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SYSTEMAND METHOD FOR ADAPTIVE 
THERMAL MANAGEMENT IN A PORTABLE 

COMPUTING DEVICE 

DESCRIPTION OF THE RELATED ART 

0001 Portable computing devices (“PCDs) are becom 
ing necessities for people on personal and professional levels. 
These devices may include cellular telephones, portable digi 
tal assistants ("PDAs), portable game consoles, palmtop 
computers, and other portable electronic devices. 
0002 One unique aspect of PCDs is that they typically do 
not have active cooling devices, like fans, which are often 
found in larger computing devices such as laptop and desktop 
computers. Instead of using fans, PCDS may rely on the 
spatial arrangement of electronic packaging so that two or 
more active and heat producing components are not posi 
tioned proximally to one another. Many PCDs may also rely 
on passive cooling devices, such as heat sinks, to manage 
thermal energy among the electronic components which col 
lectively form a respective PCD. 
0003. The reality is that PCDs are typically limited in size 
and, therefore, room for components within a PCD often 
comes at a premium. As such, there usually isn’t enough 
space within a PCD for engineers and designers to mitigate 
thermal degradation or failure of processing components by 
using clever spatial arrangements or strategic placement of 
passive cooling components. Therefore, current systems and 
methods rely on various temperature sensors embedded on 
the PCD chip to monitor the dissipation of thermal energy and 
then use the measurements to trigger application of thermal 
management techniques that adjust workload allocations, 
processing speeds, etc. to reduce thermal energy generation. 
0004 For example, current systems and methods throttle a 
processor's voltage and frequency to predefined “levels of 
performance. Based on an observed temperature reading, the 
processor may be ramped down to a level that was predeter 
mined to mitigate thermal energy generation when the pro 
cessor is under a heavy workload. Notably, for lighter work 
loads that are less demanding on processing resources, 
throttling a processor's Voltage and frequency downto a level 
that was predetermined to mitigate thermal energy generation 
under a heavy workload may unnecessarily impact the quality 
of service (“OoS) provided to a user. Therefore, what is 
needed in the art is a system and method for adaptive thermal 
management in a PCD. More specifically, what is needed in 
the art is a system and method that, instead of making prede 
termined Static mitigation decisions that assume a worst use 
case scenario, determines thermal mitigation decisions at run 
time based on temperature readings and current frequency/ 
Voltage levels of individual processing components. 

SUMMARY OF THE DISCLOSURE 

0005 Various embodiments of methods and systems for 
adaptive thermal management techniques implemented in a 
portable computing device (“PCD) are disclosed. Notably, 
in many PCDs, temperature thresholds associated with vari 
ous components in the PCD such as, but not limited to, die 
junction temperatures, package on package ("PoP) memory 
temperatures and the “touch temperature of the external 
surfaces of the device itself limits the extent to which the 
performance capabilities of the PCD can be exploited. Gen 
erally, as more power is consumed by the various components 
of a PCD, the resulting generation of thermal energy can 
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cause the temperature thresholds to be exceeded, thereby 
necessitating that the performance of the PCD be sacrificed in 
an effort to reduce thermal energy generation. 
0006. It is an advantage of the various embodiments of 
methods and systems for adaptive thermal management that, 
when a temperature threshold is violated, the performance of 
the PCD is sacrificed only as much and for as long as neces 
sary to clear the violation before authorizing the thermally 
aggressive processing component(s) to return to a maximum 
operating power. One Such method for adaptive thermal man 
agement in a PCD includes at the outset defining a discrete 
number of performance levels for one or more processing 
components in the PCD. Each performance level is associated 
with a power frequency that may be Supplied to the one or 
more processing components. Each processing component is 
defaulted to running at its highest performance level. 
0007 Next, temperature thresholds associated with one or 
more temperature sensitive or critical components in the PCD 
are defined. Notably, because for many components in a PCD 
the amount of thermal energy generated directly correlates 
with the power level at which the component is allowed to 
run, these temperature thresholds may be viewed as “target' 
operating temperatures to which an adaptive thermal man 
agement system may seek to drive the processing components 
in the PCD. In some embodiments of an adaptive thermal 
management system and method, the temperature thresholds 
are associated with one or more components including a 
junction component, PoP memory component or outer shell 
component. 
0008. In operation, temperature sensors that may be used 
to measure or infer temperatures associated with the tempera 
ture sensitive components are monitored. Notably, one or 
121988 more of the temperature sensitive components may 
also be a thermally aggressive component—a non-limiting 
example of a temperature sensitive component that may also 
be a thermally aggressive component is a core in a central 
processing unit (the junction aspects of the core are tempera 
ture critical and the core, by virtue of processing a workload, 
consumes power and generates thermal energy). 
0009. In some embodiments, the temperature sensors are 
monitored for an interrupt signal that is triggered from the 
violation of an initial threshold that is less than any of the 
preset thermal thresholds associated with temperature sensi 
tive components. Upon receiving the interrupt, embodiments 
of the system may begin sampling readings from the sensors 
at time based intervals defined by a relatively slow sampling 
rate. If a temperature reading is taken at an interval that 
indicates that one or more of the temperature thresholds has 
been violated, then embodiments may leverage dynamic Volt 
age and frequency scaling (“DVFS) techniques to reduce the 
performance level of one or more thermally aggressive pro 
cessing components from the default maximum operating 
level to one level beneath maximum. At the next interval, the 
temperature readings are polled again and, if the violation has 
not been cleared, the performance level of the thermally 
aggressive component(s) is reduced to the next highest level. 
In this way, adaptive thermal management embodiments 
ensure that the processing power of any given processing 
component is only reduced as much as is required to keep 
temperatures below the thresholds. 
0010 Notably, in some embodiments, violation of a 
threshold associated with a “mission critical component, 
Such as a junction component, may trigger polling the sensors 
at a faster rate to ensure that the chances of thermal runaway 
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of the PCD is avoided. Additionally, in some embodiments, 
penalty periods may be imposed after reduction in power 
levels of thermally aggressive components successfully 
reduces thermal energy generation to a level that enables the 
threshold violation to be cleared. It is envisioned that penalty 
periods may be cumulative based on how often, or how 
quickly, the adaptive thermal management system requires 
thermally aggressive processing component(s) to enter, or 
reenter, a ramp down state in order to clear a temperature 
threshold violation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0011. In the drawings, like reference numerals refer to like 
parts throughout the various views unless otherwise indi 
cated. For reference numerals with letter character designa 
tions such as “102A or “102B, the letter character designa 
tions may differentiate two like parts or elements present in 
the same figure. Letter character designations for reference 
numerals may be omitted when it is intended that a reference 
numeral to encompass all parts having the same reference 
numeral in all figures. 
0012 FIG. 1 is a functional block diagram illustrating an 
embodiment of an on-chip system for implementing adaptive 
thermal management methodologies in a portable computing 
device (“PCD); 
0013 FIG. 2 is a functional block diagram illustrating an 
exemplary, non-limiting aspect of the PCD of FIG. 1 in the 
form of a wireless telephone for implementing methods and 
systems for adaptive thermal management of individual pro 
cessing components based on temperature readings and cur 
rent frequency/voltage levels at run time; 
0014 FIG.3A is a functional block diagram illustrating an 
exemplary spatial arrangement of hardware for the chip illus 
trated in FIG. 2; 
0015 FIG. 3B is a schematic diagram illustrating an 
exemplary software architecture of the PCD of FIG. 2 for 
adaptive thermal management; 
0016 FIG. 4 is a logical flowchart illustrating a method for 
adaptive management of thermal energy generation in the 
PCD of FIG.1; 
0017 FIG. 5 is an exemplary state diagram that illustrates 
various adaptive thermal management policy states triggered 
by temperature readings associated with various areas or 
components within the PCD of FIG. 1 and past behavior of 
processing components within the PCD of FIG. 1; 
0018 FIG. 6 is a diagram illustrating exemplary condi 
tions associated with the particular policy states illustrated in 
FIG. 5; and 
0019 FIG. 7 is a logical flowchart illustrating sub-method 
or Subroutines for applying dynamic Voltage and frequency 
scaling (“DVFS) thermal mitigation techniques. 

DETAILED DESCRIPTION 

0020. The word “exemplary” is used hereinto mean “serv 
ing as an example, instance, or illustration. Any aspect 
described herein as “exemplary' is not necessarily to be con 
Strued as exclusive, preferred or advantageous over other 
aspects. 
0021. In this description, the term “application” may also 
include files having executable content, such as: object code, 
Scripts, byte code, markup language files, and patches. In 
addition, an “application” referred to herein, may also include 
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files that are not executable in nature, such as documents that 
may need to be opened or other data files that need to be 
accessed. 
0022. As used in this description, the terms “component.” 
“database.” “module.” “system.” “thermal energy generating 
component,” “processing component' and the like are 
intended to refer to a computer-related entity, either hard 
ware, firmware, a combination of hardware and software, 
Software, or software in execution. For example, a component 
may be, but is not limited to being, a process running on a 
processor, a processor, an object, an executable, a thread of 
execution, a program, and/or a computer. By way of illustra 
tion, both an application running on a computing device and 
the computing device may be a component. One or more 
components may reside within a process and/or thread of 
execution, and a component may be localized on one com 
puter and/or distributed between two or more computers. In 
addition, these components may execute from various com 
puter readable media having various data structures stored 
thereon. The components may communicate by way of local 
and/or remote processes such as in accordance with a signal 
having one or more data packets (e.g., data from one compo 
nent interacting with another component in a local system, 
distributed system, and/or across a network Such as the Inter 
net with other systems by way of the signal). 
0023. In this description, the terms “central processing 
unit ('CPU"),” “digital signal processor (DSP").”“graphical 
processing unit (GPU"), and “chip' are used interchange 
ably. Moreover, a CPU, DSP GPU or a chip may be com 
prised of one or more distinct processing components gener 
ally referred to herein as “core(s). Additionally, to the extent 
that a CPU, DSP GPU, chip or core is a functional component 
within a PCD that consumes various levels of power to oper 
ate at various levels of functional efficiency, one of ordinary 
skill in the art will recognize that the use of these terms does 
not limit the application of the disclosed embodiments, or 
their equivalents, to the context of processing components 
within a PCD. That is, although many of the embodiments are 
described in the context of a processing component, it is 
envisioned that adaptive thermal management policies may 
be applied to any functional component within a PCD includ 
ing, but not limited to, a modem, a camera, a wireless network 
interface controller (“WNIC), a display, a video encoder, a 
peripheral device, a battery, etc. 
0024. In this description, it will be understood that the 
terms “thermal” and “thermal energy may be used in asso 
ciation with a device or component capable of generating or 
dissipating energy that can be measured in units of “tempera 
ture.” Consequently, it will further be understood that the term 
“temperature.” with reference to some standard value, envi 
sions any measurement that may be indicative of the relative 
warmth, or absence of heat, of a “thermal energy’ generating 
device or component. For example, the “temperature' of two 
components is the same when the two components are in 
“thermal equilibrium. 
0025. In this description, the terms “workload,” “process 
load' and “process workload are used interchangeably and 
generally directed toward the processing burden, or percent 
age of processing burden, associated with a given processing 
component in a given embodiment. Further to that which is 
defined above, a “processing component' or “thermal energy 
generating component' or “thermal aggressor may be, but is 
not limited to, a central processing unit, a graphical process 
ing unit, a core, a main core, a Sub-core, a processing area, a 
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hardware engine, etc. or any component residing within, or 
external to, an integrated circuit within a portable computing 
device. Moreover, to the extent that the terms “thermal load.” 
“thermal distribution.” “thermal signature.” “thermal pro 
cessing load and the like are indicative of workload burdens 
that may be running on a processor, one of ordinary skill in the 
art will acknowledge that use of these “thermal terms in the 
present disclosure may be related to process load distribu 
tions, workload burdens and power consumption. 
0026. In this description, the terms “thermal mitigation 
technique(s).” “thermal policies.” “thermal management.” 

throttling to a performance “thermal mitigation measure(s).'" 
level and the like are used interchangeably. Notably, one of 
ordinary skill in the art will recognize that, depending on the 
particular context of use, any of the terms listed in this para 
graph may serve to describe hardware and/or software oper 
able to increase performance at the expense of thermal energy 
generation, decrease thermal energy generation at the 
expense of performance, or alternate between Such goals. 
0027. In this description, the term “portable computing 
device” (“PCD) is used to describe any device operating on 
a limited capacity power Supply, such as a battery. Although 
battery operated PCDs have been in use for decades, techno 
logical advances in rechargeable batteries coupled with the 
advent of third generation (3G”) and fourth generation 
(“4G”) wireless technology have enabled numerous PCDs 
with multiple capabilities. Therefore, a PCD may be a cellular 
telephone, a satellite telephone, a pager, a PDA, a Smart 
phone, a navigation device, a Smartbook or reader, a media 
player, a combination of the aforementioned devices, a laptop 
computer with a wireless connection, among others. 
0028 Managing thermal energy generation in a PCD, 
without unnecessarily impacting quality of service ("OoS’), 
can be accomplished by leveraging one or more sensor mea 
Surements that correlate with the temperatures of siliconjunc 
tions in core(s), package on package ("PoP) memory com 
ponents, and the outer shell, i.e. 'skin.” of the PCD. By 
closely monitoring the temperatures associated with those 
components, an adaptive thermal policy manager module in a 
PCD may systematically and individually reduce perfor 
mance levels of thermally aggressive processing components 
one bin at a time in an effort to mitigate thermal energy 
generation and avoid critical temperature thresholds. Advan 
tageously, by targeting certain temperature points at which it 
is acceptable to operate specific components, instead of reac 
tively jumping to a reduced processing performance level 
predetermined to mitigate thermal energy generation in worst 
case scenarios, adaptive thermal management systems and 
methods can optimize QoS under any workload. Addition 
ally, and as one of ordinary skill in the art will recognize, 
because adaptive thermal management methods can be 
applied without regard for the specific mechanics of thermal 
energy dissipation in a given PCD under a given workload, 
engineers and designers may leverage an adaptive thermal 
management approach without consideration of a PCD's par 
ticular form factor. 
0029. Notably, although exemplary embodiments of adap 

tive thermal management methods are described herein in the 
context of cores within a central processing unit (“CPU”), 
application of adaptive thermal management methodologies 
are not limited to cores within a CPU. It is envisioned that 
embodiments of adaptive thermal management methods may 
be extended to any component that may reside within a sys 
tem on a chip (“SoC) and be operable at multiple perfor 
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mance levels such as, but not limited to, a graphical process 
ing unit (“GPU), a modem processor, a camera, etc. Further, 
it is envisioned that an adaptive thermal management algo 
rithm may be leveraged individually on any component 
within a SoC that may be operated a multiple performance 
levels. In such cases, it is also envisioned that each instance of 
a given adaptive thermal management algorithm on Such 
components of the SoC may share its own performance state 
with other instances in order to determine the best possible 
performance state for the SoC in general within the thermal 
constraints. 
0030. As a non-limiting example of how an adaptive ther 
mal management approach may be applied to a processing 
core in an exemplary PCD, assume that a discrete number of 
performance levels, P1, P2, P3, P4 . . . P15 (where P15 
represents a maximum performance level and P1 represents a 
lowest performance level) have been defined for the core. As 
one of ordinary skill in the art would understand, level P15 
may be associated with both a high QoS level and a high 
thermal energy generation level for a given workload burden. 
Similarly, for the same workload burden, level P1 may be 
associated with both a low QoS level and a low thermal 
energy generation level. Assume also that: 

0.031 a junction temperature limit threshold has been 
set at 125° C.; 

0.032 a critical junction temperature limit has been set 
at 145° C.: 

0033 a PoP memory temperature limit threshold has 
been set at 85°C.: 

0034 a PCD skin temperature limit threshold has been 
set at 55° C.: 

0035) an algorithm reset time, ALGO RESET TIME, 
has been set at 30 seconds; 

0036) a high sampling rate, HIGH SAMPLING 
RATE, has been set at 50 ms: 

0037 a low sampling rate, LOW SAMPLING has 
been set at 250 ms; and 

0038 a penalty quantity, PENALTY UNIT has been 
Set at 500 ms. 

0039. In the non-limiting example, sampling of tempera 
ture sensors associated, respectively, with die junctions, PoP 
memory components and PCD skin temperature begins after 
a preset initial threshold (lower than what would be recog 
nized as a violation of any POP skin or junction temperature 
threshold) is recognized to have been crossed. It is envisioned 
that, in some embodiments, triggering the initiation of sensor 
sampling may be accomplished by the use of interrupt based 
sensors. Once the interrupt is generated, an adaptive thermal 
management (ATM) module and/or monitor module in the 
PCD begins monitoring the designated temperature sensors at 
Some sampling rate, as explained below. Notably, as one of 
ordinary skill in the art will recognize, the various tempera 
ture sensors monitored in an adaptive thermal management 
system may generate temperature readings that closely indi 
cate actual temperatures of the components with which the 
sensors are associated or, in the alternative, may generate 
temperature readings from which actual temperatures of cer 
tain components may be inferred. 
0040. Returning to the non-limiting example, in the event 
of a recognized junction temperature violation, the ATM 
module may run at a highest possible sampling rate, HIGH 
SAMPLING RATE. For skin and POP temperature viola 
tions, the ATM module may run at a slower rate, LOW 
SAMPLING RATE. Notably, as will become clear in the 
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non-limiting example, in some embodiments the sampling 
rate may dictate the rate at which a processing component is 
clocked down. 

0041. When there are no violations and sampling has 
begun, the ATM module monitors the various temperature 
sensors at the LOW SAMPLING RATE. If a PoP or skin 
violation occurs in the absence of any junction violation, then 
the ATM module may continue at the LOW SAMPLING 
RATE. However, as soon as a junction violation occurs, the 
ATM module may change the sampling rate to the HIGH 
SAMPLING RATE. When all junction violations from all 
the processing components are cleared, the ATM module may 
return to the LOW SAMPLING RATE. 
0042. Before the initial temperature threshold mentioned 
above is exceeded, an exemplary core may be running at its 
maximum performance level, i.e. exemplary level P15. Even 
after the initial temperature threshold is exceeded, the core 
may continue to run at a P15 level so long as no junction, PoP 
or skin violation has been recorded. Notably, although the 
various embodiments described in this specification include 
temperature thresholds associated with junction, PoP and 
skin temperatures, it is envisioned that some embodiments of 
an adaptive thermal management system may not monitor 
junction, PoP and skin temperatures. That is, it is envisioned 
that some embodiments may monitor temperatures associ 
ated with other combinations of components and, as such, 
embodiments of an adaptive thermal management system and 
method will not be limited to specifically monitoring tem 
peratures associated with the exemplary combinations of 
components illustrated in this description. 
0043. Returning to the non-limiting example, prior to rec 
ognition of any temperature violation, the performance level 
of an exemplary processing core is P15. A temperature 
threshold is exceeded and so the ATM module causes a 
RAMP DOWN state to be entered. Depending on the sam 
pling rate at which the ATM module is currently running, in 
the RAMP DOWN state the performance level of the core is 
lowered one level at a time after each sampling interval until 
the temperature violation clears. So, Suppose for example, for 
a certain workload which caused the temperature of the skin 
to exceed 55° C., the performance level of the core may 
decrease from P15 to P12 in three cycles sampled at LOW 
SAMPLING RATE, thereby causing the skin violation to be 
cleared in a total time of 750 ms after which the violation was 
first observed. Similarly, if the violation had been a junction 
violation which required six levels of performance reduction 
before the thermal energy generated by the core was miti 
gated to a point that enabled the violation to clear, then the 
core would have gone from performance level P15 to perfor 
mance level P9 in 300 ms (in the event of a junction violation, 
the sampling rate would have changed to the 50 ms HIGH 
SAMPLING RATE). Once a safe performance level is 
reached, i.e. the maximum performance level at which the 
core may run without causing the given temperature threshold 
to be exceeded, a penalty timeout calculation may be applied, 
as explained below. 
0044) Notably, as one of ordinary skill in the art will rec 
ognize, clocking down the core can continue to occur only 
down to the P1 level. Once at the P1 performance level, the 
ATM module may elect to keep the core running at the P1 
level if the observed violation were just a skin and/or POP 
violation. In such an event, it is envisioned that all processing 
components Subject to the adaptive thermal management 
method may converge to their respective P1 performance 
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level. This converging to the lowest available performance 
level may occur for any number of reasons including, but not 
limited to, thresholds not being set correctly or the ambient 
temperature to which the PCD is exposed being so high that 
thermal energy cannot be dissipated at a rate that would 
enable the violations to be cleared by any means. If a junction 
temperature threshold limit, such as the exemplary 145° C. 
critical junction limit, is exceeded the ATM module may elect 
to power collapse the core in an effort to avoid permanent 
damage to the core. 
0045. In some embodiments, a penalty may be applied in 
the RAMP DOWN state only after clocking down has fin 
ished. So for example, after clearing the skin violation in the 
non-limiting example, the ATM module may cause a calcu 
lated penalty time to be spent before the core is authorized to 
go back to the P15 maximum performance level. In the 
example, the penalty duration was set for 500 ms so the ATM 
module will cause the core to remain at the last performance 
level of P12 for an additional 500 ms after the skin violation 
clears (i.e., 2 cycles at SLOW SAMPLING RATE). It is 
envisioned that some embodiments may not include a penalty 
period, however, other embodiments may include a preset, 
fixed penalty period. Still other embodiments may include a 
penalty period that accumulates in duration depending on 
how often and/or how long a core enters a RAMP DOWN 
State. 

0046. As one of ordinary skill in the art would recognize, 
in the RAMP DOWN state a system and method for adaptive 
thermal management may leverage means for throttling a 
core incrementally down to an optimum performance level. 
As more specifically described below, throttling strategies are 
various methods, applications and/or algorithms that may be 
employed by the PCD to increase its performance through 
adjustment of hardware and/or Software parameters, such as 
the clock speed of a central processing unit (“CPU”) or the 
like. Certain throttling strategies may increase performance 
of a PCD at the expense of increased thermal energy genera 
tion; however, certain other throttling strategies may mitigate 
a detrimental rise in operating temperature by reducing PCD 
performance. An exemplary throttling method that may be 
leveraged by an adaptive thermal management policy is a 
dynamic voltage and frequency scaling (“DVFS) method, 
described in more detail relative to FIG. 7. Even though the 
various exemplary embodiments described in this specifica 
tion utilize throttling methodologies, such as DVFS, to miti 
gate thermal energy generation by a thermally aggressive 
processing component, it is envisioned that systems and 
methods for adaptive thermal management will not be limited 
to using throttling techniques in an effort to target a Suitable 
operating temperature. That is, it is envisioned that some 
embodiments may additionally, or exclusively, leverage oper 
ating system level thermal mitigation techniques such as, but 
not limited to, workload shifting techniques. 
0047 FIG. 1 is a functional block diagram illustrating an 
exemplary embodiment of an on-chip system 102 for adap 
tive thermal management in a portable computing device 100. 
To set temperature thresholds for triggering the entry of a 
RAMP DOWN state in which a processing component, such 
as CPU 110, is throttled off its maximum performance level in 
an effort to mitigate thermal energy generation, the on-chip 
system 102 may leverage various sensors 157 for measuring 
temperatures associated with various components such as 
cores 222, 224, 226, 228, PoP memory 112A and PCD outer 
shell 24. Advantageously, by monitoring the temperatures 



US 2014/0006818 A1 

associated with the various components and incrementally 
throttling the performance levels of thermal aggressors 222, 
224, 226, 228, the QoS experienced by a user of the PCD 100 
may be optimized by avoiding unnecessary over-throttling. 
Moreover, the QoS experienced by a user of the PCD 100 may 
be further optimized by authorizing return to a maximum 
performance level at the earliest reasonable opportunity. 
0048. In general, the system employs two main modules 
which, in Some embodiments, may be contained in a single 
module: (1) an adaptive thermal management (ATM) mod 
ule 101 for analyzing temperature readings monitored by a 
monitor module 114 (notably, monitor module 114 and ATM 
module 101 may be one and the same in some embodiments) 
and triggering entry into and out of a RAMP DOWN policy 
state; and (2) a DVFS module 26 for implementing incremen 
tal throttling strategies on individual processing components 
according to instructions received from ATM module 101. 
Advantageously, embodiments of the system and method that 
include the two main modules leverage temperature data to 
optimize the performance level authorized for components 
110 within the PCD 100 without risking thermal degradation 
to other components within the PCD 100 or exceeding critical 
temperature thresholds. 
0049 FIG. 2 is a functional block diagram illustrating an 
exemplary, non-limiting aspect of the PCD 100 of FIG. 1 in 
the form of a wireless telephone for implementing methods 
and systems for adaptive thermal management of individual 
processing components based on temperature readings and 
current frequency/voltage levels recognized at run time. As 
shown, the PCD 100 includes an on-chip system 102 that 
includes a multi-core central processing unit (“CPU”) 110 
and an analog signal processor 126 that are coupled together. 
The CPU 110 may comprise a zeroth core 222, a first core 
224, and an Nth core 230 as understood by one of ordinary 
skill in the art. Further, instead of a CPU 110, a digital signal 
processor (“DSP) may also be employed as understood by 
one of ordinary skill in the art. 
0050. In general, the dynamic voltage and frequency scal 
ing (“DVFS) module 26 may be responsible for implement 
ing throttling techniques to individual processing compo 
nents, such as cores 222, 224, 230 in an incremental fashion 
to help a PCD 100 optimize its power level and maintain a 
high level of functionality without detrimentally exceeding 
certain temperature thresholds. 
0051. The monitor module 114 communicates with mul 
tiple operational sensors (e.g., thermal sensors 157A, 157B) 
distributed throughout the on-chip system 102 and with the 
CPU 110 of the PCD 100 as well as with the ATM module 
101. In some embodiments, monitor module 114 may also 
monitor skin temperature sensors 157C for temperature read 
ings associated with a touch temperature of PCD 100. In other 
embodiments, monitor module 114 may infer touch tempera 
tures based on a likely delta with readings taken by on chip 
temperature sensors 157A, 157B. The ATM module 101 may 
work with the monitor module 114 to identify temperature 
thresholds that have been exceeded and instruct the applica 
tion of throttling strategies to identified components within 
chip 102 in an effort to reduce the temperatures. 
0052. As illustrated in FIG. 2, a display controller 128 and 
a touchscreen controller 130 are coupled to the digital signal 
processor 110. A touch screen display 132 external to the 
on-chip system 102 is coupled to the display controller 128 
and the touch screen controller 130. PCD 100 may further 
include a video encoder 134, e.g., a phase-alternating line 
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(“PAL”) encoder, a sequential couleur avec memoire (“SE 
CAM) encoder, a national television system(s) committee 
(“NTSC) encoder or any other type of video encoder 134. 
The video encoder 134 is coupled to the multi-core central 
processing unit (“CPU”) 110. A video amplifier 136 is 
coupled to the video encoder 134 and the touchscreen display 
132. A video port 138 is coupled to the video amplifier 136. 
As depicted in FIG. 2, a universal serial bus (“USB) control 
ler 140 is coupled to the CPU 110. Also, a USB port 142 is 
coupled to the USB controller 140. A memory 112 and a 
subscriber identity module (SIM) card 146 may also be 
coupled to the CPU 110. Further, as shown in FIG. 2, a digital 
camera 148 may be coupled to the CPU 110. In an exemplary 
aspect, the digital camera 148 is a charge-coupled device 
(“CCD) camera or a complementary metal-oxide semicon 
ductor (“CMOS) camera. 
0053 As further illustrated in FIG. 2, a stereo audio 
CODEC 150 may be coupled to the analog signal processor 
126. Moreover, an audio amplifier 152 may be coupled to the 
stereo audio CODEC 150. In an exemplary aspect, a first 
stereo speaker 154 and a second stereo speaker 156 are 
coupled to the audio amplifier 152. FIG. 2 shows that a 
microphone amplifier 158 may also be coupled to the stereo 
audio CODEC 150. Additionally, a microphone 160 may be 
coupled to the microphone amplifier 158. In a particular 
aspect, a frequency modulation (“FM”) radio tuner 162 may 
be coupled to the stereo audio CODEC 150. Also, an FM 
antenna 164 is coupled to the FM radio tuner 162. Further, 
stereo headphones 166 may be coupled to the stereo audio 
CODEC 150. 

0054 FIG. 2 further indicates that a radio frequency 
(“RF) transceiver 168 may be coupled to the analog signal 
processor 126. An RF switch 170 may be coupled to the RF 
transceiver 168 and an RF antenna 172. As shown in FIG. 2, 
a keypad 174 may be coupled to the analog signal processor 
126. Also, a mono headset with a microphone 176 may be 
coupled to the analog signal processor 126. Further, a vibrator 
device 178 may be coupled to the analog signal processor 
126. FIG. 2 also shows that a power supply 188, for example 
a battery, is coupled to the on-chip system 102 through PMIC 
180. In a particular aspect, the power Supply includes a 
rechargeable DC battery or a DC power supply that is derived 
from an alternating current (AC) to DC transformer that is 
connected to an AC power source. 
0055. The CPU 110 may also be coupled to one or more 
internal, on-chip thermal sensors 157A as well as one or more 
external, off-chip thermal sensors 157C. The on-chip thermal 
sensors 157A may comprise one or more proportional to 
absolute temperature (“PTAT) temperature sensors that are 
based on vertical PNP structure and are usually dedicated to 
complementary metal oxide semiconductor (“CMOS) very 
large-scale integration (“VLSI) circuits. The off-chip ther 
mal sensors 157C may comprise one or more thermistors. The 
thermal sensors 157C may produce a voltage drop that is 
converted to digital signals with an analog-to-digital con 
verter (ADC) controller 103. However, other types of ther 
mal sensors 157A, 157B, 157C may be employed without 
departing from the scope of the invention. 
0056. The DVFS module(s) 26 and ATM module(s) 101 
may comprise software which is executed by the CPU 110. 
However, the DVFS module(s) 26 and ATM module(s) 101 
may also be formed from hardware and/or firmware without 
departing from the scope of the invention. The ATM module 
(s) 101 in conjunction with the DVFS module(s) 26 may be 
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responsible for applying throttling policies that may help a 
PCD 100 avoid thermal degradation while maintaining a high 
level of functionality and user experience. 
0057 The touch screen display 132, the video port 138, 
the USB port 142, the camera 148, the first stereo speaker 154, 
the second stereo speaker 156, the microphone 160, the FM 
antenna 164, the stereo headphones 166, the RF switch 170, 
the RF antenna 172, the keypad 174, the mono headset 176, 
the vibrator 178, the power supply 188, the PMIC 180 and the 
thermal sensors 157C are external to the on-chip system 102. 
However, it should be understood that the monitor module 
114 may also receive one or more indications or signals from 
one or more of these external devices by way of the analog 
signal processor 126 and the CPU 110 to aid in the real time 
management of the resources operable on the PCD 100. 
0058. In a particular aspect, one or more of the method 
steps described herein may be implemented by executable 
instructions and parameters stored in the memory 112 that 
form the one or more ATM module(s) 101 and DVFS module 
(s) 26. These instructions that form the module(s) 101, 26 
may be executed by the CPU 110, the analog signal processor 
126, or another processor, in addition to the ADC controller 
103 to perform the methods described herein. Further, the 
processors 110, 126, the memory 112, the instructions stored 
therein, or a combination thereof may serve as a means for 
performing one or more of the method steps described herein. 
0059 FIG.3A is a functional block diagram illustrating an 
exemplary spatial arrangement of hardware for the chip 102 
illustrated in FIG. 2. According to this exemplary embodi 
ment, the applications CPU 110 is positioned on the far left 
side region of the chip 102 while the modem CPU 168,126 is 
positioned on a far right side region of the chip 102. The 
applications CPU 110 may comprise a multi-core processor 
that includes a zeroth core 222, a first core 224, and an Nth 
core 230. The applications CPU 110 may be executing an 
ATM module 101A and/or DVFS module 26A (when embod 
ied in software) or it may include an ATM module 101A 
and/or DVFS module 26A (when embodied in hardware). 
The application CPU 110 is further illustrated to include 
operating system (“O/S) module 207 and a monitor module 
114. Further details about the monitor module 114 will be 
described below in connection with FIG. 3B. 
0060. The applications CPU 110 may be coupled to one or 
more phase locked loops (“PLLs”) 209A, 209B, which are 
positioned adjacent to the applications CPU 110 and in the 
left side region of the chip 102. Adjacent to the PLLs 209A, 
209B and below the applications CPU 110 may comprise an 
analog-to-digital (ADC) controller 103 that may include its 
own adaptive thermal manager module 101B and/or DVFS 
module 26B that works in conjunction with the main modules 
101A, 26A of the applications CPU 110. 
0061. The adaptive thermal manager 101B of the ADC 
controller 103 may be responsible for monitoring and track 
ing multiple thermal sensors 157 that may be provided “on 
chip'102 and “off-chip'102. The on-chip or internal thermal 
sensors 157A, 157B may be positioned at various locations 
and associated with thermal aggressor(s) proximal to the 
locations (such as with sensor 157A3 next to second and third 
thermal graphics processors 135B and 135C) or temperature 
sensitive components (such as with sensor 157B1 next to 
memory 112). 
0062. As a non-limiting example, a first internal thermal 
sensor 157B1 may be positioned in a top center region of the 
chip 102 between the applications CPU 110 and the modem 
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CPU 168,126 and adjacent to internal memory 112. A second 
internal thermal sensor 157A2 may be positioned below the 
modem CPU 168, 126 on a right side region of the chip 102. 
This second internal thermal sensor 157A2 may also be posi 
tioned between an advanced reduced instruction set computer 
(“RISC) instruction set machine (ARM) 177 and a first 
graphics processor 135A. A digital-to-analog controller 
(“DAC) 173 may be positioned between the second internal 
thermal sensor 157A2 and the modem CPU 168, 126. 
0063 A third internal thermal sensor 157A3 may be posi 
tioned between a second graphics processor 135B and a third 
graphics processor 135C in a far right region of the chip 102. 
A fourth internal thermal sensor 157A4 may be positioned in 
a far right region of the chip 102 and beneath a fourth graphics 
processor 135D. And a fifth internal thermal sensor 157A5 
may be positioned in a far left region of the chip 102 and 
adjacent to the PLLs 209 and ADC controller 103. 
0064 One or more external thermal sensors 157C may 
also be coupled to the ADC controller 103. The first external 
thermal sensor 157C1 may be positioned off-chip and adja 
cent to a top right quadrant of the chip 102 that may include 
the modem CPU 168, 126, the ARM 177, and DAC 173. A 
second external thermal sensor 157C2 may be positioned 
off-chip and adjacent to a lower right quadrant of the chip 102 
that may include the third and fourth graphics processors 
135C, 135D. Notably, one or more of external thermal sen 
sors 157C may be leveraged to indicate the touch temperature 
of the PCD 100, i.e. the temperature that may be experienced 
by a user in contact with the PCD 100. 
0065 One of ordinary skill in the art will recognize that 
various other spatial arrangements of the hardware illustrated 
in FIG.3A may be provided without departing from the scope 
of the invention. FIG.3A illustrates yet one exemplary spatial 
arrangement and how the main ATM and DVFS modules 
101A, 26A and ADC controller 103 with its ATM and DVFS 
modules 101B, 26B may recognize thermal conditions that 
are a function of the exemplary spatial arrangement illus 
trated in FIG.3A, compare temperature thresholds with oper 
ating temperatures and/or touch temperatures and apply 
incremental throttling policies. 
0.066 FIG. 3B is a schematic diagram illustrating an 
exemplary software architecture of the PCD 100 of FIG.2 and 
FIG. 3A for Supporting application of adaptive thermal man 
agement policies based on temperature thresholds. Any num 
ber of algorithms may form or be part of at least one thermal 
management policy that may be applied by the ATM module 
101 when certain thermal conditions are met, however, in a 
preferred embodiment the ATM module 101 works with the 
DVFS module 26 to incrementally apply voltage and fre 
quency Scaling policies to individual thermal aggressors in 
chip 102 including, but not limited to, cores 222,224 and 230. 
0067. As illustrated in FIG.3B, the CPU or digital signal 
processor 110 is coupled to the memory 112 via a bus 211. 
The CPU 110, as noted above, is a multiple-core processor 
having N core processors. That is, the CPU 110 includes a first 
core 222, a second core 224, and an N” core 230. As is known 
to one of ordinary skill in the art, each of the first core 222, the 
second core 224 and the N" core 230 are available for sup 
porting a dedicated application or program. Alternatively, one 
or more applications or programs can be distributed for pro 
cessing across two or more of the available cores. 
0068. The CPU 110 may receive commands from the ATM 
module(s) 101 and/or DVFS module(s) 26 that may comprise 
software and/or hardware. If embodied as software, the mod 
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ule(s) 101, 26 comprise instructions that are executed by the 
CPU 110 that issues commands to other application programs 
being executed by the CPU 110 and other processors. 
0069. The first core 222, the second core 224 through to 
the Nth core 230 of the CPU 110 may be integrated on a single 
integrated circuit die, or they may be integrated or coupled on 
separate dies in a multiple-circuit package. Designers may 
couple the first core 222, the second core 224 through to the 
N" core 230 via one or more shared caches and they may 
implement message or instruction passing via network 
topologies such as bus, ring, mesh and crossbar topologies. 
0070 Bus 211 may include multiple communication paths 
via one or more wired or wireless connections, as is known in 
the art. The bus 211 may have additional elements, which are 
omitted for simplicity, such as controllers, buffers (caches), 
drivers, repeaters, and receivers, to enable communications. 
Further, the bus 211 may include address, control, and/or data 
connections to enable appropriate communications among 
the aforementioned components. 
(0071. When the logic used by the PCD 100 is imple 
mented in software, as is shown in FIG. 
0072 3B, it should be noted that one or more of startup 
logic 250, management logic 260, adaptive thermal manage 
ment interface logic 270, applications in application store 280 
and portions of the file system 290 may be stored on any 
computer-readable medium for use by, or in connection with, 
any computer-related system or method. 
0073. In the context of this document, a computer-read 
able medium is an electronic, magnetic, optical, or other 
physical device or means that can contain or store a computer 
program and data for use by or in connection with a computer 
related system or method. The various logic elements and 
data stores may be embodied in any computer-readable 
medium for use by or in connection with an instruction execu 
tion system, apparatus, or device. Such as a computer-based 
system, processor-containing system, or other system that 
can fetch the instructions from the instruction execution sys 
tem, apparatus, or device and execute the instructions. In the 
context of this document, a "computer-readable medium' can 
be any means that can store, communicate, propagate, or 
transport the program for use by or in connection with the 
instruction execution system, apparatus, or device. 
0074 The computer-readable medium can be, for example 
but not limited to, an electronic, magnetic, optical, electro 
magnetic, infrared, or semiconductor system, apparatus, 
device, or propagation medium. More specific examples (a 
non-exhaustive list) of the computer-readable medium would 
include the following: an electrical connection (electronic) 
having one or more wires, a portable computer diskette (mag 
netic), a random-access memory (RAM) (electronic), a read 
only memory (ROM) (electronic), an erasable programmable 
read-only memory (EPROM, EEPROM, or Flash memory) 
(electronic), an optical fiber (optical), and a portable compact 
disc read-only memory (CDROM) (optical). Note that the 
computer-readable medium could even be paper or another 
Suitable medium upon which the program is printed, as the 
program can be electronically captured, for instance via opti 
cal scanning of the paper or other medium, then compiled, 
interpreted or otherwise processed in a suitable manner if 
necessary, and then stored in a computer memory. 
0075. In an alternative embodiment, where one or more of 
the startup logic 250, management logic 260 and perhaps the 
adaptive thermal management interface logic 270 are imple 
mented in hardware, the various logic may be implemented 
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with any or a combination of the following technologies, 
which are each well known in the art: a discrete logic circuit 
(s) having logic gates for implementing logic functions upon 
data signals, an application specific integrated circuit (ASIC) 
having appropriate combinational logic gates, a program 
mable gate array(s) (PGA), a field programmable gate array 
(FPGA), etc. 
0076. The memory 112 is a non-volatile data storage 
device Such as a flash memory or a solid-state memory device. 
Although depicted as a single device, the memory 112 may be 
a distributed memory device with separate data stores 
coupled to the digital signal processor 110 (or additional 
processor cores). 
0077. The startup logic 250 includes one or more execut 
able instructions for selectively identifying, loading, and 
executing a select program for managing or controlling the 
performance of one or more of the available cores such as the 
first core 222, the second core 224 through to the N" core 230. 
The startup logic 250 may identify, load and execute a select 
program based on the comparison, by the ATM module 101, 
of various temperature measurements with threshold tem 
perature settings associated with a PCD component or aspect. 
An exemplary select program can be found in the program 
store 296 of the embedded file system 290 and is defined by a 
specific combination of a performance Scaling algorithm 297 
and a set of parameters 298. The exemplary select program, 
when executed by one or more of the core processors in the 
CPU 110 may operate in accordance with one or more signals 
provided by the monitor module 114 in combination with 
control signals provided by the one or more ATM module(s) 
101 and DVFS module(s) 26 to scale the performance of the 
respective processor core “up' or “down. In this regard, the 
monitor module 114 may provide one or more indicators of 
events, processes, applications, resource status conditions, 
elapsed time, as well as temperature as received from the 
ATM module 101. 
0078. The management logic 260 includes one or more 
executable instructions for terminating a thermal manage 
ment program on one or more of the respective processor 
cores, as well as selectively identifying, loading, and execut 
ing a more Suitable replacement program for managing or 
controlling the performance of one or more of the available 
cores. The management logic 260 is arranged to perform 
these functions at run time or while the PCD 100 is powered 
and in use by an operator of the device. A replacement pro 
gram can be found in the program store 296 of the embedded 
file system 290 and, in some embodiments, may be defined by 
a specific combination of a performance Scaling algorithm 
297 and a set of parameters 298. 
007.9 The replacement program, when executed by one or 
more of the core processors in the digital signal processor 
may operate in accordance with one or more signals provided 
by the monitor module 114 or one or more signals provided 
on the respective control inputs of the various processor cores 
to scale the performance of the respective processor core. In 
this regard, the monitor module 114 may provide one or more 
indicators of events, processes, applications, resource status 
conditions, elapsed time, temperature, etc in response to con 
trol signals originating from the ATM 101. 
0080. The interface logic 270 includes one or more execut 
able instructions for presenting, managing and interacting 
with external inputs to observe, configure, or otherwise 
update information stored in the embedded file system 290. In 
one embodiment, the interface logic 270 may operate in con 
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junction with manufacturer inputs received via the USB port 
142. These inputs may include one or more programs to be 
deleted from or added to the program store 296. Alternatively, 
the inputs may include edits or changes to one or more of the 
programs in the program Store 296. Moreover, the inputs may 
identify one or more changes to, or entire replacements of one 
or both of the startup logic 250 and the management logic 
260. By way of example, the inputs may include a change to 
the management logic 260 that instructs the PCD 100 to 
suspend all performance scaling in the RF transceiver 168 
when the received signal power falls below an identified 
threshold. By way of further example, the inputs may include 
a change to the management logic 260 that instructs the PCD 
100 to apply a desired program when the video codec 134 is 
active. 

0081. The interface logic 270 enables a manufacturer to 
controllably configure and adjust an end user's experience 
under defined operating conditions on the PCD 100. When 
the memory 112 is a flash memory, one or more of the startup 
logic 250, the management logic 260, the interface logic 270, 
the application programs in the application store 280 or infor 
mation in the embedded file system 290 can be edited, 
replaced, or otherwise modified. In some embodiments, the 
interface logic 270 may permit an end user or operator of the 
PCD 100 to search, locate, modify or replace the startup logic 
250, the management logic 260, applications in the applica 
tion store 280 and information in the embedded file system 
290. The operator may use the resulting interface to make 
changes that will be implemented upon the next startup of the 
PCD 100. Alternatively, the operator may use the resulting 
interface to make changes that are implemented during run 
time. 

I0082. The embedded file system 290 includes a hierarchi 
cally arranged thermal technique store 292. In this regard, the 
file system 290 may include a reserved section of its total file 
system capacity for the storage of information for the con 
figuration and management of the various parameters 298 and 
thermal management algorithms 297 used by the PCD 100. 
As shown in FIG.3B, the store 292 includes a core store 294, 
which includes a program store 296, which includes one or 
more thermal management programs. 
I0083 FIG. 4, which includes FIGS. 4A-4D, is a logical 
flowchart illustrating a method 400 for adaptive management 
of thermal energy generation in the PCD 100. Method 400 of 
FIG. 4 starts with a first block 402 in which initial parameters 
are set. The parameters include a reset time parameter, high 
and low sampling rates, penalty time unit and temperature 
thresholds. Once the parameters are set, at block 404 an 
adaptive thermal management module 101 may work in con 
junction with monitor module 114 to monitor the various 
temperature threshold parameters. In an exemplary embodi 
ment, the temperature thresholds may be associated with core 
junctions, PoP memory components and skin temperature of 
the PCD 100. 

0084 As the sensors associated with the various tempera 
ture thresholds are monitored at block 404, at decision block 
406 it is determined whether an initial threshold has been 
exceeded. The initial threshold may be significantly lower 
than any temperature threshold associated with a junction, 
PoPorskin aspect. If the initial threshold has not be exceeded, 
the 'no' branch is followed back to block 404 and the sensors 
are further monitored. If the initial threshold is violated, an 
interrupt signal is sent to the monitor module 114 and/or ATM 
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module 101 and the “yes” branch is followed to block 408. At 
block 408, sampling of the various sensors 157 is initiated at 
a low sampling rate. 
I0085. With the sensors being monitored at a low sampling 
rate at block 408, the junction temperature, PoP temperature 
and/or skin temperature are compared to their respective pre 
set thresholds. If at decision blocks 410 and 412 it is verified 
that none of the junction, PoP and/or touch temperature 
thresholds have been exceeded, the 'no' branches are fol 
lowed to block 414 and the sensors are sampled again at the 
next interval. Notably, as one of ordinary skill in the art would 
recognize, the interval duration is dictated by the sampling 
rate which, at block 414, remains as a low sampling rate. At 
decision block 416, after the additional time interval of block 
414, if it is determined that the initial threshold violation 
cleared, then the “yes” branch is followed to block 418 and 
the sampling effort ends. Notably, to this point in method 400, 
an exemplary core has been running at a maximum perfor 
mance level. 
I0086 Returning to decision block 416, if it is determined 
that the initial temperature threshold violation has not been 
cleared, the 'no' branch is followed back to decision blocks 
410 and 412. Assuming that there are still no junction, PoP 
and/or skin temperature violations at decision blocks 410 and 
412, the cycle repeats for another interval at the low sampling 
rate. Ifat decision block 410, however, it is determined that a 
junction temperature limit has been exceeded, then the “yes” 
branch is followed to block 420 (FIG. 4B). Similarly, if at 
decision block 412 it is determined that a PoP or skin tem 
perature limit has been violated, the “yes” branch is followed 
to block 438 (FIG. 4C). 
I0087 Assuming for now that no junction limit has been 
violated but a PoP and/or skin temperature limit has been 
violated, the method 400 proceeds from decision block 412 to 
block 438 where the exemplary processing core is throttled 
from a maximum performance level an immediately lesser 
performance level. The sampling rate continues at the low 
sampling rate and, at the next interval, decision block 440 
inquires as to whether the PoP and/or skin temperature 
threshold violation has been cleared. That is, given that the 
performance level of the exemplary core was reduced one bin 
from the default maximum performance level, at decision 
block 440 it is determined whether such reduction in power 
consumption was adequate to mitigate the thermal energy 
generation Such that the temperature reading fell back below 
the threshold. If the threshold violation cleared, then the 
“yes” branch is followed to block 448 and the reduced per 
formance level is maintained for a period of time equal to the 
penalty period configured in block 402. Notably, in some 
embodiments, it is envisioned that the penalty period may not 
be imposed at this point in the method 400 because the work 
load was not heavy enough to warrant a severe, multi-level 
throttling of the exemplary core before being allowed to 
increase back to its maximum performance level at block 450. 
I0088 Regarding the penalty period, it is envisioned that 
Some embodiments may not leverage a penalty period at all. 
Other embodiments may impose a penalty period when only 
certain conditions are met Such as, but not limited to, reentry 
into the RAMP DOWN state before a reset period expires. 
Still other embodiments may increase the penalty period as 
the adaptive thermal management methodology progresses 
through the processing of various workloads. 
I0089. Returning to the method 400, if at decision block 
440 it is determined that the PoP and/or skin temperature 
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threshold violation has not cleared after the sampling interval, 
the 'no' branch is followed to decision block 442 and it is 
determined whether a next lower power level is available for 
the exemplary core. If so, then the core remains in the RAMP 
DOWN state and the power level of the exemplary core is 
reduced by an additional single bin at block 444. The sam 
pling continues at the low sampling rate for an additional 
interval at block 446 and the method returns to decision block 
440 where the thresholds are checked again for clearance. 
0090. If at decision block 442 it is determined that a next 
lower performance level is not available for the exemplary 
processing component, i.e. the ramp down cycle has contin 
ued without clearing the temperature violation until the pro 
cessor is running at its lowest available power level, then the 
“no” branch is followed to block 452 and the lowest perfor 
mance level is maintained. The PoP and/or touch temperature 
violation(s) are continually checked at the low sample rate 
intervals at decision block 454 until all are cleared. Once all 
PoP and/or touch temperature violations are cleared, the 
“yes” branch is followed from decision block 454 to block 
448. As described above, at block 448 the penalty period, if 
any, is imposed and the exemplary processing component 
remains at its lowest power level for the duration of the 
penalty period before receiving authorization to increase 
back to its maximum performance level at block 450. 
0091. Once the exemplary core is allowed to exit the 
RAMP DOWN state at block 450 and increase its power 
level back to a maximum, the method 400 proceeds to block 
456 of FIG. 4D. At block 456, certain methods for adaptive 
thermal management may impose a reset period that was 
configured at block 402. During the reset period, at block 458, 
the various temperature sensors 157 are monitored and their 
readings compared against the associated temperature thresh 
olds. Ifat decision block 460, it is determined that the thresh 
olds were not violated during the reset period, then the “no' 
branch is followed to block 462 and any penalty period that 
may have accumulated to that point is cleared and the process 
returns to block 404 of FIG. 4A. If, however, at decision block 
460 it is determined that any of the various thresholds are 
violated prior to the reset period ending, then the penalty 
period may be increased at block 464 by the penalty value. 
0092. In this way, aheavy workload that causes a tempera 
ture threshold to be violated almost immediately after the 
core is authorized to exit the RAMP DOWN state will influ 
ence the duration that the core remains in the RAMP DOWN 
state upon reentry, thereby steadily increasing opportunity for 
thermal energy dissipation until the workload is completed. 
Subsequent to block 464, the method 400 proceeds to either 
block 420 or block 438. Notably, if the temperature threshold 
that was violated prior to the reset period terminating was 
either a PoP or skin temperature threshold, then the process 
returns to block 438 of FIG. 4C and the method proceeds as 
described above, with the exception that any penalty period 
imposed at block 448 will have been increased as a result of 
the action taken at block 464. If, however, the temperature 
threshold that was violated prior to the reset period terminat 
ing was a junction temperature threshold, then the process 
returns to block 420 of FIG. 4B and the method proceeds as 
will be described below, with the exception that any penalty 
period imposed at block 434 will be increased as a result of 
the action taken at block 464. 

0093. Returning to decision block 410 of FIG. 4A, if the 
junction temperature threshold is exceeded, then the “yes” 
branch is followed to block 420 of FIG. 4B. Notably, as one of 
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ordinary skill in the art will understand, temperatures associ 
ated with junction aspects of processing components in a 
PCD may be critical to the health of the PCD. 
(0094. At block 420, the power level of the exemplary core 
is reduced by one level and the temperature sensor 157A 
associated with the junction of the core is sampled at a high 
sampling rate. After one sample interval, the temperatures 
sensor 157A is checked to determine whether the junction 
limit violation cleared as a result of the reduced power level. 
If not, the 'no' branch is followed to decision block 424 and 
it is determined whether a higher, more critical threshold has 
been exceeded in the meantime. Notably, under a thermal 
runaway condition, for example, the temperature of the core 
could continue to rise regardless of the reduction in power 
level to the core. If a critical temperature level has been 
exceeded, the “yes” branch is followed from decision block 
424 to block 436 and the power to the core is collapsed. By 
shutting the core down at block 436, thermal degradation of 
the core may be avoided and the health of the PCD main 
tained. 
0.095 Returning to decision block 424, if the critical 
threshold has not been violated (yet the junction threshold 
violation has not cleared per block 422) then the “no branch 
is followed to decision block 426. At decision block 426 it is 
determined whether a lower performance level is available 
and, if so, the “yes” branch is followed to block 428. If not, the 
“no” branch is followed to block 436 and the core is power 
collapsed. In some embodiments, the core may be maintained 
at the lowest level in lieu of power collapsing in the hope that 
the junction threshold violation may Subsequently clear. 
0096. If a next lowerpower level is available and applied at 
block 428 then at block 430 the high sampling rate is contin 
ued and the process returns to decision block 422. If at any 
time at decision block 422 it is determined that the junction 
temperature threshold violation clears, then the “yes” branch 
is followed to decision block 432. At decision block 432, it is 
determined whether there remains a PoP and/or touch tem 
perature violation and, if so, the “yes” branch is followed 
back to block 438 of FIG. 4C (described above). If no PoP 
and/or skin temperature violation is recognized at decision 
block 432 (i.e., all violations have cleared), then the “no” 
branch is followed to block 434. At block 434, the perfor 
mance level to which the exemplary core was reduced during 
the RAMP DOWN period is maintained for the penalty 
period. At the end of the penalty period, at block 435 the 
exemplary processing component is authorized to exit the 
RAMP DOWN period and resume processing workloads at 
its maximum power level. The process returns to block 456 of 
FIG. 4D for application of the reset period and possible 
adjustment of a Subsequent penalty period. 
(0097 FIG. 5 is an exemplary state diagram 500 that illus 
trates various adaptive thermal management policy States 
505, 510, 515 triggered by temperature readings associated 
with sensors 157 within the PCD of FIG. 1. The first policy 
state 505 may comprise a MAX PERF state in which the 
ATM module 101 has authorized an exemplary processing 
component to process workloads at a maximum performance 
level. As described above, the processing component may 
remain in the MAX PERF state unless and until a tempera 
ture threshold violation is recognized. 
0098. In the event that a temperature threshold violation is 
recognized while a processing component is in the MAX 
PERF state, the ATM module 101 may instruct the processing 
component to enter the second policy state 510 and ramp 
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down its performance level by one bin. In the RAMP DOWN 
state, the power level of the processing component is system 
atically and incrementally reduced until thermal energy gen 
eration by the component reaches a level that allows the 
observed threshold violation to clear. Once all violations are 
cleared, the processing component may be authorized to exit 
the RAMP DOWN state and increase its power level back to 
maximum. 
0099. When in the RAMP DOWN policy state, the ATM 
module 101 may work with a DVFS module 26 to continue to 
take the performance level of the processing component 
down one bin at a time until the highest power consumption 
level at which the thermally aggressive processing compo 
nent may operate without causing a temperature violation is 
determined In this way, it is an advantage of adaptive thermal 
management systems and methods that user experience and 
QoS may be optimized regardless of PCD form factor or 
specific workload being processed. 
0100 If one or more temperature thresholds are not 
cleared as a result of the reduced power levels in the RAMP 
DOWN state, the processing component may be instructed by 
the ATM module 101 to enter the third policy state 515, 
CORE OFF and power collapse. A processing component 
may be power collapsed in an effort to avoid thermal runaway 
and permanent thermal degradation to the component. Sub 
sequent to being power collapsed in the CORE OFF state, the 
processing component may be rebooted to MAX PERF state 
after all violations have cleared. 
0101 FIG. 6 is a diagram illustrating exemplary condi 
tions associated with the particular policy states 505,510,515 
illustrated in FIG. 5. While in the MAX PERF state 505, a 
processing component may be contributing to temperature 
conditions that exceed an initial threshold but no temperature 
has been recognized as exceeding a thermal threshold asso 
ciated with a junction limit, PoP memory limit and/or touch 
temperature limit. Accordingly, the processing component 
may run at full power and frequency, thus processing work 
loads at its highest efficiency. The MAX PERF state 505 is 
characterized by low sampling rates, if any sampling rate, and 
high QoS and user experience. 
0102) In the second RAMP DOWN state 510, a tempera 
ture threshold may have been exceeded such that reducing 
power to the processing component is warranted in an effort 
to reduce the thermal energy generation and clear the tem 
perature violation. As described above, the power level may 
be incrementally reduced until the violation is cleared. In this 
way, the maximum processing level at which the processor 
may operate without causing the given temperature threshold 
to be violated is determined A processing component in the 
second RAMP DOWN state 510 may remain in the RAMP 
DOWN state 510 for a penalty period after all temperature 
violations have been cleared. The RAMP DOWN state510 is 
characterized by reduced QoS and user experience, although 
the QoS is optimized in light of the temperature conditions 
sought to be managed. 
(0103) In the third CORE OFF state 510, a processing 
component may be power collapsed in an effort to avoid 
permanent damage to the component or other components 
within PCD 100. In certain embodiments, a processing com 
ponent may enter the CORE OFF state 515 as a result of a 
junction temperature limit being exceeded without clearing in 
the RAMP DOWN state 510. 
0104 FIG. 7 is a logical flowchart illustrating sub-method 
or subroutine 420, 438 for applying dynamic voltage and 
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frequency scaling (“DVFS) thermal mitigation techniques. 
As described above, DVFS techniques may be leveraged by 
an ATM module 101 in the application of adaptive thermal 
management policies. In certain embodiments, the DVFS 
throttling techniques may be applied to individual processing 
components in an incremental manner, reducing the power 
levels to a given core one bin at a time until a temperature 
violation clears. 

0105. As understood by one of ordinary skill in the art, the 
demand for processors that provide high performance and 
low power consumption has led to the use of various power 
management techniques, such as, dynamic Voltage and fre 
quency Scaling, sometimes referred to as dynamic Voltage 
and current scaling (“DVCS), in processor designs. DVFS 
enables trade-offs between power consumption and perfor 
mance. Processors 110 and 126, for instance, may be 
designed to take advantage of DVFS by allowing the clock 
frequency of each processor to be adjusted with a correspond 
ing adjustment in Voltage. 
0106. A reduction in operating voltage usually results in a 
proportional savings in power consumed. One main issue for 
DVFS enabled processors 110, 126 is how to control the 
balance between performance and power savings. 
0107 Block 705 is the first step in the submethod or sub 
routine 420, 438 for applying DVFS thermal mitigation tech 
niques in an adaptive thermal management framework. In this 
first block 705, the ATM module 101 may determine that a 
temperature threshold. Such as a junction threshold, has been 
violated based on temperature readings provided by thermal 
sensors 157A. Accordingly, the ATM module 101 may then 
instruct the processing component to enter the RAMP 
DOWN State 510 and initiate instructions to the DVFS mod 
ule 26 to review the current DVFS settings in block 710. Next, 
in block 715, the DVFS module 26 may determine that the 
power level of the processing component can be reduced. 
(0.108 Next, in block 720, the DVFS module 26 may adjust 
or issue commands to incrementally adjust the current DVFS 
settings that may include Voltage and/or frequency, in order to 
mitigate thermal loading conditions. Adjusting the settings 
may comprise adjusting or “scaling the maximum clock 
frequency allowed in DVFS algorithm. As described above, 
the DVFS module 26 may be dedicated to a processing com 
ponent and incrementally adjust the power level to the pro 
cessing component one bin at a time until instructed by the 
ATM module 101 that no further reduction DVFS settings is 
required. Notably, although the monitor module 114, ATM 
module 101 and DVFS module 26 have been described in the 
present disclosure as separate modules with separate func 
tionality, it will be understood that in some embodiments the 
various modules, or aspects of the various modules, may be 
combined into a common module for implementing adaptive 
thermal management policies. 
0109 Certain steps in the processes or process flows 
described in this specification naturally precede others for the 
invention to function as described. However, the invention is 
not limited to the order of the steps described if such order or 
sequence does not alter the functionality of the invention. 
That is, it is recognized that some steps may performed 
before, after, or parallel (substantially simultaneously with) 
other steps without departing from the scope and spirit of the 
invention. In some instances, certain steps may be omitted or 
not performed without departing from the invention. Further, 
words such as “thereafter”, “then”, “next', etc. are not 
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intended to limit the order of the steps. These words are 
simply used to guide the reader through the description of the 
exemplary method. 
0110. Additionally, one of ordinary skill in programming 

is able to write computer code or identify appropriate hard 
ware and/or circuits to implement the disclosed invention 
without difficulty based on the flow charts and associated 
description in this specification, for example. Therefore, dis 
closure of a particular set of program code instructions or 
detailed hardware devices is not considered necessary for an 
adequate understanding of how to make and use the inven 
tion. The inventive functionality of the claimed computer 
implemented processes is explained in more detail in the 
above description and in conjunction with the drawings, 
which may illustrate various process flows. 
0111. In one or more exemplary aspects, the functions 
described may be implemented in hardware, software, firm 
ware, or any combination thereofIf implemented in software, 
the functions may be stored on or transmitted as one or more 
instructions or code on a computer-readable medium. Com 
puter-readable media include both computer storage media 
and communication media including any medium that facili 
tates transfer of a computer program from one place to 
another. A storage media may be any available media that 
may be accessed by a computer. By way of example, and not 
limitation, such computer-readable media may comprise 
RAM, ROM, EEPROM, CD-ROM or other optical disk stor 
age, magnetic disk storage or other magnetic storage devices, 
or any other medium that may be used to carry or store desired 
program code in the form of instructions or data structures 
and that may be accessed by a computer. 
0112 Also, any connection is properly termed a com 
puter-readable medium. For example, if the software is trans 
mitted from a website, server, or other remote source using a 
coaxial cable, fiber optic cable, twisted pair, digital subscriber 
line (“DSL), or wireless technologies such as infrared, radio, 
and microwave, then the coaxial cable, fiber optic cable, 
twisted pair, DSL, or wireless technologies such as infrared, 
radio, and microwave are included in the definition of 
medium. 
0113 Disk and disc, as used herein, includes compact disc 
(“CD), laser disc, optical disc, digital versatile disc 
(“DVD'), floppy disk and blu-ray disc where disks usually 
reproduce data magnetically, while discs reproduce data opti 
cally with lasers. Combinations of the above should also be 
included within the scope of computer-readable media. 
0114. Therefore, although selected aspects have been 
illustrated and described in detail, it will be understood that 
various Substitutions and alterations may be made therein 
without departing from the spirit and scope of the present 
invention, as defined by the following claims. 
What is claimed is: 
1. A method for adaptive thermal managementina portable 

computing device (“PCD), the method comprising: 
defining a discrete number of performance levels for one or 
more processing components in the PCD, wherein each 
of the performance levels is associated with a power 
frequency Supplied to the one or more processing com 
ponents; 

defining temperature thresholds associated with one or 
more components in the PCD, wherein each of the one or 
more components is a junction component, package on 
package (“PoP) memory component or outer shell 
component; 
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monitoring a plurality of temperature sensors in the PCD, 
wherein each temperature sensor is associated with one 
of a junction component, package on package ("PoP) 
memory component, and outer shell component; 

receiving an interrupt signal from one of the plurality of 
temperature sensors, wherein the interrupt signal indi 
cates that an initial temperature threshold has been 
exceeded; 

sampling at time based intervals, at a first rate, temperature 
signals from one or more of the plurality oftemperature 
Sensors; 

receiving a temperature signal indicating that at least one of 
the temperature thresholds has been violated; and 

reducing the performance level of one or more of the pro 
cessing components from a maximum performance 
level to a next highest performance level within the 
defined discrete number of performance levels. 

2. The method of claim 1, further comprising: 
sampling for an additional interval, at the first rate, the 

temperature signal that indicated that at least one of the 
temperature thresholds was violated: 

receiving a temperature signal indicating that the at least 
one of the temperature thresholds remains violated; and 

further reducing, by a single level, the performance level of 
the one or more processing components from the next 
highest performance level within the defined discrete 
number of performance levels. 

3. The method of claim 1, further comprising: 
sampling for an additional interval, at the first rate, the 

temperature signal that indicated that at least one of the 
temperature thresholds was violated: 

receiving a temperature signal indicating that the violation 
of at least one of the temperature thresholds has been 
cleared; and 

increasing the performance level of the one or more pro 
cessing components from the next highest performance 
level to the maximum performance level. 

4. The method of claim 3, further comprising: 
prior to increasing the performance level of the one or more 

processing components from the next highest perfor 
mance level to the maximum performance level, holding 
the performance level at the next highest performance 
level for a penalty period; and 

after increasing the performance level of the one or more 
processing components from the next highest perfor 
mance level to the maximum performance level, either: 
increasing the duration for a Subsequent penalty period 

if, during a reset period, a temperature signal is 
received indicating that the at least one of the tem 
perature thresholds has been violated; or 

resetting the duration for a Subsequent penalty period to 
a default duration if, during a reset period, no tem 
perature signal is received indicating that the at least 
one of the temperature thresholds has been violated. 

5. The method of claim 1, wherein the at least one of the 
temperature thresholds that has been violated is associated 
with a PoP memory component. 

6. The method of claim 1, wherein the at least one of the 
temperature thresholds that has been violated is associated 
with the outer shell component. 

7. The method of claim 1, wherein the at least one of the 
temperature thresholds that has been violated is associated 
with a junction component. 
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8. The method of claim 7, further comprising modifying 
the sampling of temperature signals from one or more of the 
plurality oftemperature sensors from the first rate to a second 
rate, wherein the second rate comprises time based intervals 
that are shorter in duration than the time based intervals of the 
first rate. 

9. The method of claim 8, further comprising: 
sampling for an additional interval, at the second rate, the 

temperature signal that indicated that the temperature 
threshold associated with the junction component was 
violated; 

receiving a temperature signal indicating that the violation 
of the temperature threshold associated with the junction 
component remains violated; and 

further reducing, by a single level, the performance level of 
the one or more processing components from the next 
highest performance level within the defined discrete 
number of performance levels. 

10. The method of claim 8, further comprising: 
sampling for an additional interval, at the second rate, the 

temperature signal that indicated that the temperature 
threshold associated with the junction component was 
violated; 

receiving a temperature signal indicating that the violation 
of the temperature threshold associated with the junction 
component has been cleared; and 

increasing the performance level of the one or more pro 
cessing components from the next highest performance 
level to the maximum performance level. 

11. A computer system for adaptive thermal management 
in a portable computing device (“PCD), the system compris 
ing: 

a dynamic voltage and frequency scaling (“DVFS) mod 
ule, configured to: 
define a discrete number of performance levels for one 

or more processing components in the PCD, wherein 
each of the performance levels is associated with a 
power frequency Supplied to the one or more process 
ing components; and 

reduce the performance level of one or more of the 
processing components from a maximum perfor 
mance level to a next highest performance level 
within the defined discrete number of performance 
levels; and 

an adaptive thermal management (ATM) module, con 
figured to: 
define temperature thresholds associated with one or 
more components in the PCD, wherein each of the one 
or more components is a junction component, pack 
age on package ("PoP) memory component or outer 
shell component; 

monitor a plurality of temperature sensors in the PCD, 
wherein each temperature sensor is associated with 
one of a junction component, package on package 
(“PoP) memory component, and outer shell compo 
nent; 

receive an interrupt signal from one of the plurality of 
temperature sensors, wherein the interrupt signal 
indicates that an initial temperature threshold has 
been exceeded; 

sample at time based intervals, at a first rate, temperature 
signals from one or more of the plurality of tempera 
ture sensors; and 
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receive a temperature signal indicating that at least one 
of the temperature thresholds has been violated. 

12. The computer system of claim 11, wherein: 
the ATM module is further configured to: 

sample for an additional interval, at the first rate, the 
temperature signal that indicated that at least one of 
the temperature thresholds was violated; and 

receive a temperature signal indicating that the at least 
one of the temperature thresholds remains violated: 
and 

the DVFS module is further configured to: 
further reduce, by a single level, the performance level of 

the one or more processing components from the next 
highest performance level within the defined discrete 
number of performance levels. 

13. The computer system of claim 11, wherein: 
the ATM module is further configured to: 

sample for an additional interval, at the first rate, the 
temperature signal that indicated that at least one of 
the temperature thresholds was violated; and 

receive a temperature signal indicating that the violation 
of at least one of the temperature thresholds has been 
cleared; and 

the DVFS module is further configured to: 
increase the performance level of the one or more pro 

cessing components from the next highest perfor 
mance level to the maximum performance level. 

14. The computer system of claim 13, wherein: 
the DVFS module is further configured to: 

prior to increasing the performance level of the one or 
more processing components from the next highest 
performance level to the maximum performance 
level, hold the performance level at the next highest 
performance level for a penalty period; and 

the ATM module is further configured to: 
after the performance level of the one or more process 

ing components is increased from the next highest 
performance level to the maximum performance 
level, either: 

increase the duration for a Subsequent penalty period if, 
during a reset period, a temperature signal is received 
indicating that the at least one of the temperature 
thresholds has been violated; or 

reset the duration for a Subsequent penalty period to a 
default duration if, during a reset period, no tempera 
ture signal is received indicating that the at least one 
of the temperature thresholds has been violated. 

15. The computer system of claim 11, wherein the at least 
one of the temperature thresholds that has been violated is 
associated with a PoP memory component. 

16. The computer system of claim 11, wherein the at least 
one of the temperature thresholds that has been violated is 
associated with the outer shell component. 

17. The computer system of claim 11, wherein the at least 
one of the temperature thresholds that has been violated is 
associated with a junction component. 

18. The computer system of claim 17, wherein the ATM 
module is further configured to modify the sampling of tem 
perature signals from one or more of the plurality oftempera 
ture sensors from the first rate to a second rate, wherein the 
second rate comprises time based intervals that are shorter in 
duration than the time based intervals of the first rate. 
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19. The computer system of claim 18, wherein: 
the ATM module is further configured to: 

sample for an additional interval, at the second rate, the 
temperature signal that indicated that the temperature 
threshold associated with the junction component was 
violated; 

receive a temperature signal indicating that the violation 
of the temperature threshold associated with the junc 
tion component remains violated; and 

the DVFS module is further configured to: 
further reduce, by a single level, the performance level of 

the one or more processing components from the next 
highest performance level within the defined discrete 
number of performance levels. 

20. The computer system of claim 18, wherein: 
the ATM module is further configured to: 

sample for an additional interval, at the second rate, the 
temperature signal that indicated that the temperature 
threshold associated with the junction component was 
violated; 

receive a temperature signal indicating that the violation 
of the temperature threshold associated with the junc 
tion component has been cleared; and 

the DVFS module is further configured to: 
increase the performance level of the one or more pro 

cessing components from the next highest perfor 
mance level to the maximum performance level. 

21. A computer system for adaptive thermal management 
in a portable computing device, the system comprising: 

means for defining a discrete number of performance levels 
for one or more processing components in the PCD, 
wherein each of the performance levels is associated 
with a power frequency Supplied to the one or more 
processing components; 

means for defining temperature thresholds associated with 
one or more components in the PCD, wherein each of the 
one or more components is a junction component, pack 
age on package ("PoP) memory component or outer 
shell component; 

monitoring a plurality of temperature sensors in the PCD, 
wherein each temperature sensor is associated with one 
of a junction component, package on package ("PoP) 
memory component, and outer shell component; 

means for receiving an interrupt signal from one of the 
plurality of temperature sensors, wherein the interrupt 
signal indicates that an initial temperature threshold has 
been exceeded; 

means for sampling at time based intervals, at a first rate, 
temperature signals from one or more of the plurality of 
temperature sensors; 

means for receiving a temperature signal indicating that at 
least one of the temperature thresholds has been vio 
lated; and 

means for reducing the performance level of one or more of 
the processing components from a maximum perfor 
mance level to a next highest performance level within 
the defined discrete number of performance levels. 

22. The computer system of claim 21, further comprising: 
means for sampling for an additional interval, at the first 

rate, the temperature signal that indicated that at least 
one of the temperature thresholds was violated; 

means for receiving a temperature signal indicating that the 
at least one of the temperature thresholds remains vio 
lated; and 
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means for further reducing, by a single level, the perfor 
mance level of the one or more processing components 
from the next highest performance level within the 
defined discrete number of performance levels. 

23. The computer system of claim 21, further comprising: 
means for sampling for an additional interval, at the first 

rate, the temperature signal that indicated that at least 
one of the temperature thresholds was violated; 

means for receiving a temperature signal indicating that the 
violation of at least one of the temperature thresholds 
has been cleared; and 

means for increasing the performance level of the one or 
more processing components from the next highest per 
formance level to the maximum performance level. 

24. The computer system of claim 23, further comprising: 
prior to increasing the performance level of the one or more 

processing components from the next highest perfor 
mance level to the maximum performance level, means 
for holding the performance level at the next highest 
performance level for a penalty period; and 

means for, after increasing the performance level of the one 
or more processing components from the next highest 
performance level to the maximum performance level, 
either: 
increasing the duration for a Subsequent penalty period 

if, during a reset period, a temperature signal is 
received indicating that the at least one of the tem 
perature thresholds has been violated; or 

resetting the duration for a subsequent penalty period to 
a default duration if, during a reset period, no tem 
perature signal is received indicating that the at least 
one of the temperature thresholds has been violated. 

25. The computer system of claim 21, wherein the at least 
one of the temperature thresholds that has been violated is 
associated with a PoP memory component. 

26. The computer system of claim 21, wherein the at least 
one of the temperature thresholds that has been violated is 
associated with the outer shell component. 

27. The computer system of claim 21, wherein the at least 
one of the temperature thresholds that has been violated is 
associated with a junction component. 

28. The computer system of claim 27, further comprising 
means for modifying the sampling of temperature signals 
from one or more of the plurality oftemperature sensors from 
the first rate to a second rate, wherein the second rate com 
prises time based intervals that are shorter in duration than the 
time based intervals of the first rate. 

29. The computer system of claim 28, further comprising: 
means for sampling for an additional interval, at the second 

rate, the temperature signal that indicated that the tem 
perature threshold associated with the junction compo 
nent was violated; 

means for receiving a temperature signal indicating that the 
violation of the temperature threshold associated with 
the junction component remains violated; and 

means for further reducing, by a single level, the perfor 
mance level of the one or more processing components 
from the next highest performance level within the 
defined discrete number of performance levels. 

30. The computer system of claim 28, further comprising: 
means for sampling for an additional interval, at the second 

rate, the temperature signal that indicated that the tem 
perature threshold associated with the junction compo 
nent was violated; 
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means for receiving a temperature signal indicating that the 
violation of the temperature threshold associated with 
the junction component has been cleared; and 

means for increasing the performance level of the one or 
more processing components from the next highest per 
formance level to the maximum performance level. 

31. A computer program product comprising a computer 
usable medium having a computer readable program code 
embodied therein, said computer readable program code 
adapted to be executed to implement a method for adaptive 
thermal management in a portable computing device, said 
method comprising: 

defining a discrete number of performance levels for one or 
more processing components in the PCD, wherein each 
of the performance levels is associated with a power 
frequency Supplied to the one or more processing com 
ponents; 

defining temperature thresholds associated with one or 
more components in the PCD, wherein each of the one or 
more components is a junction component, package on 
package (“PoP) memory component or outer shell 
component; 

monitoring a plurality of temperature sensors in the PCD, 
wherein each temperature sensor is associated with one 
of a junction component, package on package ("PoP) 
memory component, and outer shell component; 

receiving an interrupt signal from one of the plurality of 
temperature sensors, wherein the interrupt signal indi 
cates that an initial temperature threshold has been 
exceeded; 

sampling at time based intervals, at a first rate, temperature 
signals from one or more of the plurality of temperature 
Sensors; 

receiving a temperature signal indicating that at least one of 
the temperature thresholds has been violated; and 

reducing the performance level of one or more of the pro 
cessing components from a maximum performance 
level to a next highest performance level within the 
defined discrete number of performance levels. 

32. The computer program product of claim 31, further 
comprising: 

sampling for an additional interval, at the first rate, the 
temperature signal that indicated that at least one of the 
temperature thresholds was violated: 

receiving a temperature signal indicating that the at least 
one of the temperature thresholds remains violated; and 

further reducing, by a single level, the performance level of 
the one or more processing components from the next 
highest performance level within the defined discrete 
number of performance levels. 

33. The computer program product of claim 31, further 
comprising: 

sampling for an additional interval, at the first rate, the 
temperature signal that indicated that at least one of the 
temperature thresholds was violated: 

receiving a temperature signal indicating that the violation 
of at least one of the temperature thresholds has been 
cleared; and 

increasing the performance level of the one or more pro 
cessing components from the next highest performance 
level to the maximum performance level. 
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34. The computer program product of claim 33, further 
comprising: 

prior to increasing the performance level of the one or more 
processing components from the next highest perfor 
mance level to the maximum performance level, holding 
the performance level at the next highest performance 
level for a penalty period; and 

after increasing the performance level of the one or more 
processing components from the next highest perfor 
mance level to the maximum performance level, either: 
increasing the duration for a Subsequent penalty period 

if, during a reset period, a temperature signal is 
received indicating that the at least one of the tem 
perature thresholds has been violated; or 

resetting the duration for a Subsequent penalty period to a 
default duration if, during a reset period, no temperature 
signal is received indicating that the at least one of the 
temperature thresholds has been violated. 

35. The computer program product of claim 31, wherein 
the at least one of the temperature thresholds that has been 
violated is associated with a PoP memory component. 

36. The computer program product of claim 31, wherein 
the at least one of the temperature thresholds that has been 
violated is associated with the outer shell component. 

37. The computer program product of claim 31, wherein 
the at least one of the temperature thresholds that has been 
violated is associated with a junction component. 

38. The computer program product of claim 37, further 
comprising modifying the sampling of temperature signals 
from one or more of the plurality oftemperature sensors from 
the first rate to a second rate, wherein the second rate com 
prises time based intervals that are shorter in duration than the 
time based intervals of the first rate. 

39. The computer program product of claim 38, further 
comprising: 

sampling for an additional interval, at the second rate, the 
temperature signal that indicated that the temperature 
threshold associated with the junction component was 
violated; 

receiving a temperature signal indicating that the violation 
of the temperature threshold associated with the junction 
component remains violated; and 

further reducing, by a single level, the performance level of 
the one or more processing components from the next 
highest performance level within the defined discrete 
number of performance levels. 

40. The computer program product of claim 38, further 
comprising: 

sampling for an additional interval, at the second rate, the 
temperature signal that indicated that the temperature 
threshold associated with the junction component was 
violated; 

receiving a temperature signal indicating that the violation 
of the temperature threshold associated with the junction 
component has been cleared; and 

increasing the performance level of the one or more pro 
cessing components from the next highest performance 
level to the maximum performance level. 
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