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DYNAMIC PROCESSOR CORE FREQUENCY 
ADJUSTMENT 

BACKGROUND 
[ 0001 ] It is becoming increasingly important to manage 
power consumption in integrated circuits ( ICs ) , such as 
computer system processors ( e.g. , CPUs ) and various types 
of system - on - a - chip ( SOC ) ICs . In addition to power con 
sumption , performance is also considered in designing com 
puters and other types of processor - based electronic sys 
tems . However , a higher performance tends to result in a 
higher power consumption . Conversely , limiting the amount 
of power consumed can limit the potential performance of a 
processor - based electronic system . Achieving the maximum 
performance per unit of power consumed is a key consid 
eration in the system design . 

to run the processor cores at the highest frequency possible . 
On the other hand , there can be limiting factors , which 
prevent the processor cores from running at constant maxi 
mum frequency . Some limiting factors that prevent cores 
from always running at the maximum frequency can include 
temperature and IR ( current - resistor ) voltage drop . In vari 
ous embodiments , the frequency can be controlled dynami 
cally ; when system conditions allow running at higher 
frequency , the clock frequency can be boosted . When the 
system becomes loaded , the frequency can be reduced . 
[ 0014 ] In some embodiments , processor clock frequency 
management can include two mechanisms to control the 
operating clock frequency . A clock frequency management 
unit will enforce hard limitations on maximum frequency ( e . 
g . , dictated by IR drop ) as a function of a number of active 
cores . In addition , the clock frequency management unit can 
perform the actual power up / down of the cores . In this way , 
frequency can be reduced before powering up additional 
cores . A thermal monitor unit , either built into the integrated 
circuit or running on an external chip , can handle the 
temperature - related frequency adjustment , based on various 
inputs , such as current temperature , activity of cores and 
other units on the chip . Both mechanisms can work in 
parallel and the minimum frequency will be used in this 

BRIEF DESCRIPTION OF THE DRAWINGS 

case . 

[ 0002 ] Various embodiments in accordance with the pres 
ent disclosure will be described with reference to the draw 
ings , in which : 
[ 0003 ] FIG . 1 is a block diagram illustrating an integrated 
circuit , according to certain aspects of the disclosure ; 
[ 0004 ] FIG . 2 is a block diagram illustrating a clock 
management unit , according to certain aspects of the dis 
closure ; 
[ 0005 ] FIG . 3 is a block diagram illustrating a portion of 
an integrated circuit , according to certain aspects of the 
disclosure ; 
[ 0006 ] FIG . 4 is a block diagram illustrating a portion of 
an integrated circuit , according to certain aspects of the 
disclosure ; 
[ 0007 ] FIG . 5 is a flowchart illustrating a method for clock 
frequency control in a multi - core integrated circuit , accord 
ing to certain aspects of the disclosure ; 
[ 0008 ] FIG . 6 is a block diagram illustrating a clock 
management unit 600 for clock frequency control in a 
multi - core integrated circuit according to certain aspects of 
the disclosure ; 
[ 0009 ] FIG . 7 is a flowchart illustrating a method for 
selecting an operating clock frequency based on activity 
levels for a multi - core integrated circuit , according to certain 
aspects of the disclosure ; 
[ 0010 ] FIG . 8 is a flowchart illustrating a method for 
selecting operating clock frequency based on thermal con 
ditions for a multi - core integrated circuit , according to 
certain aspects of the disclosure ; and 
[ 0011 ] FIG . 9 illustrates an example of a computer device , 
according to certain aspects of the disclosure . 

[ 0015 ] In some embodiments , the integrated circuit can 
have independent clock trees per quarter , so that the decision 
which cores run at nominal frequency and which cores run 
at selected accelerated frequencies can be done per quarter . 
[ 0016 ] FIG . 1 is a block diagram illustrating an integrated 
circuit , according to certain aspects of the disclosure . FIG . 
1 shows an integrated circuit ( IC ) 100 , which can be a 
system - on - a - chip ( SOC ) , a CPU , or another type of inte 
grated circuit . In the example of FIG . 1 , integrated circuit 
100 includes a number of processor cores 105 ( which in 
some embodiments are CPU cores ) , also designated as 
processor Core # 1 , processor Core # 2 , processor Core #N , 
and so forth . Each processor core 105 is coupled to a 
communication channel 110 in the embodiment shown . 
Communication channel 110 may provide a wide variety of 
interface functions for each of processor cores 105 , includ 
ing interfaces to memory and to various peripherals . 
[ 0017 ] In the example of FIG . 1 , integrated circuit 100 
may include a processing logic 120 , a management module 
121 , a configuration module 123 , a memory 125 , a bus 
interface module 127 , and a network interface module 129 . 
These modules may be hardware modules , software mod 
ules , or a combination of hardware and software . The 
integrated circuit 100 may include additional modules , not 
illustrated here . One or more of the modules may be in 
communication with each other over communication chan 
nel 110. The communication channel 110 may include one or 
more busses , meshes , matrices , fabrics , a combination of 
these communication channels , or some other suitable com 
munication channel More details about these components 
are described below in connection with FIG . 9 . 
[ 0018 ] In various embodiments , the number of processor 
cores 105 may be as few as two , or may be as many as 
feasible for implementation on an IC die . In multi - core 
embodiments , processor cores 105 may be identical to each 
other , or one or more processor cores 105 may be different 
from others . Processor cores 105 may each include one or 
more execution modules , cache memories , schedulers , 
branch prediction circuits , etc. 

DETAILED DESCRIPTION 

[ 0012 ] In the following description , various embodiments 
will be described . For purposes of explanation , specific 
configurations and details are set forth in order to provide a 
thorough understanding of the embodiments . However , it 
will also be apparent to one skilled in the art that the 
embodiments may be practiced without the specific details . 
Furthermore , well - known features may be omitted or sim 
plified in order not to obscure the embodiment being 
described . 
[ 0013 ] Techniques described herein include mechanisms 
that manage clock frequencies of microprocessors ( e.g. , 
CPUs , SoCs ) . For highest performance , it is often desirable 
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various processor cores 105 as shown in FIG . 1. In various 
implementations , activity monitor 210 is configured to store 
and analyze information related to the recent activity levels 
for each of the processor cores 105 , and may also store 
information related to the history of activity . For example , 
activity monitor 210 can receive a signal from each proces 
sor core that indicates whether that processor core is active , 
the activities during a certain time window , and the current 
being consumed by the processor core . The activity monitor 
210 can also determine a weight that is based on the activity 
level of the processor core . More generally , activity monitor 
210 may be coupled to receive activity indications from 
various different types of functional modules implemented 
on integrated circuit 100. For example , activity monitor 210 
may receive information about power consumption or cur 
rent flow in the functional modules other than the processor 
cores . 

[ 0019 ] Integrated circuit 100 also includes a clock man 
agement unit 130 that is configured to manage the clock 
frequency of each of processor cores 105. Integrated circuit 
100 also includes a clock generator module 140 , coupled to 
the clock management unit 130 , which provides a plurality 
of clock frequencies . In some implementations , the clock 
generator module 140 is configured to provide a plurality of 
clock frequencies between a pre - determined minimum 
allowable operating clock frequency and a pre - determined 
maximum clock operating frequency . 
[ 0020 ] The clock management functions performed by 
clock management unit 130 may include varying the clock 
frequencies based at least in part on the activity level of 
processor cores 105. The clock management unit 130 may 
vary the clock frequency for each processor core to improve 
the performance . For example , clock management unit 130 
may increase the frequency of a clock signal provided to a 
processor core 105 . 
[ 0021 ] In some implementations , the clock management 
unit 130 is configured to operate all the processor cores at 
the minimum allowable operating clock frequency . During 
operation , the clock management unit 130 determines a total 
number of active processor cores . Upon determining that the 
total number of active processor cores is lower than a 
threshold number , the clock management unit 130 increases 
the clock frequency of active processor cores to improve the 
performance , based on the total number of active processor 
cores . In other implementations , the clock management unit 
130 can also increase the clock frequency of active proces 
sor cores to improve the performance , based on the thermal 
conditions of the integrated circuit . The functions of the 
clock management unit 130 are described in more detail 
below . 
[ 0022 ] In various implementations , clock management 
unit 130 may track activities of the processor cores over a 
period of time . The activities can include total number of 
instructions executed , high - power instruction , etc. 
[ 0023 ] In the embodiment shown , integrated circuit 100 
can also include voltage regulator 150. In other implemen 
tations , voltage regulator 150 may be implemented sepa 
rately from integrated circuit 100. Voltage regulator 150 may 
provide a supply voltage to each of processor cores 105. In 
some implementations , voltage regulator 150 may provide a 
supply voltage that is variable according to a particular 
operating point . For example the voltage can be increased 
for greater performance , and decreased for greater power 
savings . 
[ 0024 ] FIG . 2 is a block diagram illustrating clock man 
agement unit 200 , according to certain aspects of the dis 
closure . Clock management unit 200 is one possible imple 
mentation of the clock management unit 130 in FIG . 1. In 
the example , clock management unit 200 includes an activ 
ity monitor 210 , a thermal monitor 220 , a control unit 230 , 
and a frequency control module 240. Clock management 
unit 200 can also include various registers 250 to facilitate 
configuration and control functions . In some embodiments , 
the control unit 230 can be implemented in hardware , e . g . , 
calculation unit , arbiter unit to handle requests from the 
processor cores , etc. In some embodiments , some of the 
functions can also be implemented in software . A more 
detailed example of clock management unit 200 is described 
below with reference to FIGS . 6-8 . 
[ 0025 ] The activity monitor 210 is coupled to the proces 
sor cores 105 to receive indications of activities from 

[ 0026 ] The thermal monitor 220 is coupled to the proces 
sor cores 105 to receive and store indications of thermal 
conditions from various processor cores 105 as shown in 
FIG . 1. For example , the thermal monitor 210 can receive 
signals from temperature sensors placed near the processor 
cores that indicate the temperature of the processor cores . In 
some embodiments , the thermal monitor function may be 
performed by a controller external to the integrated circuit . 
For example , an external thermal monitor 221 is shown in 
broken lines in FIG . 2 , which may communicate with the 
clock management unit 200 through an interface circuit , 
such as a PCI ( Peripheral Component Interconnect ) inter 
face . 
[ 0027 ] Clock management unit 200 in this example also 
includes a frequency control module 240. Frequency control 
module 240 is configured to receive instruction signals from 
the control unit 230 , and to generate clock control signals 
242 for the clock generator 140 in FIG . 1 for adjusting the 
frequency of the clock signals provided to each of the 
processor cores . In some cases , all active processor cores 
can have clock signals at the same frequency . In other cases , 
the frequency of a clock signal provided to a given one of 
processor cores 105 may be adjusted independently of the 
clock signals provided to the other processor cores . The 
clock control signals 242 may be provided to the clock 
generator 140. Frequency control module 240 may generate 
control signals based on information provided by the control 
unit 230. For example , frequency control module 240 may 
generate control signals based on activities of the processor 
cores or the thermal conditions of the processor cores 
provided by the control unit 230A more detailed example of 
frequency control module 240 is described below with 
reference to FIGS . 6-8 . 
[ 0028 ] FIG . 3 is a block diagram illustrating a portion of 
an integrated circuit , according to certain aspects of the 
disclosure . FIG . 3 shows a portion of an integrated circuit 
( IC ) 300 , which includes a number of processor cores 305 , 
also designated as processor Core # 1 , processor Core # 2 , 
processor Core #N , and so forth . Processor cores 305 can be 
similar to processor cores 105 described above in connection 
to FIG . 1 . 
[ 0029 ] Integrated circuit 300 also includes a clock gen 
erator 310 , which can be used as clock generator 140 in FIG . 
1. In the example illustrated in FIG . 3 , clock generator 310 
can include a number of clock sources , e . g . , phase - locked 
loops ( PLLs ) 312 , also designated as PLL1 , PLL2 , PLLM , 
and so forth . A phase - locked loop ( PLL ) is a closed - loop 
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frequency - control system based on the phase difference 
between an input clock signal and a feedback clock signal of 
a controlled oscillator . The main blocks of the PLL can 
include a phase detector , a loop filter , and a voltage con 
trolled oscillator ( VCO ) . A PLL can also multiply a lower 
frequency reference clock up to a higher operating fre 
quency . A divider counter can be inserted in the feedback 
loop to increase the VCO frequency above the input refer 
ence frequency . The divider counter can be configured to 
provide different frequencies . Therefore , each of PLLs 312 
can be a programmable PLL that is programmed to provide 
a selected clock frequency . In some examples , the clock 
generator 310 can include on - chip PLLs on the integrated 
circuit . In other examples , the clock generator 310 can 
receive multiple clock signals from external clock genera 
tors , such as external PLLs . The clock generator 310 also has 
a selection circuit 316 , such as a multiplexer , for coupling 
clock signals from the clock sources to the processor cores 
305 . 

[ 0030 ] Integrated circuit 300 can also include a clock 
management unit 330 , similar to clock management unit 130 
in FIG . 1 or clock management unit 200 in FIG . 2. Clock 
management unit 330 can provide clock control signals 342 
to the clock generator 310 for selecting the clock signals to 
the processor cores 305 to adjust the frequency of the clock 
signals provided to each of the processor cores . 
[ 0031 ] FIG . 4 is a block diagram illustrating a portion of 
an integrated circuit , according to certain aspects of the 
disclosure . FIG . 4 shows a portion of an integrated circuit 
400 that has similar components as integrated circuit 300 in 
FIG . 3. For example , integrated circuit 400 includes a 
number of processor cores 305 , also designated as processor 
Core # 1 , processor Core # 2 , processor Core #N , and so forth , 
where N is an integer . Processor cores 305 can be similar to 
processor cores 105 described above in connection to FIG . 
1 . 

[ 0032 ] Integrated circuit 400 also includes a clock gen 
erator 410 , which can be used as clock generator 140 in FIG . 
1. Similar to clock generator 310 illustrated in FIG . 3 , clock 
generator 410 in FIG . 4 can include a number of clock 
sources , e . g . , phase - locked loops ( PLLs ) 312 , also desig 
nated as PLL1 , PLL2 , PLLM , and so forth , where M is an 
integer . Each of PLLs 312 can be a programmable PLL that 
is programmed to provide a certain clock frequency . In some 
examples , the clock generator 410 can include on - chip PLLS 
as part of the integrated circuit . In other examples , the clock 
generator 410 can receive multiple clock signals from exter 
nal clock generators , such as external PLLS . 
[ 0033 ] The clock generator 410 also has a selection circuit 
416 that includes N multiplexers 416-1 , 416-2 , 416-3 , 416 
N , where N is an integer , for coupling clock signals from the 
clock sources to the processor cores 305. Each of the N 
multiplexers is an M - to - 1 multiplexer that allows the selec 
tion of any one of the M PLLs to each of the N correspond 
ing processor cores . Each of the N multiplexers receives a 
corresponding selection signal 442-2 , 442-3 , and 442 - N . 
[ 0034 ] Integrated circuit 400 also includes a clock man 
agement unit 430 , similar to clock management unit 130 in 
FIG . 1 or clock management unit 200 in FIG . 2. Clock 
management unit 430 can provide clock control signals 442 
to the clock generator 410. In the example of FIG . 4 , clock 
control signals 442 can include N selection signals , 442-1 , 
442-2 , 442-3 , and 442 - N , for selecting the clock signals to 

the processor cores 305 to adjust the frequency of the clock 
signals provided to each of the processor cores . 
[ 0035 ] FIG . 5 is a flowchart illustrating a method for clock 
frequency control in a multi - core integrated circuit , accord 
ing to certain aspects of the disclosure . Method 500 in FIG . 
5 is described with reference to the device illustrated above 
in connection with FIGS . 1-4 . 
[ 0036 ] At 510 , a minimum allowable operating clock 
frequency and a maximum allowable operating clock fre 
quency are determined for an integrated circuit having a 
plurality of processor cores . An example of an integrated 
circuit having a plurality of processor cores is described 
above in connection to FIG . 1. Depending on the applica 
tion , the integrated circuit may operate with all the processor 
cores being active or only a subset of the processor cores 
being active . Further , some of the cores may operate at a 
nominal clock frequency , and some of the cores may operate 
at various accelerated clock frequencies up to the maximum 
allowable operating clock frequency . 
[ 0037 ] T? cores that operate at the nominal fre 
quency are referred to as being in a nominal mode , and the 
cores that operate at an accelerated clock frequency are 
referred to as being in an accelerated mode or an ACCL 
( accelerated ) mode . 
[ 0038 ] As an example , a multi - core integrated circuit may 
have a minimum allowable operating clock frequency of 2.0 
GHz and a maximum allowable operating clock frequency 
of 3.0 Ghz . Five PLLs can be configured to provide clock 
signals of f1 = 2.0 GHz , f2 = 2.2 Ghz , f3 = 2.4 GHz , f4 = 2.7 
GHz , and f5 = 3.0 GHz , respectively . In this case , the nominal 
mode would be operating at 2.0 GHz , and the accelerated or 
ACCL mode could be operating at 2.2 Ghz , 2.4 GHz , 2.7 
GHz , or 3.0 GHz . Alternatively , f1 = 2.0 GHz can be used in 
a low - power mode , f2 = 2.2 Ghz can be used in the nominal 
mode , and f3 = 2.4 GHz , f4 = 2.7 GHz , and f5 = 3.0 GHz can be 
used in the ACCL mode . In various implementations , the 
minimum allowable operating clock frequency and the 
maximum allowable operating clock frequency can be deter 
mined based on one or more performance factors , such as 
power consumption , circuit limitations , and production 
yields , etc. For example , following chip characterization , it 
may be observed that there are hard frequency limitations 
that need to be applied in order to keep the chip stable . In this 
case , it may be desirable to reduce frequency before pow 
ering up additional cores to make sure the system never 
reaches an unstable state . Clock management unit 130 can 
control both maximum allowed frequency and the power 
up / down sequence of the processor cores . 
[ 0039 ] In some embodiments , clock management unit 130 
does not control voltage level . In these cases , the voltage is 
constant ( at ACCL level ) in the ACCL mode . In other 
embodiments , multiple voltage levels can be used for the 
processor cores . For example , in the nominal mode , a 
regular operation voltage level can be used , with a constant 
processor frequency . In the ACCL mode , higher voltage 
levels can be used , and the processor frequency can be 
managed by a dynamic frequency switching logic described 
below . 
[ 0040 ] In these examples , the same voltage level will be 
used for all active cores at a given time . The control over the 
voltage levels can be controlled either internally in the 
integrated circuit or by a controller running on an external 
chip . 



US 2021/0157381 A1 May 27 , 2021 
4 

[ 0041 ] At 520 , a plurality of clock sources are configured 
to provide a corresponding plurality of clock frequencies 
between the minimum operating frequency and the maxi 
mum operating frequency . As an example , the plurality of 
clock sources can be provided by the clock generator 140 in 
integrated circuit 100 in FIG . 1. The clock generator 140 can 
include a plurality of phase locked loops ( PLLs ) . The PLLs 
can be configured to provide different frequencies . For 
example , one of the PLLs can be configured to provide a 
clock having a clock frequency of the minimum allowable 
operating clock frequency , and a second PLL can be con 
figured to provide a clock having a clock frequency of the 
maximum allowable operating clock frequency . The other 
PLLs can be configured to provide a clock having a clock 
frequency somewhere between the minimum allowable 
operating clock frequency and the maximum allowable 
operating clock frequency . 
[ 0042 ] At 530 , the activities of the processor cores are 
monitored , and the total number of active processor cores is 
determined . As described above , the clock management unit 
330 monitors the state of each of the processor cores to 
determine whether a given processor core is active or 
inactive . In some cases , all of the processor cores may be 
active , and all of the processor cores may operate at a 
predetermined clock frequency . In other cases , only some of 
the processor cores may be active . In the latter cases , the 
power consumption limitations or available electrical cur 
rent budget may allow some processor cores to operate at 
higher clock frequencies . 
[ 0043 ] At 540 , it may be determined that , for an operation 
of the integrated circuit , all the processor cores are active . In 
this case , all the active processor cores can operate at the 
minimum allowable operating clock frequency within the 
power or electrical current limit . This can be implemented 
by providing the selection circuit 316 with a signal causing 
it to connect the PLL that is generating the minimum 
allowable operating clock frequency to all the processor 

number of processor cores , and one or more temperature 
sensors can be associated with each region that can include 
multiple processor cores . 
[ 0046 ] At 570 , the clock frequencies of the processor cores 
are adjusted based on the temperature of the integrated 
circuit . For example , if the temperature is too high , the clock 
frequency can be lowered . On the other hand , if the tem 
perature is lower than a temperature threshold , the clock 
frequency can be increased . A method for selecting the clock 
frequencies is described below in connection with FIGS . 6 
and 8 . 
[ 0047 ] At 580 , the method can include repeating the above 
processes to continuously monitor the activities of the 
processor cores and to vary the clock frequencies to improve 
the performance of the integrated circuit . 
[ 0048 ] FIG . 6 is a block diagram illustrating a portion of 
a clock management unit 600 for clock frequency control in 
a multi - core integrated circuit according to certain aspects of 
the disclosure . Clock management unit 600 is another pos 
sible implementation of the clock management unit 200 . 
FIG . 6 illustrates certain functional blocks that perform 
functions corresponding to control unit 230 , frequency con 
trol unit 240 , and registers unit 250 in the clock management 
unit 200. To simplify the drawing , FIG . 6 omits other 
functional units , such as those that correspond to the activity 
monitor 210 and thermal monitor unit 220 in the clock 
management unit 200. Clock management unit 600 receives 
indications about the state of every core and uses those 
indications to enforce the frequency limitations . In some 
embodiments , there are three possible states for every core : 
( 1 ) powered - down , ( 2 ) wait , and ( 3 ) active . Further , each 
core in the active state can operate in a nominal mode or in 
an ACCL ( or accelerated ) mode . In the nominal mode , the 
core operates at a normal clock frequency , and in the ACCL 
mode , the core operates at a raised clock frequency . Aweight 
for every core can be retrieved from a configuration file . The 
frequency can be set according to the sum of weights . Clock 
management unit 600 can also get power down and wake - up 
requests for every core . Upon receiving a wake - up request 
when frequency lowering is required , clock management 
unit 600 can lower the frequency before waking up the core . 
Clock management unit 600 can also get a WAIT indication 
and a Wake - Up request for every core . Upon receiving the 
Wake - Up request , when frequency lowering is required , 
clock management unit 600 can lower the frequency before 
acknowledging the Wake - Up request . 
[ 0049 ] The plurality of processor cores in the multi - core 
integrated circuit can be grouped into multiple subsets . For 
example , the example of FIG . 6 , the plurality of processor 
cores in the multi - core integrated circuit is grouped into four 
subsets , or four quadrants , QO , Q1 , Q2 , and Q3 . For 
example , in a 64 - core system , quadrants Q0 - Q4 can each 
include 16 processor cores . It is understood that the grouping 
of processor cores into quadrant in FIG . 6 is merely an 
example , and any suitable grouping can be used . As shown 
in FIG . 6 , quadrant QO includes a first table 611 that lists the 
electrical current of the cores in quadrant Q0 operating in the 
nominal mode . The first table 611 receives as an input the 
number of cores operating in the nominal mode 611-1 . 
Quadrant Q0 also includes a second table 612 that lists the 
electrical current of the core in the WAIT mode . The second 
table 612 receives as an input the number of cores operating 
in the WAIT mode 612-1 . The first table 611 and the second 
table 612 can be lookup tables including pre - determined 

cores . 

[ 0044 ] At 550 , upon determining that the total number of 
active processor cores is lower than a threshold number , the 
clock frequency of one or more active processor cores may 
be increased . Under this condition , the power consumption 
limitations or available electrical current budget may allow 
some processor cores to operate at higher clock frequencies . 
In some cases , all active cores can be candidates for higher 
clock frequencies in the ACCL mode . In other cases , some 
of the active processor cores may be selected to operate at 
higher clock frequencies in the ACCL mode . The threshold 
number can be determined based on post - silicon character 
ization and stored in a configuration file . A more detailed 
method for selecting the clock frequencies is described 
below in connection with FIGS . 6 and 7 . 

[ 0045 ] At 560 , the thermal conditions of the processor 
cores are monitored , and the temperatures of the processor 
cores are determined . As described above , the clock man 
agement unit 330 monitors the state of each of the processor 
cores to determine the temperature of a given processor core . 
As an example , the integrated circuit 100 can include a 
plurality of temperature sensors distributed over the inte 
grated circuit . There can be a temperature sensor associated 
with each processor core . Alternatively , the integrated circuit 
can include multiple regions , each region can include a 
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values . Alternatively , these tables can be updated by the 
clock management unit to reflect up - to - date current flow 
values . A sum of the currents 614 from tables 611 and 612 
represents the current of processor cores not in the ACCL 
mode in quadrant Q0 . The sum of the currents 614 is input 
to a third table 613 , which is a lookup table for quadrant Q0 
that lists raised frequency entries based on the available 
electrical current for the cores in ACCL mode 613-1 . The 
third table 613 receives as an input the number of cores not 
operating in the nominal mode 613-1 . The output of table 
613 is a local speed limit 613-2 , which is an allowed clock 
frequency , for quadrant Q0 . An example of the process used 
in determining the frequency entries in the third table 613 is 
described below with reference to FIG . 7. The units and 
modules described herein may be software modules , hard 
ware modules , or a suitable combination thereof . 
[ 0050 ] In FIG . 6 , quadrants Q1 , Q2 , and Q3 have similar 
structures as Q0 . To simplify the figure , only the structures 
of quadrant Q3 are illustrated . As shown in FIG . 6 , quadrant 
Q3 includes a first table 641 that lists the electrical current 
of the cores in quadrant Q3 operating in the nominal mode . 
The first table 641 receives as an input the number of cores 
operating in the nominal mode 641-1 . Quadrant Q3 also 
includes a second table 642 that lists the electrical current of 
the core in the WAIT mode . The second table 642 receives 
as an input the number of cores in operation in the nominal 
mode 642-1 . A sum of the currents 644 from tables 641 and 
642 represents the current of processor cores not in the 
ACCL mode in quadrant Q3 . The sum of the currents 644 is 
input to a third table 643 , which is a lookup table quadrant 
Q3 that lists raised frequency entries based on the available 
electrical current for the cores in ACCL mode 643-1 . The 
third table 643 receives as an input the number of cores in 
not operating in the nominal mode 643-1 . The output of table 
643 is a local speed limit 643-2 , which is an allowed clock 
frequency , for quadrant ( 3 . 
[ 0051 ] In FIG . 6 , current 624 is a value describing the 
current of processor cores not in the ACCL mode in quadrant 
Q1 , and current 624 is a value describing the current of 
processor cores not in the ACCL mode in quadrant Q2 . The 
sum of currents 614 , 624 , 634 , and 644 is the total current 
of processor cores not in the ACCL mode on the integrated 
circuit , and is designated as current 654. Total current 654 is 
used to determine available electrical current that can be 
allocated to the processor cores in the ACCL mode to 
operate with raised clock frequency . As explained in more 
detail below with reference to the method of FIG . 7 , a global 
lookup table 650 , for the integrated circuit as a whole 
including quadrants Q0 , Q1 , Q2 , and Q3 , is used to deter 
mine the clock frequency for processor cores to operate in 
ACCL mode , based on the total available electrical current 
and the number of processor cores to operate in ACCL mode 
650-1 . The output of global lookup table 650 is a global 
speed limit 650-2 , which is an allowed clock frequency for 
the integrated circuit . 
[ 0052 ] The local speed limits for each of quadrants 613-2 , 
623-2 , 633-3 , and 643-2 , along with the global speed limit 
650-2 are input to a minimum block Min 651 , which takes 
the minimum of the input speed limits and determines a 
clock speed limit 653 , which can include the raised clock 
frequency for the processor cores in the ACCL mode ( or 
accelerated mode ) based on the number of active cores and 
the electrical current specification . Clock speed limit 653 is 
also referred to as the AC speed limit to note that it is related 

to the activities of the processor cores , and to distinguish 
from the clock speed limits , the TH speed limits , based on 
thermal considerations described below . 
[ 0053 ] In some implementations , thermal considerations 
also play a role in the determination of clock frequencies . As 
described below in connection with FIG . 8 , the temperature 
of the integrated circuit or regions of the integrated circuit 
can be used as a parameter in raising or lowering the clock 
frequencies of the processor core . In the example of FIG . 6 , 
four TH speed limit registers provide the clock speed limits 
based on thermal analysis : QO TH speed limit register 661 , 
Q1 TH speed limit register 662 , Q2 TH speed limit register 
663 , and Q3 TH speed limit register 664. These speed limits 
are compared with the AC speed limit 653 to determine the 
clock frequency for each quadrant and provide PLL selec 
tion signals for each quadrant . FIG . 6 shows a first minimum 
circuit 671 providing the minimum of the output of QO TH 
speed limit register 661 and AC speed limit 653 and out 
putting a QO PLL select signal 671-1 . Similarly , a second 
minimum circuit 672 provides the minimum of the output of 
Q1 TH speed limit register 662 and AC speed limit 663 and 
outputs a Q1 PLL select signal 672-1 . A third minimum 
circuit 673 provides the minimum of the output of Q2 TH 
speed limit register 663 and AC speed limit 653 and outputs 
a Q2 PLL select signal 673-1 . A fourth minimum circuit 673 
provides the minimum of the output of Q3 TH speed limit 
register 664 and AC speed limit 653 and outputs a Q3 PLL 
select signal 674-1 . 
[ 0054 ] As shown in FIG . 6 , clock management unit 600 
can also include various registers for implementing monitor 
and control functions . The registers can include a configu 
ration register 681 , a control register 682 , processor status 
registers 683 , and thermal power registers 684 , etc. For 
example , the configuration register 681 and the control 
register 682 can be used in PLL selection generation . Pro 
cessor status registers 683 can be used to keep track of the 
status of the processor cores . The thermal power registers 
684 can be used for management of clock frequencies based 
on thermal conditions of the integrated circuit . 
[ 0055 ] In some implementations , when some of the pro 
cessor cores are not in operation , the power or electrical 
current budget may allow some of the active cores to operate 
at accelerated clock frequencies . In some implementations , 
the clock management unit 600 can decide which clock 
frequency to choose based on the available electrical current 
budget for the integrated circuit . Clock management unit 
600 can execute algorithms to make decisions based on 
activity levels of the processor cores and other units in the 
integrated circuit , as well as the power budget and electrical 
current budget of the integrated circuit . For example , clock 
management unit 600 can read out all activity indications 
from the integrated circuit and define the total power budget . 
[ 0056 ] FIG . 7 is a flowchart illustrating a method for 
selecting an operating clock frequency based on electrical 
activity levels for a multi - core integrated circuit , according 
to certain aspects of the disclosure . As shown in the example 
of FIG . 7 , method 700 can include the following processes . 
[ 0057 ] At 710 , the method can include monitoring the 
activities of the processor cores . For example , the monitor 
ing can be carried out by the activity monitor 210 of clock 
management unit 200 in FIG . 2. Depending on the imple 
mentation , the activity monitor 210 can determine the num 
ber of active processor cores , as well as activity levels of the 
processor cores . 
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[ 0058 ] At 720 , a total electrical current budget for the 
integrated circuit is determined , which is expressed as 
CB total . This value can be determined based on the power 
consumption requirement and circuit performance require 
ment . This value can also be configurable through a register . 
[ 0059 ] At 730 , an available current budget is determined 
for accelerated operating clock frequencies . Since an 
increased clock frequency can increase the current flow , the 
amount of the available current budget is needed to decide 
the allocation of various accelerated clock frequencies . The 
total electrical current budget for the integrated circuit can 
be calculated as follows . 

CBavaiCBtotal - N WAIT WWAIT - Nnominal Wnominal 

controller ) outside the integrated circuit to handle the ther 
mal protection . The external thermal monitor can receive 
updates from the integrated circuit periodically . In case of an 
update time out , the integrated circuit can be shut down . 
[ 0070 ] At 820 , the total number of active processor cores 
is determined . The total number of active processor cores 
can be determined by the activity monitor 210 of clock 
management circuit 200 in FIG . 2. In the case of the external 
thermal monitor 221 , the total number of active processor 
cores can be presented to the external thermal monitor 221 
through a communication link ( e . g . , a PCI interface ) 
between the integrated circuit and the external thermal 
monitor . The total number of active processor cores may be 
useful in selection of clock frequencies based on thermal 
considerations described below . 
[ 0071 ] At 830 , the temperature is compared with a first 
temperature threshold . If the temperature is lower than the 
first temperature threshold , the clock frequency of the pro 
cessor cores can be raised . A clock frequency can be selected 
based on the temperature difference and the total number of 
active processor cores . 
[ 0072 ] At 840 , if the temperature is greater than a second 
threshold , the clock frequency of the processor cores can be 
lowered . A clock frequency can be selected based on the 
temperature difference and the total number of active pro 

WAIT 

cessor cores . 

where : 
[ 0060 ] Nwait # of cores in WAIT mode ; 
[ 0061 ] nnominal # of cores that requested nominal fre 
quency ; 

[ 0062 ] nacci— # of cores participating in ACCL mode ; 
[ 0063 ] W weight of core in WAIT mode ; and 
[ 0064 ] Wnominal weight of core running with nominal 

frequency . 
[ 0065 ] At 740 , a total count , naccl , of the candidate 
processor cores to receive the accelerated clock frequency is 
determined . Depending on the application , it may be desir 
able that different numbers of the active processor cores may 
be selected to receive the accelerated clock frequencies . 
[ 0066 ] At 750 , a frequency lookup index , fv , is determined 
as follows : fv = CB avait / naccl . In this example , it is assumed 
that each candidate processor core will operate at the same 
accelerated clock frequency . As a result , the available cur 
rent budget is evenly divided by the number of candidate 
processor cores . In other example , the processor cores can 
receive different accelerated clock frequencies . In this case , 
the frequencies can be assigned according to available 
current budget and the number of candidate processor cores . 
[ 0067 ] At 760 , an accelerated operating clock frequency is 
selected from a lookup table , using the frequency lookup 
index , fv . Here the lookup table maps accelerated clock 
frequencies versus the frequency lookup index , fv , which 
represents the available electrical current budget per pro 
cessor core . Examples of lookup tables are shown in FIG . 6 , 
for example , lookup tables , 613 , 643 , and 650. In this 
example , all processor cores selected to have their clock 
frequency raised will receive the same accelerated fre 
quency . Of course , the algorithm can be modified to allow 
different processor cores to receive different accelerated 
clock frequencies as long as the allocation can fit under the 
available electrical current budget . Changing of the clock 
frequency can be implemented by providing the selection 
circuit 316 in FIG . 3 with a signal to connect the PLL with 
the selected operating clock frequency to the designated 
processor cores . 
[ 0068 ] FIG . 8 is a flowchart illustrating a method for 
selecting operating clock frequency based on thermal con 
ditions for a multi - core integrated circuit , according to 
certain aspects of the disclosure . Method 800 can be sum 
marized below . 
[ 0069 ] At 810 , the thermal conditions of the integrated 
circuit are monitored to determine temperature of active 
processor cores . The thermal conditions can be monitored by 
the thermal monitor 220 of clock management unit 200 in 
FIG . 2. Alternatively , the thermal conditions can be moni 
tored by an external thermal monitor 221 ( e . g . , a micro 

[ 0073 ] At 850 , if the temperature is greater than a third 
threshold representing a critical thermal condition , the inte 
grated circuit can be shut down . 
[ 0074 ] As described above in connection with FIG . 6 , the 
new clock frequency selected by the process of FIG . 7 and 
the new clock frequency selected by the process of FIG . 8 
are compared . The lower one of these two clock frequencies 
is used by the clock management unit 600 to apply to the 
processor cores . 
[ 0075 ] Some or all of the methods described above in 
connection with FIGS . 5 , 7 , and 8 ( or any other processes 
described herein , or variations , and / or combinations thereof ) 
may be performed under the control of one or more com 
puter systems configured with executable instructions and 
may be implemented as code ( e.g. , executable instructions , 
one or more computer programs , or one or more applica 
tions ) executing collectively on one or more processors , by 
hardware or combinations thereof . The code may be stored 
on a computer - readable storage medium , for example , in the 
form of a computer program comprising a plurality of 
instructions executable by one or more processors . The 
computer - readable storage medium may be non - transitory . 
[ 0076 ] FIG . 9 illustrates an example of computer device 
900. Functionality and / or several components of the com 
puter device 900 may be used without limitation with other 
embodiments disclosed elsewhere in this disclosure , without 
limitations . For example , the multi - core integrated circuit 
100 described above includes various components , such as 
a processing logic 120 , a management module 121 , a 
configuration module 123 , a memory 125 , a bus interface 
module 127 , and a network interface module 129. These 
components may be similar to some of the components of 
computer device 900 described below . A computer device 
900 may facilitate processing of packets and / or forwarding 
of packets from the computer device 900 to another device . 
As referred to herein , a “ packet ” or “ network packet ” may 
refer to a variable or fixed unit of data . In some instances , a 
packet may include a packet header and a packet payload . 
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The packet header may include information associated with 
the packet , such as the source , destination , quality of service 
parameters , length , protocol , routing labels , error correction 
information , etc. In certain implementations , one packet 
header may indicate information associated with a series of 
packets , such as a burst transaction . In some implementa 
tions , the computer device 900 may be the recipient and / or 
generator of packets . In some implementations , the com 
puter device 900 may modify the contents of the packet 
before forwarding the packet to another device . The com 
puter device 900 may be a peripheral device coupled to 
another computer device , a switch , a router or any other 
suitable device enabled for receiving and forwarding pack 
ets . 

[ 0077 ] In one example , the computer device 900 may 
include processing logic 902 , a configuration module 904 , a 
management module 906 , a bus interface module 908 , 
memory 910 , and a network interface module 912. These 
modules may be hardware modules , software modules , or a 
combination of hardware and software . In certain instances , 
modules may be interchangeably used with components or 
engines , without deviating from the scope of the disclosure . 
The computer device 900 may include additional modules , 
not illustrated here , such as components discussed with 
respect to the nodes disclosed in FIG . 10. In some imple 
mentations , the computer device 900 may include fewer 
modules . In some implementations , one or more of the 
modules may be combined into one module . One or more of 
the modules may be in communication with each other over 
a communication channel 914. The communication channel 
914 may include one or more busses , meshes , matrices , 
fabrics , a combination of these communication channels , or 
some other suitable communication channel . 
[ 0078 ] The processing logic 902 may include application 
specific integrated circuits ( ASICs ) , field programmable 
gate arrays ( FPGAs ) , systems - on - chip ( SoCs ) , network pro 
cessing units ( NPUs ) , processors configured to execute 
instructions or any other circuitry configured to perform 
logical arithmetic and floating point operations . Examples of 
processors that may be included in the processing logic 902 
may include processors developed by ARM® , MIPS® , 
AMD® , Intel® , Qualcomm® , and the like . In certain imple 
mentations , processors may include multiple processing 
cores , wherein each processing core may be configured to 
execute instructions independently of the other processing 
cores . Furthermore , in certain implementations , each pro 
cessor or processing core may implement multiple process 
ing threads executing instructions on the same processor or 
processing core , while maintaining logical separation 
between the multiple processing threads . Such processing 
threads executing on the processor or processing core may 
be exposed to software as separate logical processors or 
processing cores . In some implementations , multiple pro 
cessors , processing cores or processing threads executing on 
the same core may share certain resources , such as for 
example busses , level 1 ( L1 ) caches , and / or level 2 ( L2 ) 
caches . The instructions executed by the processing logic 
902 may be stored on a computer - readable storage medium , 
for example , in the form of a computer program . The 
computer - readable storage medium may be non - transitory . 
In some cases , the computer - readable medium may be part 
of the memory 910 . 
[ 0079 ] The memory 910 may include either volatile or 
non - volatile , or both volatile and non - volatile types of 

memory . The memory 910 may , for example , include ran 
dom access memory ( RAM ) , read only memory ( ROM ) , 
Electrically Erasable Programmable Read - Only Memory 
( EEPROM ) , flash memory , and / or some other suitable stor 
age media . In some cases , some or all of the memory 910 
may be internal to the computer device 900 , while in other 
cases some or all of the memory may be external to the 
computer device 900. The memory 910 may store an oper 
ating system comprising executable instructions that , when 
executed by the processing logic 902 , provides the execution 
environment for executing instructions providing network 
ing functionality for the computer device 900. The memory 
may also store and maintain several data structures and 
routing tables for facilitating the functionality of the com 
puter device 900 . 
[ 0080 ] In some implementations , the configuration mod 
ule 904 may include one or more configuration registers . 
Configuration registers may control the operations of the 
computer device 900. In some implementations , one or more 
bits in the configuration register can represent certain capa 
bilities of the computer device 900. Configuration registers 
may be programmed by instructions executing in the pro 
cessing logic 902 , and / or by an external entity , such as a host 
device , an operating system executing on a host device , 
and / or a remote device . The configuration module 904 may 
further include hardware and / or software that control the 
operations of the computer device 900 . 
[ 0081 ] In some implementations , the management module 
906 may be configured to manage different components of 
the computer device 900. In some cases , the management 
module 906 may configure one or more bits in one or more 
configuration registers at power up , to enable or disable 
certain capabilities of the computer device 900. In certain 
implementations , the management module 906 may use 
processing resources from the processing logic 902. In other 
implementations , the management module 906 may have 
processing logic similar to the processing logic 902 , but 
segmented away or implemented on a different power plane 
than the processing logic 902 . 
[ 0082 ] The bus interface module 908 may enable commu 
nication with external entities , such as a host device and / or 
other components in a computing system , over an external 
communication medium . The bus interface module 908 may 
include a physical interface for connecting to a cable , socket , 
port , or other connection to the external communication 
medium . The bus interface module 908 may further include 
hardware and / or software to manage incoming and outgoing 
transactions . The bus interface module 908 may implement 
a local bus protocol , such as Peripheral Component Inter 
connect ( PCI ) based protocols , Non - Volatile Memory 
Express ( NVMe ) , Advanced Host Controller Interface 
( AHCI ) , Small Computer System Interface ( SCSI ) , Serial 
Attached SCSI ( SAS ) , Serial AT Attachment ( SATA ) , Par 
allel ATA ( PATA ) , some other standard bus protocol , or a 
proprietary bus protocol . The bus interface module 908 may 
include the physical layer for any of these bus protocols , 
including a connector , power management , and error han 
dling , among other things . In some implementations , the 
computer device 900 may include multiple bus interface 
modules for communicating with multiple external entities . 
These multiple bus interface modules may implement the 
same local bus protocol , different local bus protocols , or a 
combination of the same and different bus protocols . 



US 2021/0157381 A1 May 27 , 2021 
8 

claims ) are to be construed to cover both the singular and the 
plural , unless otherwise indicated herein or clearly contra 
dicted by context . The terms " comprising , ” “ having , ” 
" including , ” and “ containing ” are to be construed as open 
ended terms ( i.e. , meaning “ including , but not limited to , " ) 
unless otherwise noted . The term “ connected ” is to be 
construed as partly or wholly contained within , attached to , 
or joined together , even if there is something intervening . 
Recitation of ranges of values herein are merely intended to 
serve as a shorthand method of referring individually to each 
separate value falling within the range , unless otherwise 
indicated herein and each separate value is incorporated into 
the specification as if it were individually recited herein . All 
methods described herein can be performed in any suitable 
order unless otherwise indicated herein or otherwise clearly 
contradicted by context . The use of any and all examples , or 
exemplary language ( e.g. , “ such as ” ) provided herein , is 
intended merely to better illuminate embodiments of the 
disclosure and does not pose a limitation on the scope of the 
disclosure unless otherwise claimed . No language in the 
specification should be construed as indicating any non 
claimed element as essential to the practice of the disclosure . 
[ 0089 ] Disjunctive language such as the phrase " at least 
one of X , Y , or Z , ” unless specifically stated otherwise , is 
intended to be understood within the context as used in 
general to present that an item , term , etc. , may be either X , 
Y , or Z , or any combination thereof ( e.g. , X , Y , and / or Z ) . 
Thus , such disjunctive language is not generally intended to , 
and should not , imply that certain embodiments require at 
least one of X , at least one of Y , or at least one of Z to each 
be present . 

[ 0083 ] The network interface module 912 may include 
hardware and / or software for communicating with a net 
work . This network interface module 912 may , for example , 
include physical connectors or physical ports for wired 
connection to a network , and / or antennas for wireless com 
munication to a network . The network interface module 912 
may further include hardware and / or software configured to 
implement a network protocol stack . The network interface 
module 912 may communicate with the network using a 
network protocol , such as for example TCP / IP , Infiniband , 
RoCE , Institute of Electrical and Electronics Engineers 
( IEEE ) 802.11 wireless protocols , User Datagram Protocol 
( UDP ) , Asynchronous Transfer Mode ( ATM ) , token ring , 
frame relay , High Level Data Link Control ( HDLC ) , Fiber 
Distributed Data Interface ( FDDI ) , and / or Point - to - Point 
Protocol ( PPP ) , among others . In some implementations , the 
computer device 900 may include multiple network inter 
face modules , each configured to communicate with a dif 
ferent network . For example , in these implementations , the 
computer device 900 may include a network interface mod 
ule for communicating with a wired Ethernet network , a 
wireless 802.11 network , a cellular network , an Infiniband 
network , etc. 
[ 0084 ] The various components and modules of the com 
puter device 900 , described above , may be implemented as 
discrete components , as a System on a Chip ( SOC ) , as an 
ASIC , as an NPU , as an FPGA , or any combination thereof . 
In some embodiments , the SoC or other component may be 
communicatively coupled to another computing system to 
provide various services such as traffic monitoring , traffic 
shaping , computing , etc. 
[ 0085 ] The modules described herein may be software 
modules , hardware modules or a suitable combination 
thereof . If the modules are software modules , the modules 
can be embodied on a non - transitory computer readable 
medium and processed by a processor in any of the computer 
systems described herein . It should be noted that the 
described processes and architectures can be performed 
either in real - time or in an asynchronous mode prior to any 
user interaction . The modules may be configured in the 
manner suggested in FIG . 9 , and / or functions described 
herein can be provided by one or more modules that exist as 
separate modules and / or module functions described herein 
can be spread over multiple modules . 
[ 0086 ] The specification and drawings are , accordingly , to 
be regarded in an illustrative rather than a restrictive sense . 
It will , however , be evident that various modifications and 
changes may be made thereunto without departing from the 
broader spirit and scope of the disclosure as set forth in the 
claims . 
[ 0087 ] Other variations are within the spirit of the present 
disclosure . Thus , while the disclosed techniques are suscep 
tible to various modifications and alternative constructions , 
certain illustrated embodiments thereof are shown in the 
drawings and have been described above in detail . It should 
be understood , however , that there is no intention to limit the 
disclosure to the specific form or forms disclosed , but on the 
contrary , the intention is to cover all modifications , alterna 
tive constructions , and equivalents falling within the spirit 
and scope of the disclosure , as defined in the appended 
claims . 
[ 0088 ] The use of the terms “ a ” and “ an ” and “ the ” and 
similar referents in the context of describing the disclosed 
embodiments ( especially in the context of the following 

[ 0090 ] Various embodiments of this disclosure are 
described herein , including the best mode known to the 
inventors for carrying out the disclosure . Variations of those 
embodiments may become apparent to those of ordinary 
skill in the art upon reading the foregoing description . The 
inventors expect skilled artisans to employ such variations 
as appropriate and the inventors intend for the disclosure to 
be practiced otherwise than as specifically described herein . 
Accordingly , this disclosure includes all modifications and 
equivalents of the subject matter recited in the claims 
appended hereto as permitted by applicable law . Moreover , 
any combination of the above - described elements in all 
possible variations thereof is encompassed by the disclosure 
unless otherwise indicated herein or otherwise clearly con 
tradicted by context . 

What is claimed is : 

1. A method , comprising : 
determining a minimum allowable operating clock fre 

quency and a maximum allowable operating clock 
frequency for an integrated circuit having N processor 
cores and M multiple phase locked loops ( PLLs ) , 
wherein N and M are integers , the integrated circuit 
further including N multiplexers , each of which is an 
M - to - 1 multiplexer coupling the M PLLs to each of the 
N processor cores ; 

configuring the M PLLs to provide M pre - set clock 
frequencies between the minimum allowable operating 
clock frequency and the maximum allowable operating 
clock frequency ; 

determining a total number of active processor cores ; 
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upon determining that all of the plurality of the processor 
cores are active , operating the integrated circuit with all 
of the N processor cores at the minimum allowable 
operating clock frequency ; 

upon determining that the total number of active proces 
sor cores is lower than a threshold number , coupling 
one or more active processor cores to one of the M 
PLLs that provides a clock frequency higher than the 
minimum allowable operating clock frequency ; 

determining a temperature of the integrated circuit ; 
upon determining that the temperature of the integrated 

circuit is below a first temperature threshold , coupling 
the active processor cores to one of the M PLLs that 
provides a clock frequency higher than the minimum 
allowable operating clock frequency ; 

upon determining that the temperature of the integrated 
circuit is above a second temperature threshold , cou 
pling the active processor cores to one of the M PLLS 
that provides the minimum allowable operating clock 
frequency ; and 

upon determining that the temperature of the integrated 
circuit is above a third temperature threshold , powering 
down the integrated circuit . 

2. The method of claim 1 , further comprising selecting a 
clock frequency higher than the minimum allowable oper 
ating clock frequency based on available electrical current 
budget . 

3. The method of claim 2 , further comprising selecting a 
clock frequency higher than the minimum allowable oper 
ating clock frequency based on a lookup table that associates 
an available electrical current budget with a corresponding 
clock frequency between the minimum allowable operating 
clock frequency and the maximum allowable operating 
clock frequency , the available electrical current budget 
being a portion of a total electrical current budget . 

4. The method of claim 1 , further comprising determining 
a temperature of the integrated circuit using one or more 
temperature sensors on the integrated circuit . 

5. The method of claim 1 , further comprising monitoring 
a temperature of the integrated circuit and selecting an 
operating clock frequency using a control circuit external to 
the integrated circuit . 

6. A method , comprising : 
determining a minimum allowable operating clock fre 

quency and a maximum allowable operating clock 
frequency for an integrated circuit having a plurality of 
processor cores ; 

configuring a plurality of clock sources to provide a 
corresponding plurality of clock frequencies between 
the minimum allowable operating clock frequency and 
the maximum allowable operating clock frequency ; 

determining a total number of active processor cores ; 
if all of the plurality the processor cores are active , 

operating all active processor cores at the minimum 
allowable operating clock frequency ; and 

if the total number of active processor cores is lower than 
a threshold number , increasing a clock frequency of 
one or more active processor cores based on available 
electrical current budget . 

7. The method of claim 6 , wherein determining a total 
number of active processor cores comprises monitoring a 
state of each of the plurality of processor cores . 

8. The method of claim 6 , further comprising associating 
each of the plurality of clock frequencies with the available 
electrical current budget for active processor cores in a 
lookup table . 

9. The method of claim 8 , wherein increasing the clock 
frequency of active processor cores comprises : 

selecting a clock frequency higher than the minimum 
allowable operating clock frequency based on the 
lookup table that associates an available electrical 
current budget with a corresponding clock frequency , 
the corresponding clock frequency being between the 
minimum allowable operating clock frequency and the 
maximum allowable operating clock frequency , the 
available electrical current budget being a portion of a 
total electrical current budget . 

10. The method of claim 6 , further comprising : 
determining a temperature of the integrated circuit ; and 
upon determining that the temperature of the integrated 

circuit is below a temperature limit , increasing the 
clock frequency of the processor cores based on the 
temperature of the integrated circuit . 

11. The method of claim 6 , further comprising : 
determining a temperature for each of a plurality of 

regions of the integrated circuit ; and 
upon determining that the temperature of a given region 

of the integrated circuit is below a temperature limit , 
increasing the clock frequency of the processor cores in 
the given region based on the temperature of the given 
region of the integrated circuit . 

12. The method of claim 11 , further comprising : 
determining the temperature for each of a plurality of 

regions of the integrated circuit , using one or more 
temperature sensors ; and 

controlling clock frequency changes of the processor 
cores from a controller external to the integrated circuit . 

13. A integrated circuit , comprising : 
a plurality of processor cores ; 
a plurality of clock sources , each one of the plurality of 

clock sources providing one of a plurality of clock 
signals having clock frequencies between a minimum 
allowable operating clock frequency and a maximum 
allowable operating clock frequency ; 

a selection circuit coupling each one of the plurality of 
clock sources to each one of the plurality of processor 
cores ; 

a processor clock management circuit coupled to the 
plurality of processor cores and to the selection circuit ; 

wherein the processor clock management circuit is con 
figured to : 
determine a total number of active processor cores ; 
if all of the plurality the processor cores are active , 

provide all the processor cores with a clock signal 
having the minimum allowable operating clock fre 
quency ; and 

if the total number of active processor cores is less than 
a threshold number , provide one or more active 
processor cores with a second clock signal having a 
clock frequency higher than the clock frequency of 
the first clock signal . 

14. The integrated circuit of claim 13 , wherein the plu 
rality of clock sources comprises a plurality of PLLs ( phase 
locked loops ) , each configured to provide a clock frequency 
between the minimum allowable operating clock frequency 
and the maximum allowable operating clock frequency . 
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15. The integrated circuit of claim 13 , wherein the pro 
cessor clock management circuit comprises a switching 
circuit that includes one multiplexer for each processor core 
of the plurality of processor cores for selectively coupling 
any one of the plurality of clock sources to the given 
processor core . 

16. The integrated circuit of claim 13 , wherein the pro 
cessor clock management circuit comprises a global lookup 
table ( LUT ) that associates global clock speed limits with 
available current budget and a total number of processor 
cores in the integrated circuit selected for receiving higher 
clock frequencies . 

17. The integrated circuit of claim 16 , wherein the plu 
rality of processor cores are grouped into multiple subsets , 
and the processor clock management circuit further com 
prises a lookup table ( LUT ) for each of the multiple subsets 
that associates local clock speed limits with available current 

budget and a number of processor cores in a given subset of 
processor cores selected for receiving higher clock frequen 
cies . 

18. The integrated circuit of claim 17 , wherein the pro 
cessor clock management circuit is configured to determine 
clock frequency select signal based on a minimum of the 
global clock speed limit and the multiple local speed limits . 

19. The integrated circuit of claim 13 , wherein the pro 
cessor clock management circuit is configured to , upon 
determining that the temperature of the integrated circuit is 
below a temperature limit , provide a higher clock frequency 
of active processor cores . 

20. The integrated circuit of claim 13 , wherein the pro 
cessor clock management circuit is configured to determine 
the temperature of each of multiple regions in the integrated 
circuit , and provide a higher clock frequency for the pro 
cessor cores in a given region if the temperature of the given 
region is below a temperature limit . 

* 


