DYNAM C CLOCK FREQUENCY ADJUSTMENT BASED ON PROCESSOR
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for reduci ng power consunption in conmputing devices.

BACKGROUND [0002] The need for | ow power consunption

in conmputing devices has |ncreased Wi th the increase
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voltage.

[0004] One existing approach to reducing power consumption in a computing devices
requires applications to inform the operating system of their frequency requirements. In
this case, each applications must be aware of its exact performance requirements as well
as the clock speeds available on the associated processor. Consequently, application
developers are required to have intimate knowledge of the processor usage pattern for

each of the applications. However, this approach does not account for the combined

processor demands of multiple applications running simultaneously.
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clock frequency to the processor as a function of the load of the processor.

[0010] In an added embodiment, the disclosure provides a computer-readable medium
comprising instructions to cause a processor to perform sample interrupts to determine a
status of a processor at particular times, determine a load of the processor based on the
sample interrupts, and generate an adjustment to a clock frequency to the processor as a
function of the load of the processor.

[0011] The details of one or more embodiments of the disclosure are set forth in the

accompanying drawings and the description below. Other features, objects, and
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[0012] FIG 1 is a block diaggamillustrating a

W rel ess communi cati on device that dynam cally adjusts

a clock frequency based on a current |oad of a CPU.
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woul d benefit from gpwp qg@g@ﬁi gyﬁures. [0019]
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applied to other wireless or wired computing devices that would benefit from power
management features.

[0019] As shown in FIG. 1, wireless device 10 includes a modem 14, a clock generator
16, a transceiver 18, an antenna 20 and a user interface 22. Antenna 20 receive and
transmits wireless between wireless communication device 10 and a wireless
communication network. Although FIG. 1 depicts the use of a single antenna 20,
wireless communication device 10 may include more than one antenna. For example,
wireless communication device 10 may include one antenna for receiving signals and

another antenna for transmitting signals. Alternatively, or in addition, wireless



di versity. [0020] Transceiver 18 includes transmt
circuitry (Tx) 24 and receive circuitry (Rx) 26.
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[0023] CPU monitoring module 28 monitors the load of CPU 12 using sample
interrupts. As an example, CPU monitoring module 28 may periodically perform
sample interrupts to determine the load of CPU 12. CPU monitoring module 28 stores
the data gathered during each of the sample interrupts in a CPU profile that represents
the load on CPU 12. CPU monitoring module 28 may store the CPU profile in memory
32.

[0024] Clock adjustment module 30 uses the CPU profile to determine whether to
adjust the frequency of clock generator 16. In particular, clock adjustment module 30
analyzes the information in the CPU profile to determine whether the load on CPU 12 is



adj ust the frequency of clock generator 16. In
particul ar, clock adjustnent nodul e 30 anal yzes the
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of software, hardware, or firmware. CPU monitoring module 28 may take the form of a
dedicated hardware component independent of CPU 12, or may be a programmable
function of CPU 12. Similarly, clock adjustment module 30 may be formed by an
independent hardware component, or as a programmable function of CPU 12. For
example, modem 14 may include one or more processors that execute software
instructions to provide the functionality of CPU monitoring module 28 or clock

adjustment module 30.
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[0032] The sample interrupts may be performed periodically, e.g., every five
milliseconds. Sampling module 40 adds the information collected via the interrupt
samples to CPU profile data structure 42. Thus, CPU profile data structure 42 includes
information collected from a number of sample interrupts over a period of time.

[0033] CPU profile data structure 42 represents an estimation of the load on CPU 12.
In one embodiment, CPU profile data structure 42 maintains information collected
during the most recent sample interrupts. For example, CPU profile data structure 42

may include information from the last » sample interrupts. Thus, when information



[0033] CPU profile data structure 42 represents an

estimation of the load on CPU 12. In one enbodi nent,
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particular sample interrupt. In this manner, it is possible to determine a relative
proportion of active mode cycles to sleep mode cycles over a sampling period to
provide a metric of processing load.

[0038] Clock adjustment module 30 applies adjustment algorithm 44 to determine
whether the frequency of clock generator 16 should be adjusted based on the number of
samples that indicate that CPU 12 is in an active state, i.e., not in the “sleep” mode.

Adjustment algorithm 44 may determine that the frequency of clock generator 16 must



provide a netric of processing |oad. [0038] d ock
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respective process ID of the running process as the interrupt occurs. With this

information, sampling module 40 identifies the active applications running on CPU 12.
[0043] For example, sampling module 40 may identify from one of the sample
interrupts that a voice application and a data application are both running on CPU 12.
Thus, instead of simply identifying whether the CPU 12 is in sleep mode or in the active
state, sampling module 40 may identify particular applications 34 using CPU 12.
Sampling module 40 stores this information in CPU profile data structure 42. In this



information, sanpling nodule 40 identifies the active
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fob! ¥8f example, frequency dividers 56 and 57 can respectively scale a reference

frequency 64, e.g., a frequency provided by a crystal oscillator or an external clock
source, and the VCO frequency, so that phase detector 58 can determine the frequency
difference between the two frequencies. Charge pump 60 can then adjust the input
voltage to VCO 50 as needed, to either increase or decrease the oscillator frequency.
Loop filter 62 may perform filtering of the input signals to VCO 50 in order to improve

performance of clock generator 16A and possibly reduce noise in the system.



62. For exanple, frequency dividers 56 and 57 can
respectively scale a reference frequency 64, e.g., a
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external clock source, and the VCO frequency, so that
phase detector 58 can deternipg the frequency
di fference between the two frequencies. Charge punp 60
can then adjust the input voltage to VCO 50 as needed,
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catlng the need to decrease the frequency of clock

J6651 3h Séme embodiments, however, frequency controller 54 may be configured to

not allow the clock frequency to exceed a maximum value, e.g., 2.4 GHz. For example,
frequency controller 54 may incrementally increase the frequency by doubling an
integer value of frequency divider 57 until another adjustment signal is received or a
maximum frequency is reached. Likewise, the frequency may be incrementally
decreased when the adjustment signal from clock adjustment module 30 indicates the
need to decrease the clock frequency. In some embodiments, however, the clock

frequency may be increased or decreased immediately to a particular clock frequency.



16A. [0051] In sonme enbodi nents, however, frequency
controller 54 may be configured to not allow the clock
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Frequency manipulation circuitry 74 may include one or more dividers and one or more

multipliers. Frequency controller 72 may select, for example, which of the dividers and
multipliers are applied to the signal from VCO 54. In this manner, frequency controller
72 may control the frequency output by clock generator 16B using frequency
manipulation circuitry 74. For instance, frequency controller 72 may receive an
adjustment signal indicating the need to increase the frequency of clock generator 16B
and select a multiplier to apply to the signal from VCO 50 to increase the output
frequency of clock generator 16B. Frequency controller 72 may further adjust the



of adjusting paranmeters to manipulate the input to the

VCO. [0056] In particular, frequency controller 72
wW@eoast@4d r equency mani pul ation circuitry 74 i PCDUS®D5/030933

to generate different frequencies fromthe signal
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structure, such as CPU profile data structure 42 of
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recent” sanple interrupts hi particu
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cycles. [0059] d ock ust ment nodul e 30 uses the

clotk ndjustment siodule éoumaytcvéermm thatahe pleck freguency need to be
increased if the load of CPU 12 is high and the current frequency of clock generator 16

is low. In one embodiment, clock adjustment module 30 determine the load on CPU 12
is high when the number of samples indicating that CPU 12 is in the active state exceeds
a threshold, as described in detail above.

[0060] Clock adjustment module 30 sends an adjustment signal to clock generator 16 if
an adjustment of the frequency of clock generator 16 is needed (86). Again, the
adjustment may be an upward or downward adjustment. Clock generator 16 may
include a frequency controller that adjusts the output frequency of clock generator 16

(88). The frequency controller may adjust the output frequency of clock generator 16,



Sstructure to determ ne whether or not to adjust the
frequency of clock generator 16 (84). C ock adjustnent
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profile data structure to determ ne whether the | oad
on CPU 12 is "high" or "low "jsFor exanple, clock
adj ustment nodul e 30 may determ ne that the clock
frequency need to be increased if the |oad of CPU 12
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Hofeow diagram il lustrating exenplary operation of a
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indicating that CPU 12 is in the active state reaches 80% of the total samples.

[0064] If the CPU profile data structure maintains twenty samples, for instance, clock
adjustment module 30 determines the frequency of clock generator 16 needs to be
increased when sixteen or more of the twenty samples indicate that CPU 12 is in the
active state. The exact number of samples and relative thresholds described herein are
purely for purposes of illustration, and should not be considered limiting. Clock
generator 16 adjusts the frequency accordingly in response to the adjustment signal (98).
Although not illustrated in FIG. 6, the upward clock adjustment may be qualified by the



[0063] d ock adjustnment nodul e 30 determ nes whet her
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active state exceeds a threshgld, clock adjustnent
nodul e 30 sends an adj ustnent signal to clock
generator 16 indicating the need to increase the
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example, the computer readable medium may comprise random access memory (RAM),

read-only memory (ROM), non-volatile random access memory (NVRAM), electrically
erasable programmable read-only memory (EEPROM), flash memory, or the like.
[0068] Various embodiments have been described. The techniques described herein are
not limited to wireless communication devices. The techniques may be applied to any
wired or wireless device in which power conservation techniques would be
advantageous. These and other embodiments are within the scope of the following

claims.
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m croprocessor, digital signal processor (DSP), an
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field programmabl e gate array (FPGA), a programrabl e

| ogi c device, specifically degj gned hardware

conponents, or any conbination thereof. In addition,

one or nore of the techni ques described herein may be

partléihﬁhgg whol |y executed in software. In that

case, a conputer readable nmediummy store or

ot herwi se conprise conputer-readabl e instructions,
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the scope of the follow ng clains. CLAIMS: 1. A device
conprising: a nonitoring nodule that performs sanple
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The device of claim2, wherein the clock adjustnent

nodul e determn nes the | oad of the rocessor to be %ﬁedodg
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frequency.

5. The device of claim 1, wherein:

the monitoring module determines whether the processor is in an active state or a
sleep state based on the sample interrupts; and

the clock adjustment module generates the clock adjustment to increase the
clock frequency when a number of the sample interrupts indicating that the processor is

in an active state exceeds a threshold value.

6. The device of claim 1, wherein:
the monitoring module determines the processor is in an active state or a sleep

state based on the sample interrupts; and



adj ust ment when the | oad of the processor exceeds a
threshol d val ue, the frequency controller being
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processor clock frequency. 5. The device of claim1,
wherei n: the nonitoring nodul g determ nes whether the
processor is in an active state or a sleep state based
on the sanple interrupts; and the cl ock adjustnment
nmodul YRR B[ ndnR Sroeh RPenadicd M @Ok ddPustmedta8 $&iukbd e clock
cl ock frequency when a nunber of the sanple interrupts
fraglienay when & hambethes the saree tnterrupts indipating thiat/de pregegsor is in an
gﬁceeﬁai a.threshol gl iﬁﬁ‘l’ le. 6. The device of claiml,
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on the sanple interrupts; andthe cl ock adjustnent
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bel ow a threshold value. 7. The device of claiml1,

wherei n the nonitoring mydul e perfornms sanpl e ..
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periepated the vhck adjustneeat to afjust e cold frasaenoyrimsedomibegriorities

t he processor, and the clock adjustnment nodul e

gistemred fothe@pplicatigh% adj ust ment to adj ust the cl ock

frequency based on the priorities assigned to the

applications. 9. The device of claim1, wherein the
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cl ock adjustnent nodule retrieves data fromthe | oad
rofile data structure to determ ne the |load. 11, The
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wherein the frequency controller reconfigures the

frequency divider of a phase-locked | oop in order to
ddal e ThRHCHse of dlaimpl.oreen thegledcaiusiaentmeiils gengralss the clock

haGaRACH igggﬁgﬁ%gy alifiS: 1t e %@g@dg@gcy. 13. The

Ice o erein the uency controller
sel ectively applies one

12.  The device of claim 1, wherein the frequency controller reconfigures the
frequency divider of a phase-locked loop in order to scale one of a reference frequency

and an oscillator frequency to adjust the clock frequency.

13.  The device of claim 1, wherein the frequency controller selectively applies one

of a multiplier and a divider to an output of an oscillator to adjust the clock frequency.

14.  The device of claim 1, further comprising a phase-locked loop that includes a

first frequency divider to scale a reference frequency and a second frequency divider to
scale a frequency output by an oscillator, wherein the frequency controller reconfigures
at least one of the first and second frequency dividers of the phase-locked loop to adjust

the clock frequency.



of a multiplier and a divider to an output of an
oscillator to adjust the clock frequency. 14. The
walewsozeoad claiml, further conprising a phaseP¢DUR®AS/030933
| oop that includes a first frequency divider to scale
a reference frequency and a second frequency divider
to scale a frequency output by an oscillator, wherein
the frequency controller reconfigures at | east one of
the first and second frequency dividers of the
phase-1 ocked | oop to adjust the clock frequency. 15.
The d&he deviod ofodlaion, Tyrthiarcomerising fisguericy gnantmdaimnejrcuitry that
mani pul ation circuitry that.includes at |east.one.of a.
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cl ock frequency. 16. The device of claim1, wherein
the device is a wreless comunication device. 17. A
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deternmine a status of a processor at particular tines;
determining a | oad of the processor based on the

npl g | and adjusting a clock frequency to
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a nunber of the sanple interrupts that indicate that
PHESSPbcessor is in the active state exceeds a
t hreshol d val ue. 20. The nmethod of claim 19, further
conpri sing increasing the clock frequency when the
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state or a sleep state based on the sanple interrupts;

and increasing the clock freguency when a gynber of
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20.  The method of claim 19, further comprising increasing the clock frequency

when the load of the processor exceeds a threshold value.

21.  The method of claim 17, further comprising:

determining whether the processor is in an active state or a sleep state based on
the sample interrupts; and

increasing the clock frequency when a number of the sample interrupts

indicating that the processor is in an active state exceeds a threshold value.

22.  The method of claim 17, further comprising:



the sanple interrupts; and reducing the clock
frequency when a nunber of the sanple interrupts
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wherein perform ng sanple intjgrrupts conprises
performng sanple interrupts to identify one or nore
applications currently running on the processor. 24.
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met hod of claim 17, further conprising: sending an
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adj usting the clock frequency conprises selectively
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to cause a processor to: performsanple interrupts to
determine a status of a processor at particular tines;
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27.  The method of claim 17, wherein adjusting the clock frequency as a function of

the load of the processor comprises incrementally adjusting the clock frequency.

28.  The method of claim 17, further comprising:

sending an adjustment signal to a clock generator to adjust the clock frequency;
and

adjusting the clock frequency in response to the adjustment signal.
29.  The method of claim 17, wherein adjusting the clock frequency comprises
reconfiguring a frequency divider of a phase-locked loop in order to scale one of a

reference frequency and an oscillator frequency to adjust the clock frequency.



| oad of the processor. 32. The conputer-readabl e

medi um of claim 31, wherein the instructions cause the
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active state or a sleep state based on the sanple

interrupts. 33. The conputer-ygeadabl e nedi um of claim

32, wherein the instructions cause the processor to

deternmine the | oad of the processor to be high when a
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or a sleep state based on the sanple interrupts, and

generate a clock adjustnent to increase the clock

Bt.equémomnuterrreadablemedivmfconpaisivg Apstaictipnsdp cagies processor to:
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active state is below a threshold val ue.

32.  The computer-readable medium of claim 31, wherein the instructions cause the
processor to determine whether the processor is in an active state or a sleep state based

on the sample interrupts.

33.  The computer-readable medium of claim 32, wherein the instructions cause the
processor to determine the load of the processor to be high when a number of the
sample interrupts that indicate that the processor is in the active state exceeds a
threshold value.

34.  The computer-readable medium of claim 31, wherein the instructions cause the
processor to determine whether the processor is in an active state or a sleep state based
on the sample interrupts, and generate a clock adjustment to increase the clock

frequency when a number of the sample interrupts indicating that the processor is in an

active state exceeds a threshold value.

35.  The computer-readable medium of claim 31, wherein the instructions cause the
processor to determining whether the processor is in an active state or a sleep state
based on the sample interrupts, and generate a clock adjustment to reduce the clock
frequency when a number of the sample interrupts indicating that the processor is in an

active state is below a threshold value.



