussed further in Figures 3, 4, and 5.

20 - Figure 3 is a schematic diagram of a computing system in accordance with one
embodiment. The schematic represents a flexible design implementation for
communication products. In one embodiment for a single processor, logic blocks 302 and
304 represents a modular process wherein the communication processor and application

processor may be logically separated. Thus, only one communication processor may be

25 employed for a wireless protocol, and one application processor for a set of applications.
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capable of executing native binaries in the system, or from another communication

product, or from a network. Thus, the application processor is coupled to the
communication processor and is logically separated. Therefore, each processor can be
developed in parallel rather than the typical serial process.

15 In one embodiment, the communication processor and application processor may
be manufactured on a silicon wafer. However, the processors may operate independently
and may have different operating systems. In another embodiment, the communication
processor and application processor may be coupled to a common memory controller,
which in turn may be coupled to a common memaory. Alternatively, each processor may

20  integrate their respective memories. For example, processors may have memory residing
on the processor die, rather than having a separate memory. Examples of various
memories that may be integrated into each processor are flash memory, static random
access memory, and dynamic random access memory.

Although the subject matter is not limited in scope in this respect, Intel®

25  XScale™ micro architecture and Intel® Personal Internet Client Architecture (Intel®
8
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Figure 4 is a schematic diagram of a computing system in accordance with one

embodiment. The block diagram 402 illustrates an integrated implementation of an
application and communication processor. In one embodiment, block diagram 402 is
utilized in a system with multiple processors. The block diagram comprises, but is not

5 limited to, a digital signal processor (DSP), a microprocessor, and memory, peripherals, a
microprocessor, memory, and peripherals. In one aspect, Figure 4 differs from Figure 3
in that a single integrated logic processor 402 supports both the application and
communication functions. In contrast, Figure 3 is a modular design and illustrates two
processors to individually support either the communication or application functions.

20 Although the subject matter is not limited in scope in this respect, Intel®
XScale™ micro architecture and Intel® Personal Internet Client Architecture (Intel®
PCA) may support an integrated implementation as illustrated in Figure 4, Also, the
architectures may support a variety of features, such as a browser to access Internet
content and applications, a user interface for allowing interaction with content and

25  applications that include speech, graphics, video and audio. The architectures may have a
9



applications that include speech, graphics, video, and audio. The
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appl i cat iwog3/os@nsruni cations, and network code. The archipCaatsoz/asssay
allow for radio interface to transmt and receive froma wreless carrier
or service bearer. Further, the architectures may allow for system

managenent g OystAe1ARRkdeE ahd PRiRE aaessSorapsli@peratimyusiyaioemake maeiork user
applications, 'and the conmuni cations processor's real time operating

system funehiOnghe ARAitCRARES Ry WloW i i i '
_ N i y QoW &b radi infafpk® & trafnic andr esive fremct ai med
subject matter is not limted in this respect. Figure 4 is a schenatiL

di agram of & GAMRULIeNG: SEREGTHE i @b
. T el or i aferACEQEIRANGE atHilectorRe m elv fentystéiine bl ock
di agram 402ﬂleﬁgust rates an integrated inplenentation of an appl ?cati on g(r:ld

conmuni cat '&J}mg{]&&ﬁﬁﬁ :a{ézl a‘gbﬁbaﬂ&?pl‘%@ﬁ'ﬁs gﬁé‘fﬁtingh&bﬁ&{i keinalg n@fnpgplidations, audi | i zed
e

in a systemw processors. bl ock di agram conprises, but is
not 15 Iimifed to, .a.dobialestgnatime BaassosystRSRhcions, The copemoedsnr , and
Fs, a

menory, ‘periphera croprocessor, nenory, and peripherals. In one

aspect, Fi %%%gépg'%g; fugsggtg{a hﬁ{;ﬁ}]eisg%%ﬁ% maiterd 9 ndtHRlited iSihgbgedtnt egrated | ogic

processor ication and comunication functions.

[0 contrast, Fl e 3 id ORI AR by Bdn blAHBREABRolotnboRnResSOr

to individually e comuni catlon or application functions.

5, U S ST AR e g

Intel (r) ure an ntel (r) Personal Internet Cient

Inte i . .
1 Tust rat eck e gt modgebsna RER oy A B EROFREuc TRICHERIEMIAZ, T8

ures pport a variety of

features, such as a browser to access . | nternet i i

user i ntier fdeseritiedrn KiguenidmgditnPay ec{n?%?{n%?etdrfn Ci Sﬁfugsﬁio%ﬁ]ugﬁg@o " g{i‘%"g*‘g"%s: 82:1 :
t hat include speech, graphics, vide i i

a 9 WO 03/ antggggfpg f@g@)le, t}?e (?E)rll‘lgml,%llil(galtigﬁ pl-“l(_) Sctg' rm%g/"iltlc l?dte,u 6&%8 H&y have

limited to, Internet tablets, cellular phones, personal digital assistants, pagers, and personal
organizers. Also, the communication products may receive information via a wired or
wireless connection.

15 Of course, the claimed subject matter is not limited in this respect. For example,
one skilled in the art will appreciate the claimed subject matter may also include systems
that provide low power consumption and use batteries as a power source. Alternatively,
the claimed subject matter may also include a system or boards that employ thermal
dissipation. One example includes a rack-mount of servers with multiple boards plugged

20 into rack-mounted enclosures. The boards are closely spaced and may consume large
amounts of power. Therefore, the claimed subject matter may improve the thermal
dissipation by reducing the power consumption.

Although the claimed subject matter has been described with reference to specific
embodiments, this description is not meant to be construed in 2 limiting sense. Various

25 modifications of the disclosed embodiment, as well as alternative embodiments of the
10



file systemto nmanage and protect access to applications, comunications,
and network code. The architectures nay allow for radio interface to
transmt wod3saes ve froma wreless carrier or service peareso2/368st her,
the architectures may allow for system nmanagenent for the application
processor's operating system kernel, user applications, and 5 the

comuni cat tRRgedNuBRESHAter,Swill@Rtorhd HipaRpeiodiersogs skiltddeimttielart tpannsfereand
content or data payload. O course, the clained subject matter i s not

limited ing hieSucs@pRES bf tHel @imed Sutijdet Mekeh enBidoftesiphgdatertors thetsolik in
accordance wth one enbodinent. |In one enbodi ment, the previously

descri bed SySiRMESRI cah SUGLROWRRNMR defRTis B 88 spfit drisgeteCof2tharnthimbe
nodul ar i npl enentation for conmmunication products and architectures 10

descri bed gmﬁgﬁgﬂﬁggﬁgmﬁﬂgjﬁﬂgay%gﬁajaghgnented in various comunication
products as epicted 1n Figure 5. For exanple, the comunication products
may include, but is not limted to, Internet tablets, cellular phones,
personal” digital assistants, pagers, and personal organizers. Al so, the
comuni cati on products nmay receive information via a wired or wreless
connection. 15 O course, the clained subject matter is not [imted in this
respect. For exanple, one skilled in the art wll appreciate the clained
subject matter may al so i nclude systens that provide | ow power consunption
and use batteries as a power source. Alternatively, the clainmed subject
matter may al so include a system or boards that enploy thermnal

di ssipation. One exanple includes a rack-nount of servers with nmultiple
boards plugged 20 into rack-nmounted encl osures. The boards are closely
spaced and may consune | arge amounts of power. Therefore, the clained
subject matter may inprove the thermal dissipation by reducing the power
consunption. Al though the clainmed subject matter has been described with
reference to specific enbodinents, this description is not neant to be
construed in a limting sense. Various
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25 nodi fications of the disclosed enbodi mrent, as well as alternative

enbodi nents of the 10 WO 03/036448 PCT/ US02/ 31685 cl ai ned subject matter,
wi |l becowe iappament to persons skilled in the art upon reCaneozeless o t he
description of the clained subject matter. It is contenpl ated, therefore,
that such nodifications can be nade wi thout departing fromthe spirit or
scope of the clained subject matteciggmdefi ned in the appended clains. 5
11 WO 03/036448 PCT/ US02/31685 CLAIMS 1 A system conprising: a processor
wi th an adjustable supply voltage; at |east one tenperature sensor, coupled
to the processor to sense a tenperature of 5 the processor; the systemto
adj ust the process@kiteth uippkingVol t age to an acceptably | ow supply voltage
based at least in part on the processor's sensed tenperature and a sensed

clock frequency qfp r(ggg@sop{;vgﬁgls%ﬁstamp?{ fsd; memory to store a plurality
of the acceptably | ow supp y voltages for the 10 processor based at | east

in part on the pr 9f‘e§§t%9£ tefhpeBRPESnr Aokpitd ﬁ;%@ﬁ&%&’es?d?@o (D& 2 BLPGSRHROF S
sensed tenperature 2. The s)ystem of claim1 wherein the systemis coupl ed

to a powey sour C‘%hé&B@e%o@,t ed with a power controller. 15

the system to adjust the processor's supply voltage to an acceptably low supply

voltage based at least in part on the processor's sensed temperature and a sensed

clock frequency of the processor; and

a flash memory to store a plurality of the acceptably low supply voltages for the
10 processor based at least in part on the processor's sensed clock frequency and the

processor's sensed temperature

2. The system of claim 1 wherein the system is coupled to a power source integrated
with a power controller.

15

15 3. The system of claim 1 wherein the temperature sensor is integrated with the
processor.
4. The system of claim 1 wherein the temperature sensor is attached to a ceramic

package of the processor.

5. The system of claim 1 wherein the temperature sensor is located within zero to seven
20 centimeters
of the processor.

12



15 3. The systemof claim 1l wherein the tenperature sensor is integrated
with the processor. 4. The systemof claim1l wherein the tenperature
sensor iswetwmsdiagsl to a ceram c package of the processor PCF/USIhBI68Y St em of
claiml1 wherein the tenperature sensor is |located within zero to seven 20
centinmeters of the processor. 12 WD 03/036448 PCT/ US02/ 31685 6. The system
of claim1l wher eiThetshatemy$tiein tohpeindhssyateml comptises atlenst o ¢farppanadl di git al
assistant, a cell phone, an Internet tablet, or a personal conputer. 7. An
article conpri si nfigitahasisting@eelhpithne,anl 1A megalSiED 6elbekdoaiieompitast r uct i ons,
that, when executed by a 5 conputing platform result in execution of
adjusting a supply voltage to a systenis processor by: sensing the system
processor's tenperature; storing a plurality of acceptably |ow supply

vol t ages based7.atah &6k coMpRéasd: on the processor's sensed tenperature and
the processor's sensed clock frequency; and 10 generating a conmand to

adj ust the systery §or§éﬁlﬂéd&mﬁ‘hb¢iﬁ?§oﬂe@ HRRRE st IRIRS, Yhd,RhendE&OREADLY | oW
supply voltage. 8. The article of claim?7, wherein said storing the

pluralitysof accephpitivg piaMoratRBAYin K8dutiBHEEd 4 §PlyWolthded a siiem'
acceptably | ow supgl%y 1vgb‘il)t agle to amfel asuh1 mm%gﬁ%.ﬁl‘?ﬁg ar tél‘ecl g %s?encl:? aim7,

wherein sai d genefgligpa comand conprises transmtting 15 the conmand
fromthe system processor to a power source.

sensing the system processor's temperature;,

storing a plurality of acceptably low supply voltages based at least in part on the

processor's sensed temperature and the processor's sensed clock frequency; and
10 generating a command to adjust the system's supply voltage to approximately the

acceptably low supply voltage.

8. The article of claim 7, wherein said storing the plurality of acceptably low supply

voltages comprises writing the acceptably low supply voltage to a flash memory.

9. The article of claim 7, wherein said generating a command comprises transmitting

15 the command from the system processor to a power source.

10.  The article of claim 7, wherein said generating a command comprises transmitting

the command from a power controller to a power source.

11.  The article of claim 7, wherein the system comprises at least one of a personal
digital assistant, a cell phone, an Internet tablet, or a personal computer.

20
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10. The article of claim7, wherein said generating a conmand conpri ses
transmtting the conmand froma power controller to a power source. 11.
The articWwe oofosak@i m 7, wherein the system conprises at | eagtusonziess a
personal digital assistant, a cell phone, an Internet tablet, or a
personal conputer. 20 13 WO 03/036448 PCT/ US02/ 31685 12. A nethod of
adjusting a voltage |level to a processor conprising: sensing a tenperature
and a clock frequency of the processor; conparing the processor's sensed

t emper at ur e 1@nd tAheethodobsiiGtinga colagkleh¢lequ procsssorzomprising:abl e of data of an
acceptably I ow voltage level for a plurality of processor's sensed

t enper at ur es and satsogessaperstueans edlock Heduchdyarfuingo®ssor;and adj usting the
voltage | evel of the processor to the acceptably | ow voltage | evel based
at least in part compiri the HOESSHE séhsEBB S alRMAE HRINERs R Ib e dAuOReSSOr ' S
sensed cl ock frequenc 10 10 13. The nethod of claim 12 further conprising

storing the tabl g @fab@aifdatedf @n ddcaibly RN RINge 18¢b1 fFRSIUFBLDOF pRfcehA M 12
wherein adjusting the voltage | evel conprises generating a set voltage

command. 15. The seRbdRehpefanedsandphitedbi8lseishd A8aekafubigest 4 set vol tage
command conprises 15 transmtting the set voltage command to a power
source. 14 adjusting the voltage level of the processor to the acceptably low voltage level
based at least in part on the processor's sensed temperature and the processor's
sensed clock frequenc
10

10 13.  The method of claim 12 further comprising storing the table of data in a flash

memory.

14. The method of claim 12 wherein adjusting the voltage level comprises generating a

set voltage command.

15.  The method of claim 14 wherein generating the set voltage command comprises

15  transmitting the set voltage command to a power source.

14



