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(57) ABSTRACT 

A computer implemented method, data processing system, 
and processor are provided for logging a maximal tempera 
ture in an integrated circuit. A digital thermal sensor senses a 
temperature in the integrated circuit. The sensed temperature 
of the digital thermal sensor is read and a determination is 
made as to whether the sensed temperature is higher than a 
current maximal temperature. The sensed temperature is 
logged in response to the sensed temperature being higher 
than the current maximal temperature. The sensed tempera 
ture becomes a new maximal temperature for the integrated 
circuit. 
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MAXIMAL TEMPERATURE LOGGING 

0001. This application is a continuation-in-part applica 
tion of U.S. application Ser. No. 1 1/289,088 filed Nov. 29, 
2005. 

BACKGROUND 

0002 1. Field of the Invention 
0003. The present application relates generally to use of 
thermal management. Still more particularly, the present 
application relates to a computer implemented method, data 
processing system, and processor for logging a maximal tem 
perature within a computer system. 
0004 2. Description of the Related Art 
0005. The first-generation heterogeneous Cell Broadband 
EngineTM (BE) processor is a multi-core chip comprised of a 
64-bit Power PCR processor core and eight single instruction 
multiple data (SIMD) synergistic processor cores, capable of 
massive floating point processing, optimized for compute 
intensive workloads and broadband rich media applications. 
A high-speed memory controller and high-bandwidth bus 
interface are also integrated on-chip. Cell BE's breakthrough 
multi-core architecture and ultra high-speed communications 
capabilities deliver vastly improved, real-time response, in 
many cases ten times the performance of the latest PC pro 
cessors. Cell BE is operating system neutral and Supports 
multiple operating systems simultaneously. Applications for 
this type of processor range from a next generation of game 
systems with dramatically enhanced realism, to systems that 
form the hub for digital media and streaming content in the 
home, to Systems used to develop and distribute digital con 
tent, and to systems to accelerate visualization and Supercom 
puting applications. 
0006 Today's multi-core processors are frequently lim 
ited by thermal considerations. Typical Solutions include 
cooling and power management. Cooling may be expensive 
and/or difficult to package. Power management is generally a 
coarse action, “throttling much if not all of the processor in 
reaction to a thermal limit being reached. Other techniques 
Such as thermal management help address these coarse 
actions by only throttling the units exceeding a given tem 
perature. However, most thermal management techniques 
impact the real-time guarantees of an application. Therefore, 
it would be beneficial to provide a thermal management solu 
tion which provides a processor with a method to guarantee 
the real-time nature of an application even in the event of a 
thermal condition which requires throttling of the processor. 
In the cases where the real-time guarantees can not be met, the 
application administrator is notified so that a corrective action 
can be implemented. 

SUMMARY 

0007. The different aspects of the illustrative embodi 
ments provide a computer implemented method, data pro 
cessing system, and processor for logging a maximal tem 
perature in an integrated circuit. The illustrative embodiments 
sense, using a digital thermal sensor, a temperature in the 
integrated circuit. The illustrative embodiments read the 
sensed temperature of the digital thermal sensor and deter 
mine if the sensed temperature is higher than a current maxi 
mal temperature. In response to the sensed temperature being 
higher than the current maximal temperature, the illustrative 

Aug. 28, 2008 

embodiments log the sensed temperature, where the sensed 
temperature becomes a new maximal temperature for the 
integrated circuit. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0008. The novel features believed characteristic of the 
illustrative embodiments are set forth in the appended claims. 
The illustrative embodiments themselves, however, as well as 
a preferred mode of use, further objectives and advantages 
thereof, will best be understood by reference to the following 
detailed description of the illustrative embodiments when 
read in conjunction with the accompanying drawings, 
wherein: 
0009 FIG. 1 depicts a pictorial representation of a net 
work of data processing systems in which aspects of the 
illustrative embodiments may be implemented; 
0010 FIG. 2 depicts a block diagram of a data processing 
system is shown in which aspects of the illustrative embodi 
ments may be implemented; 
0011 FIG. 3 depicts an exemplary diagram of a Cell BE 
chip in which aspects of the illustrative embodiments may be 
implemented; 
0012 FIG. 4 illustrates an exemplary thermal manage 
ment system in accordance with an illustrative embodiment; 
0013 FIG. 5 depicts a graph of temperature and the vari 
ous points at which interrupts and dynamic throttling may 
occur in accordance with an illustrative embodiment; 
0014 FIG. 6 depicts a flow diagram of the operation for 
logging maximal temperature in accordance with an illustra 
tive embodiment; 
0015 FIG. 7 depicts a flow diagram of the operation for 
tracing thermal data via performance monitoring in accor 
dance with another illustrative embodiment; 
0016 FIGS. 8A and 8B depict flow diagrams of the opera 
tion for advanced thermal interrupt generation in accordance 
with an additional illustrative embodiment; 
0017 FIG. 9 depicts a flow diagram of the operation for 
Support of deep power savings mode and partial good in a 
thermal management system inaccordance with an additional 
illustrative embodiment; 
0018 FIG. 10 depicts a flow diagram of the operation for 
a thermal throttle control feature which enables real-time 
testing of thermal aware software applications independent of 
temperature in accordance with an additional illustrative 
embodiment; 
0019 FIG. 11 depicts a flow diagram of the operation for 
an implementation of thermal throttle control with minimal 
impact to interrupt latency in accordance with an additional 
illustrative embodiment; 
0020 FIG. 12 depicts a flow diagram of the operation for 
hysteresis in thermal throttling in accordance with an addi 
tional illustrative embodiment; and 
0021 FIG. 13 depicts a flow diagram of the operation of an 
implementation of thermal throttling logic in accordance with 
an additional illustrative embodiment. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

0022. The illustrative embodiments relate to maximum 
temperature logging. FIGS. 1-2 are provided as exemplary 
diagrams of data processing environments in which the illus 
trative embodiments may be implemented. It should be 
appreciated that FIGS. 1-2 are only exemplary and are not 
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intended to assert or imply any limitation with regard to the 
environments in which aspects or embodiments may be 
implemented. Many modifications to the depicted environ 
ments may be made without departing from the spirit and 
scope of the illustrative embodiments. 
0023. With reference now to the figures, FIG. 1 depicts a 
pictorial representation of a network of data processing sys 
tems in which aspects of the illustrative embodiments may be 
implemented. Network data processing system 100 is a net 
work of computers in which the illustrative embodiments 
may be implemented. Network data processing system 100 
contains network 102, which is the medium used to provide 
communications links between various devices and comput 
ers connected together within network data processing sys 
tem 100. Network 102 may include connections, such as wire, 
wireless communication links, or fiber optic cables. 
0024. In the depicted example, server 104 and server 106 
connect to network 102 along with storage unit 108. In addi 
tion, clients 110, 112, and 114 connect to network 102. These 
clients 110, 112, and 114 may be, for example, personal 
computers or network computers. In the depicted example, 
server 104 provides data, Such as boot files, operating system 
images, and applications to clients 110, 112, and 114. Clients 
110, 112, and 114 are clients to server 104 in this example. 
Network data processing system 100 may include additional 
servers, clients, and other devices not shown. 
0025. In the depicted example, network data processing 
system 100 is the Internet with network 102 representing a 
worldwide collection of networks and gateways that use the 
Transmission Control Protocol/Internet Protocol (TCP/IP) 
Suite of protocols to communicate with one another. At the 
heart of the Internet is a backbone of high-speed data com 
munication lines between major nodes or host computers, 
consisting of thousands of commercial, government, educa 
tional and other computer systems that route data and mes 
sages. Of course, network data processing system 100 also 
may be implemented as a number of different types of net 
works, such as for example, an intranet, a local area network 
(LAN), or a wide area network (WAN). FIG. 1 is intended as 
an example, and not as an architectural limitation for different 
illustrative embodiments. 
0026. With reference now to FIG. 2, a block diagram of a 
data processing system is shown in which aspects of the 
illustrative embodiments may be implemented. Data process 
ing system 200 is an example of a computer, such as server 
104 or client 110 in FIG. 1, in which computer usable code or 
instructions implementing the processes for illustrative 
embodiments may be located. 
0027. In the depicted example, data processing system 200 
employs a hub architecture including north bridge and 
memory controller hub (MCH) 202 and south bridge and 
input/output (I/O) controller hub (ICH) 204. Processing unit 
206, main memory 208, and graphics processor 210 are con 
nected to north bridge and memory controller hub 202. 
Graphics processor 210 may be connected to northbridge and 
memory controller hub 202 through an accelerated graphics 
port (AGP). 
0028. In the depicted example, LAN adapter 212 connects 

to south bridge and I/O controller hub 204. Audio adapter 
216, keyboard and mouse adapter 220, modem 222, read only 
memory (ROM) 224, hard disk drive (HDD) 226, CD-ROM 
drive 230, universal serial bus (USB) ports and other commu 
nications ports 232, and PCI/PCIe devices 234 connect to 
south bridge and I/O controller hub 204 through bus 238 and 
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bus 240. PCI/PCIe devices may include, for example, Ether 
net adapters, add-in cards and PC cards for notebook com 
puters. PCI uses a card bus controller, while PCIe does not. 
ROM 224 may be, for example, a flash binary input/output 
system (BIOS). 
0029 Hard disk drive 226 and CD-ROM drive 230 con 
nect to south bridge and I/O controller hub 204 through bus 
240. Hard disk drive 226 and CD-ROM drive 230 may use, for 
example, an integrated drive electronics (IDE) or serial 
advanced technology attachment (SATA) interface. Super I/O 
(SIO) device 236 may be connected to south bridge and I/O 
controller hub 204. 
0030. An operating system runs on processing unit 206 
and coordinates and provides control of various components 
within data processing system 200 in FIG. 2. As a client, the 
operating system may be a commercially available operating 
system such as Microsoft(R) Windows(R XP (Microsoft and 
Windows are trademarks of Microsoft Corporation in the 
United States, other countries, or both). An object-oriented 
programming system, such as the JavaTM programming sys 
tem, may run in conjunction with the operating system and 
provides calls to the operating system from Java programs or 
applications executing on data processing system 200 (Java is 
a trademark of Sun Microsystems, Inc. in the United States, 
other countries, or both). 
0031. As a server, data processing system 200 may be, for 
example, an IBM eServer TM pSeries(R) computer system, run 
ning the Advanced Interactive Executive (AIX(R) operating 
system or LINUX operating system (eServer, pSeries and 
AIX are trademarks of International Business Machines Cor 
poration in the United States, other countries, or both while 
Linux is a trademark of Linus Torvalds in the United States, 
other countries, or both). Data processing system 200 may be 
a symmetric multiprocessor (SMP) system including a plu 
rality of processors in processing unit 206. Alternatively, a 
single processor System may be employed. 
0032. Instructions for the operating system, the object 
oriented programming system, and applications or programs 
are located on Storage devices, such as hard disk drive 226, 
and may be loaded into main memory 208 for execution by 
processing unit 206. The processes for the illustrative 
embodiments are performed by processing unit 206 using 
computer usable program code, which may be located in a 
memory Such as, for example, main memory 208, read only 
memory 224, or in one or more peripheral devices 226 and 
23O. 

0033. Those of ordinary skill in the art will appreciate that 
the hardware in FIGS. 1-2 may vary depending on the imple 
mentation. Other internal hardware or peripheral devices, 
Such as flash memory, equivalent non-volatile memory, or 
optical disk drives and the like, may be used in addition to or 
in place of the hardware depicted in FIGS. 1-2. Also, the 
processes of the illustrative embodiments may be applied to a 
multiprocessor data processing system. 
0034. In some illustrative examples, data processing sys 
tem 200 may be a personal digital assistant (PDA), which is 
configured with flash memory to provide non-volatile 
memory for storing operating system files and/or user-gener 
ated data. 
0035. A bus system may be comprised of one or more 
buses, such as bus 238 or bus 240 as shown in FIG. 2. Of 
course the bus system may be implemented using any type of 
communications fabric or architecture that provides for a 
transfer of data between different components or devices 
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attached to the fabric or architecture. A communications unit 
may include one or more devices used to transmit and receive 
data, such as modem 222 or network adapter 212 of FIG. 2. A 
memory may be, for example, main memory 208, read only 
memory 224, or a cache Such as found in north bridge and 
memory controller hub 202 in FIG. 2. The depicted examples 
in FIGS. 1-2 and above-described examples are not meant to 
imply architectural limitations. For example, data processing 
system 200 also may be a tablet computer, laptop computer, 
or telephone device in addition to taking the form of a PDA. 
0036 FIG. 3 depicts an exemplary diagram of a Cell BE 
chip in which aspects of the illustrative embodiments may be 
implemented. Cell BE chip 300 is a single-chip multiproces 
sor implementation directed toward distributed processing 
targeted for media-rich applications such as game consoles, 
desktop systems, and servers. 
0037 Cell BE chip300 may be logically separated into the 
following functional components: PowerPC(R) processor ele 
ment (PPE)301, synergistic processor units (SPUs)310,311, 
and 312, and memory flow controllers (MFCs) 305,306, and 
307. Although synergistic processor elements (SPEs) 302, 
303, and 304 and PPE301 are shown by example, any type of 
processor element may be supported. Exemplary Cell BE 
chip 300 implementation includes one PPE 301 and eight 
SPEs, although FIG. 3 shows only three SPEs 302,303, and 
304. The SPE of a CELL Processor is a first implementation 
of a new processor architecture designed to accelerate media 
and data streaming workloads. 
0038 Cell BE chip 300 may be a system-on-a-chip such 
that each of the elements depicted in FIG.3 may be provided 
on a single microprocessor chip. Moreover, Cell BE chip 300 
is a heterogeneous processing environment in which each of 
SPUs 310, 311, and 312 may receive different instructions 
from each of the other SPUs in the system. Moreover, the 
instruction set for SPUs 310, 311, and 312 is different from 
that of Power PC(R) processor unit (PPU) 308, e.g., PPU 308 
may execute Reduced Instruction Set Computer (RISC) 
based instructions in the PowerTM architecture while SPUs 
310, 311, and 312 execute vectorized instructions. 
0039 Each SPE includes one SPU 310,311, or 312 with 

its own local store (LS) area 313,314, or 315 and a dedicated 
MFC 305,306, or 307 that has an associated memory man 
agement unit (MMU) 316, 317, or 318 to hold and process 
memory protection and access permission information. Once 
again, although SPUs are shown by example, any type of 
processor unit may be supported. Additionally, Cell BE chip 
300 implements element interconnect bus (EIB) 319 and 
other I/O structures to facilitate on-chip and external data 
flow. 

0040. EIB 319 serves as the primary on-chip bus for PPE 
301 and SPEs 302,303, and 304. In addition, EIB 319 inter 
faces to other on-chip interface controllers that are dedicated 
to off-chip accesses. The on-chip interface controllers include 
the memory interface controller (MIC) 320, which provides 
two extreme data rate I/O (XIO) memory channels 321 and 
322, and Cell BE interface unit (BEI) 323, which provides 
two high-speed external I/O channels and the internal inter 
rupt control for Cell BE 300. BEI 323 is implemented as bus 
interface controllers (BICs, labeled BICO & BIC1) 324 and 
325 and I/O interface controller (IOC) 326. The two high 
speed external I/O channels connected to a polarity of Red 
wood Rambus(R Asic Cell (RRAC) interfaces providing the 
flexible input and output (FlexIO 0 & FlexIO 1) 353 for the 
Ce11 BE3OO. 
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0041. Each SPU 310,311, or 312 has a corresponding LS 
area 313, 314, or 315 and synergistic execution units (SXU) 
354, 355, or 356. Each individual SPU 310, 311, or 312 can 
execute instructions (including data load and store opera 
tions) only from within its associated LS area 313, 314, or 
315. For this reason, MFC direct memory access (DMA) 
operations via SPU's 310,311, and 312 dedicated MFCs 305, 
306, and 307 perform all required data transfers to or from 
storage elsewhere in a system. 
0042 A program running on SPU 310, 311, or 312 only 
references its own LS area 313, 314, or 315 using a LS 
address. However, each SPU's LS area 313,314, or 315 is also 
assigned a real address (RA) within the overall system's 
memory map. The RA is the address for which a device will 
respond. In the PowerPC(R), an application refers to a memory 
location (or device) by an effective address (EA), which is 
then mapped into a virtual address (VA) for the memory 
location (or device) which is then mapped into the RA. The 
EA is the address used by an application to reference memory 
and/or a device. This mapping allows an operating system to 
allocate more memory than is physically in the system (i.e. 
the term virtual memory referenced by a VA). A memory map 
is a listing of all the devices (including memory) in the system 
and their corresponding RA. The memory map is a map of the 
real address space which identifies the RA for which a device 
or memory will respond. 
0043. This allows privileged software to map a LS area to 
the EA of a process to facilitate direct memory access trans 
fers between the LS of one SPU and the LS area of another 
SPU. PPE 301 may also directly access any SPU's LS area 
using an EA. In the Power PC(R) there are three states (prob 
lem, privileged, and hypervisor). Privileged software is soft 
ware that is running in either the privileged or hypervisor 
states. These states have different access privileges. For 
example, privileged software may have access to the data 
structures register for mapping real memory into the EA of an 
application. Problem state is the state the processor is usually 
in when running an application and usually is prohibited from 
accessing system management resources (such as the data 
structures for mapping real memory). 
0044) The MFCDMA data commands always include one 
LS address and one E.A. DMA commands copy memory from 
one location to another. In this case, an MFC DMA command 
copies data between an EA and a LS address. The LS address 
directly addresses LS area 313,314, or 315 of associated SPU 
310,311, or 312 corresponding to the MFC command queues. 
Command queues are queues of MFC commands. There is 
one queue to hold commands from the SPU and one queue to 
hold commands from the PXU or other devices. However, the 
EA may be arranged or mapped to access any other memory 
storage area in the system, including LS areas 313, 314, and 
315 of the other SPEs 302,303, and 304. 
0045 Main storage (not shown) is shared by PPU 308, 
PPE 301, SPEs 302, 303, and 304, and I/O devices (not 
shown) in a system, such as the system shown in FIG. 2. All 
information held in main memory is visible to all processors 
and devices in the system. Programs reference main memory 
using an EA. Since the MFC proxy command queue, control, 
and status facilities have RAS and the RA is mapped using an 
EA, it is possible for a power processor element to initiate 
DMA operations, using an EA between the main storage and 
local storage of the associated SPEs 302,303, and 304. 
0046. As an example, when a program running on SPU 
310, 311, or 312 needs to access main memory, the SPU 
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program generates and places a DMA command, having an 
appropriate EA and LS address, into its MFC 305,306, or 307 
command queue. After the command is placed into the queue 
by the SPU program, MFC 305, 306, or 307 executes the 
command and transfers the required data between the LS area 
and main memory. MFC 305,306, or 307 provides a second 
proxy command queue for commands generated by other 
devices, such as PPE301. The MFC proxy command queue is 
typically used to store a program in local storage prior to 
starting the SPU. MFC proxy commands can also be used for 
context store operations. 
0047. The EA address provides the MFC with an address 
which can be translated into a RA by the MMU. The transla 
tion process allows for virtualization of system memory and 
access protection of memory and devices in the real address 
space. Since LS areas are mapped into the real address space, 
the EA can also address all the SPULS areas. 
0.048 PPE301 on Cell BE chip300 consists of 64-bit PPU 
308 and PowerPC(R) storage subsystem (PPSS)309. PPU308 
contains processor execution unit (PXU) 329, level 1 (L1) 
cache 330, MMU 331 and replacement management table 
(RMT) 332. PPSS 309 consists of cacheable interface unit 
(CIU)333, non-cacheable unit (NCU)334, level 2 (L2) cache 
328, RMT 335 and bus interface unit (BIU) 327. BIU 327 
connectSPPSS 309 to EIB 319. 

0049 SPU 310,311, or 312 and MFCs 305,306, and 307 
communicate with each other through unidirectional chan 
nels that have capacity. Channels are essentially a FIFO 
which are accessed using one of 34 SPU instructions; read 
channel (RDCH), write channel (WRCH), and read channel 
count (RDCHCNT). The RDCHCNT returns the amount of 
information in the channel. The capacity is the depth of the 
FIFO. The channels transport data to and from MFCs 305, 
306, and 307, SPUs 310, 311, and 312. BIUs 339, 340, and 
341 connect MFCs 305,306, and 307 to EIB 319. 
0050 MFCs 305, 306, and 307 provide two main func 
tions for SPUs 310,311, and 312. MFCs 305, 306, and 307 
move data between SPUs 310,311, or 312, LS area 313, 314, 
or 315, and main memory. Additionally, MFCs 305,306, and 
307 provide synchronization facilities between SPUs 310, 
311, and 312 and other devices in the system. 
0051 MFCs 305, 306, and 307 implementation has four 
functional units: direct memory access controllers (DMACs) 
336, 337, and 338, MMUs 316, 317, and 318, atomic units 
(ATOs) 342, 343, and 344, RMTs 345, 346, and 347, and 
BIUs 339,340, and 341. DMACs 336,337, and 338 maintain 
and process MFC command queues (MFC CMDQs) (not 
shown), which consist of a MFC SPU command queue (MFC 
SPUQ) and a MFC proxy command queue (MFC PrxyO). 
The sixteen-entry, MFC SPUQ handles MFC commands 
received from the SPU channel interface. The eight-entry, 
MFC PrxyO processes MFC commands coming from other 
devices, such as PPE301 or SPEs 302,303, and 304, through 
memory mapped input and output (MMIO) load and store 
operations. A typical direct memory access command moves 
data between LS area 313,314, or 315 and the main memory. 
The EA parameter of the MFC DMA command is used to 
address the main storage, including main memory, local Stor 
age, and all devices having a RA. The local storage parameter 
of the MFC DMA command is used to address the associated 
local storage. 
0052. In a virtual mode, MMUs 316,317, and 318 provide 
the address translation and memory protection facilities to 
handle the EA translation request from DMACs 336,337, and 
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338 and send back the translated address. Each SPE's MMU 
maintains a segment lookaside buffer (SLB) and a translation 
lookaside buffer (TLB). The SLB translates an EA to a VA 
and the TLB translates the VA coming out of the SLB to a RA. 
The EA is used by an application and is usually a 32- or 64-bit 
address. Different application or multiple copies of an appli 
cation may use the same EA to reference different storage 
locations (for example, two copies of an application each 
using the same EA, will need two different physical memory 
locations.) To accomplish this, the EA is first translated into a 
much larger VA Space which is common for all applications 
running under the operating system. The EA to VA translation 
is performed by the SLB. The VA is then translated into a RA 
using the TLB, which is a cache of the page table or the 
mapping table containing the VA to RA mappings. This table 
is maintained by the operating system. 
0053 ATOs 342, 343, and 344 provide the level of data 
caching necessary for maintaining synchronization with 
other processing units in the system. Atomic direct memory 
access commands provide the means for the synergist proces 
Sor elements to perform synchronization with other units. 
0054. The main function of BIUs 339, 340, and 341 is to 
provide SPEs 302,303, and 304 with an interface to the EIB. 
EIB 319 provides a communication path between all of the 
processor cores on Cell BE chip300 and the external interface 
controllers attached to EIB 319. 
0055 MIC320 provides an interface between EIB319 and 
one or two of XIOs 321 and 322. Extreme data rate (XDRTM) 
dynamic random access memory (DRAM) is a high-speed, 
highly serial memory provided by Rambus(R). A macro pro 
vided by Rambus accesses the extreme data rate dynamic 
random access memory, referred to in this document as XIOS 
321 and 322. 
0056 MIC 320 is only a slave on EIB 319. MIC 320 
acknowledges commands in its configured address range(s), 
corresponding to the memory in the Supported hubs. 
0057 BICs 324 and 325 manage data transfer on and off 
the chip from EIB 319 to either of two external devices. BICs 
324 and 325 may exchange non-coherent traffic with an I/O 
device, or it can extend EIB 319 to another device, which 
could even be another Cell BE chip. When used to extend EIB 
319, the bus protocol maintains coherency between caches in 
the Cell BE chip 300 and the caches in the attached external 
device, which could be another Cell BE chip. 
0.058 IOC 326 handles commands that originate in an I/O 
interface device and that are destined for the coherent EIB 
319. An I/O interface device may be any device that attaches 
to an I/O interface such as an I/O bridge chip that attaches 
multiple I/O devices or another Cell BE chip 300 that is 
accessed in a non-coherent manner. IOC 326 also intercepts 
accesses on EIB 319 that are destined to memory-mapped 
registers that reside in or behind an I/O bridge chip or non 
coherent Cell BE chip 300, and routes them to the proper I/O 
interface. IOC 326 also includes internal interrupt controller 
(IIC) 349 and I/O address translation unit (I/O Trans) 350. 
0059 Pervasive logic 351 is a controller that provides the 
clock management, test features, and power-on sequence for 
the Cell BE chip 300. Pervasive logic may provide the thermal 
management system for the processor. Pervasive logic con 
tains a connection to other devices in the system through a 
Joint Test Action Group (JTAG) or Serial Peripheral Interface 
(SPI) interface, which are commonly known in the art. 
0060 Although specific examples of how the different 
components may be implemented have been provided, this is 
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not meant to limit the architecture in which the aspects of the 
illustrative embodiments may be used. The aspects of the 
illustrative embodiments may be used with any multi-core 
processor system. 
0061 During the execution of an application or software, 
the temperature of areas within the Cell BE chip may rise. 
Left unchecked, the temperature could rise above the maxi 
mal specified junction temperature, leading to improper 
operation or physical damage. To avoid these conditions, the 
Cell BE chip's digital thermal management unit monitors and 
attempts to control the temperature within the Cell BE chip 
during operation. The digital thermal management unit con 
sists of a thermal management control unit (TMCU) and ten 
distributed digital thermal sensors (DTSs) described herein. 
0062 One sensor is located in each of the eight SPEs, one 

is located in the PPE, and one is adjacent to a linear thermal 
diode. The linear thermal diode is an on-chip diode that cal 
culates temperature. These sensors are positioned adjacent to 
areas within the associated unit that typically experience the 
greatest rise in temperature during the execution of most 
applications. The thermal control unit monitors feedback 
from each of these sensors. If the temperature of a sensor rises 
above a programmable point, the thermal control unit can be 
configured to cause an interrupt to the PPE or one or more of 
the SPEs and dynamically throttle the execution of the asso 
ciated PPE or SPE(s). 
0063 Stopping and running the PPE or SPE for a pro 
grammable number of cycles provides the necessary throt 
tling. The interrupt allows privileged software to take correc 
tive action while the dynamic throttling attempts to keep the 
temperature within the broadband engine chip below a pro 
grammable level without software intervention. Privileged 
software sets the throttling level equal to or below recom 
mended settings provided by the application. Each applica 
tion may be different. 
0064. If throttling the PPE or SPEs does not effectively 
manage the temperature and the temperature continues to 
rise, pervasive logic 351 stops the Cell BE chip's clocks when 
the temperature reaches a thermal overload temperature (de 
fined by programmable configuration data). The thermal 
overload feature protects the Cell BE chip from physical 
damage. Recovery from this condition requires a hard reset. 
The temperature of the region monitored by the DTSs is not 
necessarily the hottest point within the associated PPE or 
SPE. 

0065 FIG. 4 illustrates an exemplary thermal manage 
ment system in accordance with an illustrative embodiment. 
The thermal management system may be implemented as an 
integrated circuit, such as that as provided by pervasive logic 
unit 351 of FIG. 3. The thermal management system may be 
an application specific integrated circuit, a processor, a mul 
tiprocessor, or a heterogeneous multi-core processor. The 
thermal management system is divided between ten distrib 
uted DTSs, for simplicity only DTSs 404, 406, 408, and 410 
are shown, and thermal management control unit (TMCU) 
402. Each of DTS 404 and 406, which are in SPU sensors 440, 
DTS 408, which is in PPU sensor 442, and DTS 410, which is 
in sensor 444 that is adjacent to a linear thermal diode (not 
shown), provide a current temperature detection signal. This 
signal indicates that the temperature is equal to or below the 
current temperature detection range set by TMCU 402. 
TMCU 402 uses the state of the signals from DTSs 404,406, 
408, and 410 to continually track the temperature of each 
PPE's or SPE's DTSs 404, 406, 408, or 410. As the tempera 
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ture is tracked, TMCU 402 provides the current temperature 
as a numeric value that represents the temperature within the 
associated PPE or SPE. The manufacturing to calibrate the 
individual sensors sets internal calibration storage 428. 
0066. In addition to the elements of TMCU 402 described 
above, TMCU 402 also contains multiplexers 446 and 450, 
work registers 448, comparators 452 and 454, serializer 456, 
thermal management control state machine 458, and data 
flow (DF) unit 460. Multiplexers 446 and 450 combine vari 
ous outgoing and incoming signals for transmission over a 
single medium. Work registers 448 hold the results of multi 
plications performed in TMCU 402. Comparators 452 and 
454 provide a comparison function of two inputs. Comparator 
452 is a greater than or equal to comparator. Comparator 454 
is a greater than comparator. Serializer 456 converts low 
speed parallel data from a source into high-speed serial data 
for transmission. Serializer 456 works in conjunction with 
deserializers 462 and 464 on SPU sensors 440. Deserializers 
462 and 464 converts received high-speed serial data into 
low-speed parallel data. Thermal management control state 
machine 458 starts the internal initialization of TMCU 402. 
DF unit 460 controls the data to and from thermal manage 
ment control state machine 458. 
0067 TMCU 402 may be configured to cause an interrupt 
to the PPE, using interrupt logic 416, to dynamically throttle 
the execution of a PPE or a SPE, using throttling logic 418. 
0068 TMCU 402 compares the numeric value represent 
ing the temperature to a programmable interrupt temperature 
and a programmable throttle point. Each DTS has an inde 
pendent programmable interrupt temperature. If the tempera 
ture is within the programmed interrupt temperature range, 
TMCU 402 generates an interrupt to the PPE, if enabled. An 
interrupt is generated if the temperature is above or below the 
programmed level depending on the direction bit, described 
later. In addition, a second programmable interrupt tempera 
ture may cause the assertion of an attention signal to a system 
controller. The system controller is on the system planer and 
is connected to the Cell BE on the SPI port. 
0069. If the temperature sensed by the DTS associated 
with the PPE or SPE is equal to or above the throttling point, 
TMCU 402 throttles the execution of a PPE or one or more 
SPEs by starting and stopping that PPE or SPE independently. 
Software can control the ratio and frequency of the throttling 
using thermal management registers, such as thermal man 
agement stop time registers and thermal management scale 
registers. 
0070 FIG. 5 depicts a graph of temperature and the vari 
ous points at which interrupts and dynamic throttling may 
occur in accordance with an illustrative embodiment. In FIG. 
5, line 500 may represent the temperature for the PPE or the 
SPE. If the PPE or SPE is running normally, there is no 
throttling in the regions marked with an “N.” When the tem 
perature of a PPE or SPE reaches the throttlepoint, the TMCU 
starts throttling the execution of the associated PPE or SPE. 
The regions in which the throttling occurs are marked with a 
“T” When the temperature of the PPE or SPE drops below the 
end throttle point, the execution returns to normal operation. 
0.071) If, for any reason, the temperature continues to rise 
and reaches a temperature at or above the full throttle point, 
TMCU 402 stops the PPE or SPE until the temperature drops 
below the full throttlepoint. Regions where the PPE or SPE is 
stopped are marked with an “S” Stopping the PPE or SPEs 
when the temperature is at or above the full throttle point is 
referred to as the core stop safety. 
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0072. In this exemplary illustration, the interrupt tempera 
ture is set above the throttle point; therefore, TMCU 402 
generates an interrupt which is a notification to the Software 
that the corresponding PPE or SPEs is stopped because the 
temperature was or is still above the core stop temperature; 
provided that the thermal interrupt mask register (TM ISR) is 
set to active, see 422 in FIG. 4, allowing the PPE or SPE to 
resume during a pending interrupt. If dynamic throttling is 
disabled, privileged software manages the thermal condition. 
Not managing the thermal condition can result in an improper 
operation of the associated PPE or SPE orathermal shutdown 
by the thermal overload function. 
0073. Returning to FIG. 4, the thermal sensor status reg 
isters consist of thermal sensor current temperature status 
registers 412 and thermal sensor maximum temperature sta 
tus registers 414. These registers allow software to read the 
current temperature of each DTS, determine the highest tem 
perature reached during a period of time, and cause an inter 
rupt when the temperature reaches a programmable tempera 
ture. The thermal sensor status registers have associated real 
address pages which may be marked as hypervisor privileged. 
0074 Thermal sensor current temperature status registers 
412 contain the encoding or digital value for the current 
temperature of each DTS. Due to latencies in the sensor's 
temperature detection, latencies in reading these registers, 
and normal temperature fluctuations, the temperature 
reported in these registers is that of an earlier point in time and 
might not reflect the actual temperature when software 
receives the data. As each sensor has dedicated control logic, 
control logic within DTSs 404, 406, 408, and 410 samples all 
sensors in parallel. TMCU 402 updates the contents of ther 
mal sensor current temperature status registers 412 at the end 
of the sample period. TMCU 402 changes the value in thermal 
sensor current temperature status registers 412 to the current 
temperature. TMCU 402 polls for new current temperatures 
every SenSampTime period. A SenSampTime configuration 
field controls the length of a sample period. 
0075. Thermal sensor maximum temperature status regis 

ters 414 contain the digitally encoded maximal temperature 
reached for each sensor from the time thermal sensor maxi 
mum temperature status registers 414 were last read. Reading 
these registers, by Software or any off-chip device, such as 
off-chip device 472 or off-chip I/O device 474, causes TMCU 
402 to copy the current temperature for each sensor into the 
register. After the read, TMCU 402 continues to track the 
maximal temperature starting from this point. Each register's 
read is independent. A read of one register does not affect the 
contents of the other. 

0076 Each sensor has dedicated control logic, so control 
logic within DTSs 404, 406, 408, and 410 samples all sensors 
in parallel. TMCU 402 changes the value in thermal sensor 
maximum temperature status registers 414 to the current tem 
perature. TMCU 402 polls for new current temperatures 
every SenSampTime period. A SenSampTime configuration 
field controls the length of a sample period. 
0077. Thermal sensor interrupt registers in interrupt logic 
416 control the generation ofathermal management interrupt 
to the PPE. This set of registers consists of thermal sensor 
interrupttemperature registers 420 (TS ITR1 and TS ITR2), 
thermal sensor interrupt status register 422 (TS ISR), ther 
mal sensor interrupt mask register 424 (TS IMR), and the 
thermal sensor global interrupt temperature register 426 (TS 
GITR). Thermal sensor interrupt temperature registers 420 
and the thermal sensor global interrupt temperature register 
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426 contain the encoding for the temperature that causes a 
thermal management interrupt to the PPE. 
0078. When the temperature, encoded in a digital format, 
in thermal sensor current temperature status registers 412 for 
a sensor is greater than or equal to the corresponding sensor's 
interrupt temperature encoding in thermal sensor interrupt 
temperature registers 420, TMCU 402 sets the corresponding 
status bit in thermal sensor interrupt status register 422 (TS 
ISRSXI). When the temperature encoding in thermal sensor 
current temperature status registers 412 for any sensor is 
greater than or equal to the global interrupt temperature 
encoding in thermal sensor global interrupt temperature reg 
ister 426, TMCU 402 sets the corresponding status bits in 
thermal sensor interrupt status register 422 (TS ISRGX). 
0079 If any thermal sensor interrupt temperature status 
register 422 bit (TS ISRSX) is set and the corresponding 
mask bit in the thermal sensor interrupt mask register 424 
(TS IMRIMx) is also set, TMCU 402 asserts a thermal 
management interrupt signal to the PPE. If any thermal sensor 
interrupt status register 422 (TS ISRGX) bit is set and the 
corresponding mask bit in the thermal sensor interrupt mask 
register 424 (TS IMRICxD is also set, TMCU 402 asserts a 
thermal management interrupt signal to the PPE. 
0080. To clear the interrupt condition, privileged software 
should set any corresponding mask bits in thermal sensor 
interrupt mask register to 0. To enable a thermal manage 
ment interrupt, privileged software ensures that the tempera 
ture is below the interrupt temperature for the corresponding 
sensors and then performs the following sequence. Enabling 
an interrupt when the temperature is not below the interrupt 
temperature can result in an immediate thermal management 
interrupts being generated. 

0081 1. Write a 1 to the corresponding status bit in the 
thermal sensor interrupt status register 422. 

0082 2. Write a 1 to the corresponding mask bit in the 
thermal sensor interrupt mask register 424. 

I0083. The thermal sensor interrupt temperature registers 
420 contain the interrupt temperature level for the sensors 
located in the SPEs. PPE, and adjacent to the linear thermal 
diode. TMCU 402 compares the encoded interrupt tempera 
ture levels in this register to the corresponding interrupt tem 
perature encoding in the thermal sensor current temperature 
status registers 412. The results of these comparisons gener 
ate a thermal management interrupt. Each sensors interrupt 
temperature level is independent. 
I0084. In addition to the independent interrupt temperature 
levels set in the thermal sensor interrupt temperature registers 
420; the thermal sensor global interrupt temperature register 
426 contains a second interrupt temperature level. This level 
applies to all sensors in the Cell BE chip. TMCU 402 com 
pares the encoded global interrupt temperature level in this 
register to the current temperature encoding for each sensor. 
The results of these comparisons generate a thermal manage 
ment interrupt. 
I0085. The intent of the global interrupt temperature is to 
provide an early indication to a temperature rise in the Cell 
BE chip. Privileged software and the system controller may 
use this information to start actions to control the tempera 
ture, for example, increasing the fan speed, rebalancing the 
application Software across units, and so on. 
I0086. Thermal sensor interrupt status register 422 identi 
fies which sensors meet the interrupt conditions. An interrupt 
condition refers to a particular condition that each thermal 
sensor interrupt status register 422 bit has that, when met, 
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makes it possible for an interrupt to occur. An actual interrupt 
is only presented to the PPE if the corresponding mask bit is 
Set. 

0087. Thermal sensor interrupt status register 422 con 
tains three sets of status bits—the digital sensor global thresh 
old interrupt status bit (TS ISRGX), the digital sensor 
threshold interrupt status bit (TS ISRSX), and the digital 
sensor global below threshold interrupt status bit (TS ISR 
Gb). 
0088 TMCU 402 sets the status bit in thermal sensor 
interrupt status register 422 (TS ISRSX) when the tempera 
ture encoding for a sensor in thermal sensor current tempera 
ture status registers 412 is greater than or equal to the corre 
sponding sensor's interrupt temperature encoding in thermal 
sensor interrupt temperature registers 420 and the corre 
sponding direction bit thermal sensor interrupt mask register 
424, TM IMRBX)=0. Additionally, TMCU 402 sets ther 
mal sensor interrupt status register 422, TS ISRSX, when 
the temperature encoding for a sensor in thermal sensor cur 
rent temperature status registers 412 is below the correspond 
ing sensor's interrupt temperature encoding in thermal sensor 
interrupt temperature registers 420 and the corresponding 
direction bit thermal sensor interrupt mask register 424, 
TM IMRBx=1. 
0089 TMCU 402 sets thermal sensor interrupt status reg 
ister 422, TS ISRGx, when any participating sensor's cur 
rent temperature is greater than or equal to that of thermal 
sensor global interrupt temperature register 426 and thermal 
sensor interrupt mask register 424, TS IMRB), to 0. The 
individual thermal sensor interrupt status register 422, 
TS ISRGx, bits indicate which individual sensors meet 
these conditions. 
0090 TMCU 402 sets thermal sensor interrupt status reg 
ister 422, TS ISRGb, when all of the participating sensors 
in thermal sensor interrupt mask register 424, TS IMRICx. 
have a current temperature below that of thermal sensor glo 
bal interrupt temperature register 426 and the thermal sensor 
interrupt mask register 424, TS IMRB), to 1. Since all 
participating sensors have a current temperature below that of 
the thermal sensor global interrupt temperature register 426. 
only one status bit thermal sensor interrupt status register 422 
(TS ISRGb) is present for a global below threshold inter 
rupt condition. 
0091. Once a status bit in the thermal sensor interrupt 
status register 422 (TS ISRSX. Gx, or Gb) is set to 1. 
TMCU 402 maintains this state until reset to 0 by privileged 
software. Privileged software resets a status bit to 0 by 
writing a 1 to the corresponding bit in thermal sensor inter 
rupt status register 422. 
0092. The thermal sensor interrupt mask register 424 con 
tains two fields for individual sensors and multiple fields for 
global interrupt conditions. An interrupt condition refers to a 
particular condition that each thermal sensor interrupt mask 
register 424 bit has that, when met, makes it possible for an 
interrupt to occur. An actual interrupt is only presented to the 
PPE if the corresponding mask bit is set. 
0093. The two thermal sensor interrupt mask register digi 

tal thermal threshold interrupt fields for individual sensors are 
TS IMRIMx and the TS IMRBX. Thermal sensor inter 
rupt mask register 424, TS IMRIMx, mask bits prevent an 
interrupt status bit from generating a thermal management 
interrupt to the PPE. Thermal sensor interrupt mask register 
424, TS IMRBX, directional bits set the temperature direc 
tion for the interrupt condition above or below the corre 
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sponding temperature in thermal sensor interrupt temperature 
registers 420. Setting thermal sensor interrupt mask register 
424, TS IMRBX, to 1 sets the temperature for the interrupt 
condition to be below the corresponding temperature in ther 
mal sensor interrupt temperature registers 420. Setting ther 
mal sensor interrupt mask register 424, TS IMRBX, to 0 
sets the temperature for the interrupt condition to be equal to 
or above the corresponding temperature in thermal sensor 
interrupt temperature registers 420. 
0094. Thermal sensor interrupt mask register 424 fields 
for the global interrupt conditions are TS IMRICx, TS IMR 
B.TS IMRICgb), and TS IMRA). Thermal sensor inter 
rupt mask register 424, TS IMRICx, mask bits prevent glo 
ball threshold interrupts and select which sensors participate 
in the global below threshold interrupt condition. Thermal 
sensor interrupt mask register 424, TS IMRB), directional 
bit selects the temperature direction for the global interrupt 
condition. Thermal sensor interrupt mask register 424, 
TS IMRICgb, mask bit prevents global below threshold 
interrupts. Thermal sensor interrupt mask register 424, 
TS IMRA), asserts an attention to the system controller. An 
attention is a signal to the system controller indicating that the 
pervasive logic needs attention or has status for the system 
controller. The attention may be mapped to an interrupt in the 
system controller. The system controller is on the system 
planer and is connected to the Cell Broadband Engine on the 
SPI port. 
0.095 Setting thermal sensor interrupt mask register 424, 
TS IMRB, to 1 sets a temperature range for the global 
interrupt condition to occur when the temperatures of all the 
participating sensors set in thermal sensor interrupt mask 
register 424, TS IMRICx are below the global interrupt 
temperature level. Setting thermal sensor interrupt mask reg 
ister 424, TS IMRB), to 0 sets a temperature range for the 
global interrupt condition to occur when the temperature of 
any of the participating sensors is greater than or equal to the 
corresponding temperature in thermal sensor global interrupt 
temperature register 426. If thermal sensor interrupt mask 
register 424, TS IMRA), is set to 1, TMCU 402 asserts an 
attention when any thermal sensor interrupt mask register 
424, TS IMRICx, bit and its corresponding thermal sensor 
interrupt status register 422 status bit (TS ISRGXI) are both 
set to 1. Additionally, TMCU 402 asserts an attention when 
thermal sensor interrupt mask register 424, TS IMRICgb. 
and thermal sensorinterrupt status register 422, TS ISRGb. 
are both set to 1. 
0096 TMCU 402 presents a thermal management inter 
rupt to the PPE when any thermal sensor interrupt mask 
register 424, TS IMRIMx, bit and its corresponding thermal 
sensor interrupt status register 422 status bit (TS ISRSX) 
are both set to 1. TMCU 402 generates a thermal manage 
ment interrupt when any thermal sensor interrupt mask reg 
ister 424, TS IMRICx, bit and its corresponding thermal 
sensor interrupt status register 422 status bit, TS ISRGx, 
are both set to 1. Additionally, TMCU 402 presents a ther 
mal management interrupt to the PPE when thermal sensor 
interrupt mask register 424, TS IMRICgb, and thermal sen 
sor interrupt status register 422, TS ISRGb, are both set to 
1. 
0097. The dynamic thermal management registers in 
throttling logic 418 contain parameters for controlling the 
execution throttling of a PPE or a SPE. Dynamic thermal 
management registers is a set of registers that contains ther 
mal management control registers 430 (TM CR1 and 
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TM CR2), thermal management throttle point register 432 
(TM TPR), thermal management stop time registers 434 
(TM STR1 and TM STR2), thermal management throttle 
scale register 436 (TM TSR), and thermal management sys 
tem interrupt mask register 438 (TM SIMR). 
0098. Thermal management throttle point register 432 sets 
the throttle temperature point for the sensors. Two indepen 
dent throttle temperature points can be set in thermal man 
agement throttle point register 432. ThrottlePPE and Throt 
tleSPE, one for the PPE and one for the SPEs. Also contained 
in this register are temperature points for disabling throttling 
and stopping the PPE or SPEs. Execution throttling of a PPE 
or a SPE starts when the temperature is equal to or above the 
throttle point. Throttling ceases when the temperature drops 
below the temperature to disable throttling (TM TPR 
EndThrottlePPE/EndThrottleSPE). If the temperature 
reaches the full throttle or stop temperature (TM TPR 
FullThrottlePPE/FullThrottleSPE), TMCU 402 stops the 
execution of the PPE or SPE. Thermal management control 
registers 430 control the throttling behavior. 
0099. Thermal management stop time registers 434 and 
thermal management throttle scale register 436 control the 
frequency and amount of throttling. When the temperature 
reaches the throttle point, TMCU402 stops the corresponding 
PPE or SPE for the number of clocks specified by the stop 
time in the corresponding value in thermal management stop 
time registers 434, multiplied by the corresponding scale 
value in thermal management scale register 436. TMCU 402 
then allows the PPE or SPE to run for the number of clocks 
specified by the run time multiplied by the corresponding 
scale value, where the run time is the difference between an 
implementation dependent fixed amount of time minus the 
stop time. The scale value, which is programmable, in thermal 
management scale register 436 is a multiplier for both the stop 
time and run time. An examples may be (StopxScale)/(Runx 
Scale). The percentage of time a core is stopped remains the 
same, but the period is increased or frequency is decreased. 
This sequence continues until the temperature falls below the 
disable throttling (TM TPREndThrottlePPE/EndThrot 
tleSPEI). 
0100. Thermal management system interrupt mask regis 

ter 438 selects which PPE interrupts will cause TMCU402 to 
disable throttling. TMCU 402 will continue to prevent throt 
tling while these interrupts are still pending and the mask is 
still selecting the pending interrupt. If the mask is deselected 
or the interrupt is no longer pending, TCMU 402 will no 
longer prevent throttling. 
0101 Thermal management control registers 430 set the 
throttling mode for each PPE or SPE independently. The 
control bits are split between two registers. Following are the 
five different modes that may be set for each PPE or SPE 
independently: 

0102 Dynamic throttling disabled (including the core 
stop safety). 

0103) Normal operation (dynamic throttling and the 
core stop safety are enabled). 

0104 PPE or SPE is always throttled (core stop safety is 
enabled). 

0105 Core stop safety disabled (dynamic throttling 
enabled and the core stop safety are disabled). 

0106 PPE or SPE is always throttled and core stop 
safety disabled. 

0107 Privileged software should set control bits to normal 
operation for PPE or SPEs that are running applications or 
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operating systems. If a PPE or a SPE is not running applica 
tion code, privileged software should set the control bits to 
disabled. The “PPE or SPE is always throttled” modes are 
intended for application development. These modes are use 
ful to determine if the application can operate under an 
extreme throttling condition. Allowing a PPE or a SPE to 
execute with either the dynamic throttling or core stop safety 
disabled should only be permitted when privileged software 
actively manages the thermal events. 
0108. Thermal management system interrupt mask regis 
ter 438 controls which PPE interrupts cause the thermal man 
agement logic to temporarily stop throttling the PPE. TMCU 
402 temporarily suspends throttling for both threads while the 
interrupt is pending, regardless of the thread targeted by the 
interrupt. When the interrupt is no longer pending, throttling 
may resume as long as throttle conditions still exist. Throt 
tling of the SPEs is never disabled based on a system interrupt 
condition. The PPE interrupt conditions that can override a 
throttling condition are as follows: 

01.09 External 
0110 Decrementer 
0.111 Hypervisor Decrementer 
0112 System Error 
0113. Thermal Management 

0114. Thermal management throttle point register 432 
contains the encoded temperature points at which execution 
throttling of a PPE or a SPE begins and ends. This register also 
contains encoded temperature points at which a PPE's or a 
SPE's execution is fully throttled. 
0115 Software uses the values in the thermal management 
throttle point register to set three temperature points for 
changing between the three thermal management states: nor 
mal run (N), PPE or SPE throttled (T), and PPE or SPE 
stopped (S). TMCU 402 supports independent temperature 
points for the PPE and the SPEs. 
0116. When the encoded current temperature of a sensor 
in thermal sensor current temperature status registers 412 is 
equal to or greater than the throttle temperature (ThrottlePPE/ 
ThrottleSPE), execution throttling of the corresponding PPE 
or SPE begins, if enabled. Execution throttling continues until 
the encoded current temperature of the corresponding sensor 
is less than the encoded temperature to end throttling 
(EndThrottlePPE/EndThrottleSPE). As a safety measure, if 
the encoded current temperature is equal to or greater than the 
full throttle point (FullThrottlePPE/FullThrottleSPE), 
TMCU 402 stops the corresponding PPE or SPE. 
0117 Thermal management stop time registers 434 con 
trol the amount of throttling applied to a specific PPE or SPE 
in the thermal management throttled state. The value, which 
is set by Software, in the thermal management stop time 
registers 434 represents the amount of time the core will be 
stopped relative to the amount of time the core is allowed to 
run (stop/run) or the percentage of time the core is stopped. 
The thermal management throttle scale register 436 controls 
the actual number of clocks (NClks) that a PPE or a SPE stops 
and runs. 

0118. Thermal management throttle scale register 436 
controls the actual number of cycles that a PPE or a SPE stops 
and runs during the thermal management throttle state. The 
values in this register are multiples of a configuration ring 
setting TM Config MinStopSPE). The following equation 
calculates the actual number of stop and run cycles: 
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SPE Run and Stop Time: 
SPE StopTime = (TM STR1StopCore(x)) * 
TM ConfigMinStopSPE) * TM TSRScaleSPE) 

SPE RunTime = (32 - TM STR1StopCore(x)) * 
TM ConfigMinStopSPE) * TM TSRScaleSPE) 

PowerPC (R) element Run and Stop Time: 
PPE StopTime = (TM STR2StopCore(8) * 
TM ConfigMinStopPPE) * TM TSRScalePPE) 

PPE. RunTime = (32 - TM STR2StopCore(8)) * 
TM ConfigMinStopPPE) * TM TSRScalePPE) 

0119 The run and stop times can be altered by interrupts 
and privileged software writing various thermal management 
registers. 
0120. On-chip performance monitor 466 may provide per 
formance monitoring that may trace thermal data provided by 
temperature sensing devices, such as DTSs 404, 406, 408, and 
410. The thermal data may be stored in memory 470 or 
written to off-chip device 472, such as main memory 208 of 
FIG. 2, or to an off-chip I/O device 474, such as south bridge 
and input/output (I/O) controller hub (ICH) 204 of FIG. 2. 
Controller 468 located in performance monitor 466 controls 
the determination of where the thermal data is sent. 
0121 Although the following descriptions are directed to 
one instruction stream and one processor, the instruction 
stream may be a set of instruction streams, and the processor 
may be a set of processors. That is, a set may be just a single 
instruction stream and single processor or two or more 
instructions streams and processors. 
0122 Utilizing the above described architecture, many 
improvements and added programmability are made for the 
thermal management and thermal throttling of the Cell BE 
chip. Some of these improvements and added programmabil 
ity enable key features why others enhance usability. 
0123 FIG. 6 depicts a flow diagram of the operation for 
logging maximal temperature in accordance with an illustra 
tive embodiment. As the operation begins, the computer sys 
tem which contains a Cell BE chip, such as Cell BE chip 300 
of FIG. 3, starts or resets (step 602). As previously described, 
the Cell BE chip includes a thermal management system that 
is provided through pervasive logic unit 351 of FIG. 3. The 
thermal management system includes one set of maximum 
temperature status registers and one set of current tempera 
ture status registers. Such as maximum temperature status 
registers 414 and current temperature status registers 412 of 
FIG.4, for each DTS, such as DTSs 404, 406, 408, and 410 of 
FIG. 4. The current temperature status register stores the 
current temperature of its target DTS since the last time 
thermal management control state machine. Such as thermal 
management control state machine 458 of FIG. 4, sensed the 
DTS. The maximum temperature status register stores the 
maximal temperature of its target DTS since the last time the 
computer system reads the within the maximum temperature 
status register or the computer system resets. The maximum 
temperature status register may be read using any number of 
devices. Such as a processor, an integrated circuit, or through 
a device using the Serial Peripheral Interface (SPI) port or 
Joint Test Action Group (JTAG) port. Although, reading the 
register through the JTAG port does not cause a reset. 
0.124 Illustratively limiting the following discussion to 
one DTS, the maximal temperature after the computer system 
starts or resets (step 602) is zero. Once the thermal manage 
ment control state machine senses the temperature of the 
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DTS, the thermal management control state machine sends 
the sensed temperature of the DTS to a comparator, such as 
comparator 454 of FIG. 4 (step 604). The comparator com 
pares the sensed temperature to the current maximal tempera 
ture stored in the maximum temperature status register for 
that DTS (step 606). If at step 606 the sensed temperature is 
higher than the current maximal temperature stored in the 
maximum temperature status register, then the sensed tem 
perature becomes the new maximal temperature and the ther 
mal management control state machine logs the new maximal 
temperature in the maximum temperature status register (step 
608). That is, the thermal management control state machine 
overwrites or replaces the current maximal temperature 
stored in the maximum temperature status register. If at step 
606 the sensed temperature is lower than or equal to the 
current maximal temperature stored in the maximum tem 
perature status register, the maximum temperature status reg 
ister holds the current maximal temperature existing in the 
maximum temperature status register (step 610). 
0.125. The current maximal temperature in the maximum 
temperature status register stays at the maximal temperature 
until the computer system reads the maximum temperature 
status register in the form of a read request (step 612) or the 
computer system resets. If the current maximal temperature is 
not read, the operation returns to step 604. If at step 612 the 
computer system reads the current maximal temperature, 
then the thermal management control state machine resets the 
current maximal temperature to the current temperature in the 
current temperature status register (step 614), with the opera 
tion returning to step 604. 
0.126 For an example of this operation, if a DTS of a 
particular unit, Such as the core of a processor or the processor 
itself, over a period of time were to sense temperatures of 67 
C., 70° C., 75° C., 72°C., and 74° C., the maximal tempera 
ture in the maximum temperature status register would be 75° 
C. If after the fourth sensing of the DTS, the computer system 
issues a read request, the maximal temperature returned 
would be 75° C. However, at this point the thermal manage 
ment control state machine resets the maximal temperature to 
the current temperature and after the last sense performed by 
the DTS, the maximal temperature in the maximum tempera 
ture status register would be 74°C. 
I0127 Thus, the intent of the maximum temperature status 
register is to log the maximal temperature reached by the 
DTSS since the maximum temperature register was last read. 
This maximal temperature information assists the operating 
system in determining the maximal temperature reached by 
the DTS during the execution of an application or program 
without continuously polling the current temperature register. 
Continuous polling would affect the performance of the sys 
tem and therefore could affect the maximal temperature. In 
addition, polling the current temperature does not guarantee 
the maximal temperature is read. This would be the case if the 
maximal temperature occurred between reads of the current 
temperature. 
I0128 FIG. 7 depicts a flow diagram of the operation for 
tracing thermal data via performance monitoring in accor 
dance with another illustrative embodiment. As previously 
described, the Cell BE chip includes a thermal management 
system that is provided through pervasive logic unit 351 of 
FIG. 3. Performance monitoring may be provided through a 
performance monitor, Such as performance monitor 466 of 
FIG. 4. Performance monitoring may trace thermal data pro 
vided by temperature sensing devices, such as DTSs 404, 
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406, 408, and 410 of FIG. 4, in its internal memory, such as 
memory 470 of FIG. 4, write to main memory, such as main 
memory 208 of FIG. 2 or off chip device 472 of FIG.4, or to 
an I/O device, such as south bridge and input/output (I/O) 
controller hub (ICH) 204 of FIG. 2 or off chip I/O device 474 
of FIG. 4. 
0129. Performance monitoring supports two main tracing 
modes: tracing for a fixed time period or continuous tracing. 
The trace of thermal performance may be a trace. Such as trace 
500 of FIG. 5. Performance monitoring may also provide for 
configuration of the sampling frequency to control the time 
period between two consecutive samples. Furthermore, com 
pression of the thermal information can be used to increase 
the sampling interval. One compression technique is to only 
store the thermal information when a change occurs. A count 
of the number of thermal samples which were the same could 
also be stored along with the thermal information. This is a 
useful technique since thermal information is typically slow 
to change. 
0130. As the operation for tracing thermal data via a per 
formance monitor begins, the thermal management control 
state machine, such as thermal management control state 
machine 458 of FIG. 4, sets the performance monitor into a 
tracing mode (step 702). Illustratively, limiting the following 
discussion to one DTS, the thermal management control state 
machine senses the temperature of the DTS (step 704) and 
sends the sensed temperature of the DTS to a current tem 
perature status register and/or other data structure to be stored 
(step 706). At this point the thermal management control state 
machine determines whether the performance monitor is still 
running (step 708). Once the performance monitor starts in 
step 702, the performance monitor will either run for a user 
specified time period or run until stopped by the user through 
a user input. However, the performance monitor may also 
stop based on a specific thermal condition. The specific ther 
mal condition is called a trigger, Such as a logic analyzer 
looking for a specific condition on a set of signals. The use of 
a trigger may be useful in Software debug. For example, a user 
may setup the performance monitor to stop, or checkstop, the 
system when a thermal condition is reached. This may allow 
the user to determine exactly which piece of code or combi 
nation of code is causing the thermal condition. If the perfor 
mance monitor is still running at step 708, the operation 
returns to step 704. 
0131 Returning to step 708, if the performance monitor is 
no longer running, the thermal management control state 
machine reads the temperature information stored in the 
memory and graphically displays the stored information for 
the user (step 710), with the operation ending thereafter. It is 
also possible for the sensed temperature sent to a current 
temperature status register and/or other data structure at Step 
706 to be simultaneously displayed while the operation is still 
in process (step 710) indicated by arrow 712, rather than 
waiting for the tracing to end. 
0132) Thus, the performance monitor traces thermal data 
provided by the DTSs. Automatically tracing thermal data 
eliminates the need for software to continuously poll the 
current temperature register. Performance monitoring is 
important for collecting thermal data of a workload because 
performance monitoring does not require insertion of addi 
tional code to poll the thermal data, which could change the 
behavior of the workload. In other words, performance moni 
toring provides a non-invasive method to trace thermal profile 
of software applications in real-time. An additional benefit of 
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sending the thermal information to the performance monitor 
is the ability to trigger or stop recording the thermal informa 
tion on a pre-specified thermal condition. In addition, the 
performance monitor may also be used to stop the system (or 
checkstop) when a thermal condition is met. Doing so allows 
a user to determine which code segment or combination of 
code segments is creating the thermal condition. The user 
may then rewrite the code segment or avoid the specific 
combination, thus avoiding the thermal event. 
0.133 FIGS. 8A and 8B depict flow diagrams of the opera 
tion for advanced thermal interrupt generation in accordance 
with an additional illustrative embodiment. As previously 
described, the Cell BE chip includes a thermal management 
system that is provided through pervasive logic unit 351 of 
FIG. 3. Advanced thermal interrupt generation is another 
feature that helps an operating system to handle a thermal 
event. Advanced thermal interrupt logic is part of a thermal 
management control unit, such as TMCU 402 of FIG. 4. 
Thermal interrupts alert the operating system when there is a 
thermal condition (i.e. chip temperature rises above certain 
threshold). In Such an event, the operating system should take 
corrective actions to reduce chip temperature. The corrective 
actions may be handled by a software interrupt handler, which 
is a piece of code which handles the thermal condition and 
initiates the corrective actions. The operating system then 
waits for the thermal condition to go away before resuming 
normal operation. This usually requires the operating system 
to wait a specific amount of time, then poll the temperature of 
the processor to determine if it is safe to resume normal 
operation. With the advanced thermal interrupt generation, 
the operating system may set the interrupt to detect when the 
temperature falls below a certain threshold, thus eliminating 
the need to poll the current temperature registers. The com 
bination thermal sensor interrupt mask register 424 (TS 
IMR) and thermal sensor interrupt status register 422 (TS 
ISR) of FIG.4 make handlingathermal event much easier for 
the operating system. 
0.134 Advanced thermal interrupt generation may be per 
formed at a local level and a global level. That is, advanced 
thermal interrupt generation may be performed either indi 
vidually (local) on a specific DTS or on all (global) DTSs 
such as DTSs 404, 406, 408, and 410 of FIG. 4. The direction 
bits of thermal sensor interrupt mask register are B and B. 
The interrupt direction defines a condition that generates an 
interrupt. The interrupt can either be generated when the 
temperature changes from below the interrupt temperature to 
equal to or above the interrupt temperature, or when the 
temperature changes from above or equal to the interrupt 
temperature to below the interrupt temperature. The thermal 
management control state machine identifies the condition by 
the direction bits, B and B, in the interrupt mask register. 
B is the globaldirection bit. When Bois set to 0, the thermal 
management control state machine generates an interrupt 
when the temperature of any DTS is greater or equal to the 
global interrupt temperature. When B is set to 1, the ther 
mal management control state machine generates an interrupt 
when the temperature of all DTSs are below the global inter 
rupt temperature. B is the local direction bit, where X is the 
number of the individually associated DTSs. When B is set 
to 0, the thermal management control state machine gener 
ates an interrupt when the temperature of the individual DTS 
is greater or equal to the DTS interrupttemperature. When B 
is set to 1, the thermal management control state machine 
generates an interrupt when the temperature of the individual 
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DTS is below the DTS interrupt temperature. The thermal 
interrupt status register (TS ISR) records which sensor 
caused the advanced thermal interrupt. Software reads this 
register to determine which condition occurred and which 
sensor or sensors caused the interrupt. The thermal manage 
ment control state machine resets the status bits in the thermal 
interrupt status register once read by Software. 
0135 Therefore, the operation for advanced thermal inter 
rupt generation may be shown from a global as well as a local 
view. FIG. 8A depicts the global advanced thermal interrupt 
generation and FIG. 8B depicts the local advanced thermal 
interrupt generation. As the operation begins in the global 
advanced thermal interrupt generation, FIG. 8A, the thermal 
management control state machine sets the global interrupt 
temperature T to temperature T1 and sets the global interrupt 
direction B to 0 (step 802). The thermal management con 
trol state machine senses the temperature of the DTSs (step 
804). The thermal management control state machine deter 
mines if any sensed temperature from the DTSs is greater than 
or equal to temperature T1 (step 806). If no sensed tempera 
ture is greater than or equal to temperature T1, then the 
operation returns to step 804. If at step 806 any one of the 
sensed temperatures is greater than or equal to temperature 
T1, then the thermal management control state machine gen 
erates an interrupt and sets the corresponding status bits in the 
thermal interrupt status register to record which sensors or 
sensors caused the interrupt (step 808). The operating system 
will then service the interrupt and may either slow down the 
workload on the processor or offload some of the workload of 
the processor to another processor in the system. 
0136. After the interrupt is generated, the thermal man 
agement control state machine sets the global interrupt tem 
perature T to temperature T2 and the global interrupt direc 
tion B is set to 1 (step 810). Temperature T2 should be set 
to less than or equal to temperature T1. The thermal manage 
ment control state machine again senses the temperature of 
the DTSs (step 812). The thermal management control state 
machine determines if all the sensed temperatures from the 
DTSs are below temperature T2 (step 814). If no sensed 
temperature is below temperature T2, then the operation 
returns to step 812. If at step 814 all of the sensed tempera 
tures are below temperature T2, then the thermal manage 
ment control state machine generates an interrupt and sets the 
corresponding status bits in the thermal interrupt status reg 
ister to record which sensors or sensors caused the interrupt 
(step 816). At this point, it is now safe for the operating system 
to resume normal operation. The operating system will then 
service the interrupt and restore the system to normal opera 
tion. Next, the operation returns to step 802, where the global 
interrupttemperature T is set to temperature T1 and the global 
interrupt direction B is set to 0. 
0.137 An example of this operation would be, if all the 
DTSs have a global interrupt temperature of 80° C. and a 
global interrupt direction of 0. Once any DTS of the asso 
ciated units, such as the core of a processor or the processor 
itself, senses a temperature greater than or equal to 80°C., the 
thermal management control state machine generates an 
interrupt and sets the corresponding status bits in the thermal 
interrupt status register to record which sensors or sensors 
caused the interrupt. The operating system will then service 
the interrupt and may either slow down the workload on the 
processor or offload some of the workload of the processor to 
another processor in the system. Also, at this point the thermal 
management control state machine may reset the global inter 
rupt temperature to an exemplary 77° C. and set the global 
interrupt direction to 1. The workload will continue to oper 
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ate in a slow mode or remain off the processor until the DTSs 
sense a temperature that is below 77°C. for all of the DTSs. 
Once the thermal management control state machine deter 
mines the sensed temperature to be below 77°C., the thermal 
management control state machine generates another inter 
rupt. The thermal management control state machine sets the 
global interrupt temperature to 80°C., sets the global inter 
rupt direction to 0, and then the operating system resumes 
normal operation of the workload. 
0.138 Turning to FIG. 8B, the illustrative embodiment is 
limited to one DTS although the illustration is the same for 
each DTS. As the operation begins for the local advanced 
thermal interrupt generation, the thermal management con 
trol state machine sets the local interrupt temperature T to 
temperature T3 and sets the local interrupt direction B to 0 
(step 852). The thermal management control state machine 
senses the temperature of the DTS (step 854). The thermal 
management control state machine determines if the sensed 
temperature from the DTS is greater than or equal to tempera 
ture T3 (step 856). If the sensed temperature is not greater 
than or equal to temperature T3, then the operation returns to 
step 854. If the sensed temperature is greater than or equal to 
temperature T3, then the thermal management control state 
machine generates an interrupt and sets the corresponding 
status bits in the thermal interrupt status register to record 
which sensors or sensors caused the interrupt (step 858). The 
operating system will then service the interrupt and may 
either slow down the workload on the processor or offload 
some of the workload to other units within the processor or to 
another processor in the system. 
0.139. After the thermal management control state 
machine generates the interrupt, the thermal management 
control state machine sets the local interrupt temperature T to 
temperature T4 and sets the local interrupt direction B to 1 
(step 860). Temperature T4 should be set to less than or equal 
to temperature T3. The thermal management control state 
machine again senses the temperature of the DTS (step 862). 
The thermal management control state machine determines if 
the sensed temperature from the DTS is below temperature 
T4 (step 864). If the sensed temperature is not below tem 
perature T4, then the operation returns to step 862. If the 
sensed temperature is below temperature T4, then the thermal 
management control state machine generates an interrupt and 
sets the corresponding status bits in the thermal interrupt 
status register to record which sensors or sensors caused the 
interrupt (step 866). At this point, it is now safe for the 
operating system to resume normal operation. The operating 
system will then service the interrupt and restore the system to 
normal operation. Next, the operation returns to step 852 
where the thermal management control state machine sets the 
local interrupt temperature T to temperature T3 and sets the 
local interrupt direction B to 0. 
0140. An example of this operation would be, if a given 
DTS has a local interrupt temperature of 80° C. and a local 
interrupt direction of 0. Once the DTS of an associated unit 
senses a temperature greater than or equal to 80° C., the 
thermal management control state machine generates an 
interrupt, and sets the corresponding status bits in the thermal 
interrupt status register to record which sensors or sensors 
caused the interrupt. The operating system will then service 
the interrupt and may either slow down the workload on the 
processor or offload some of the workload of the processor to 
another processor in the system. Also, at this point the thermal 
management control state machine may reset the local inter 
rupt temperature to an exemplary 77° C. and set the local 
interrupt direction to 1. The workload will continue to oper 
ate in a slow mode or remain off the unit of processor expe 



US 2008/02085 12 A1 

riencing the thermal condition or the processor until the DTS 
senses a temperature that is below 77°C. Once the thermal 
management control state machine determines the sensed 
temperature to be below 77° C., the thermal management 
control state machine generates another interrupt. The ther 
mal management control state machine sets the local interrupt 
temperature to 80°C., sets the local interrupt direction to 0. 
and then the operating system resumes normal operation of 
the workload. 

0141 Thus, advanced thermal interrupt generation allows 
the operating system to program interrupt generation to fol 
low the direction of temperature change and eliminates the 
need for an interrupt handler to continually poll the current 
temperature in the case of a thermal interrupt. 
0142 FIG. 9 depicts a flow diagram of the operation for 
Support of deep power savings mode and partial good in a 
thermal management system inaccordance with an additional 
illustrative embodiment. As previously described, the Cell 
BE chip includes a thermal management system that is pro 
vided through pervasive logic unit 351 of FIG. 3. In the Cell 
BE chip 300 of FIG. 3, there exists a number of power saving 
modes. Depending on the implementation of each of the 
power saving modes, some may limit the accessibility of the 
DTSs, such as DTSs 404, 406, 408, and 410 of FIG. 4. For 
example, if a SPU, such as SPUs (SPU) 310,311, and 312 of 
FIG. 3, is in a power saving mode where the clock is turned 
off, that is the deserializer, such as deserializer 462 of FIG.4, 
is disabled, the path between the serializer, such as serializer 
456 of FIG.4, and the DTS, such as DTS 404 of FIG. 4, will 
not function. Another example of a power saving mode could 
be where the power supply is turned off. In this case, the 
actual DTS could be disabled. Another example is where the 
thermal management control State machine determines the 
sensor or a unit within the processor to be broken during 
manufacturing test. If the sensor or unit is redundant, manu 
facturing can mark the sensor or unit as faulty, creating a 
partial good processor that will still function with just a lim 
ited number of units or sensors. In either case, the thermal 
management control state machine. Such as thermal manage 
ment control state machine 458 of FIG. 4, needs to monitor 
the status of these power modes and mask off the non func 
tional DTS(s) from participation in the thermal management 
tasks (e.g. throttling, interrupts, etc.). 
0143 Returning to FIG.9, which depicts the flow diagram 
of the operation for Support of deep power savings mode and 
partial good in a thermal sensing and thermal management 
system. As the operation begins, the thermal management 
control state machine uses data from the various DTSs to 
track the status of the DTSs (step 902). The thermal manage 
ment control state machine stores the data in internal calibra 
tion storages. Such as internal calibration storage 428 of FIG. 
4. As discussed previously, operation of aparticular DTS may 
be inhibited by a power savings mode, a faulty DTS, or SPU 
which is communicated to the thermal management control 
state machine via data flow, such as data flow 460 of FIG. 4. 
The effect of partial good condition reported by the manufac 
turing process is similar to power savings mode, except a 
partial good is a permanent condition and the DTS should be 
permanently masked off. In the case a SPU is marked faulty, 
the thermal management control state machine turns off the 
entire SPU, and disables the serializer. In case a DTS is 
marked faulty, the thermal management control state machine 
masks off the DTS. The thermal management control state 
machine determines whether the DTS or SPU is faulty or 
functional (step 904). If the DTS or SPU is faulty, the thermal 
management control State machine masks off the DTS (step 
906), with the operating ending thereafter. 
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0144. In order to mask off a DTS that is in a power man 
agement state, the thermal management control state machine 
resets the related current temperature status register of the 
current temperature status registers, such as current tempera 
ture status register 412 of FIG. 4 to 0x0, which is the lowest 
temperature setting. An alternative method might also be to 
allocate an encoding of the related current temperature status 
register, by setting a status bit, to indicate the DTS is masked, 
which may be more precise than to just reset the sensor 
reading. The thermal management control state machine then 
stops communications from the current temperature status 
register to and from the DTS. Stopping communications is an 
optional step mainly to save power and not perform useless 
overhead work. The thermal management control state 
machine then generates a signal to indicate the DTS is cur 
rently masked and should not participate in thermal manage 
ment tasks. Finally, the thermal management control state 
machine resets the state of the DTS. When the unit, such as the 
core of a processor or the processor itself, related to the DTS 
exits power savings mode, the thermal management control 
state machine resumes communication to DTS, resumes 
updating of the current temperature status register, and sends 
a signal that the DTS may participate in thermal management 
tasks. 
(0145 Returning to step 904, if the DTS and SPU are both 
functional, the thermal management control state machine 
starts communication to DTS (step 908). The thermal man 
agement control state machine monitors the power manage 
ment states of the SPU to determine when the SPU enters a 
power savings mode (step 910). Until the SPU enters a power 
savings mode, the operation returns to step 908. If the SPU 
enters the power savings mode and the DTS is disabled, the 
thermal management control state machine masks off the 
DTS in a method as discussed above with relation to step 906 
(step 912). Since the DTS is indicated as disabled and func 
tional, the thermal management control state machine con 
tinues monitoring of the power management state of the SPU 
(step 914). Until the SPU exits the power savings mode, the 
operation returns to step 912. When the SPU exits power 
savings mode, and the DTS is no longer disabled, the thermal 
control state machine starts communication to DTS, resumes 
updating of the current temperature status register, and sends 
a signal that the DTS may participate in thermal management 
tasks (step 916), with the operation returning to step 908. 
0146 Thus, masking the temperature readings of DTSs 
that are partially good, faulty, or in a power savings mode 
isolates the none-working or disabled DTS from participating 
in the thermal management tasks. 
0147 FIG. 10 depicts a flow diagram of the operation for 
a thermal throttle control feature which enables real-time 
testing of thermal aware software applications independent of 
temperature in accordance with an additional illustrative 
embodiment. As previously described, the Cell BE chip 
includes a thermal management system that is provided 
through pervasive logic unit 351 of FIG. 3. Thermal manage 
ment control registers, such as thermal management control 
registers 430 of FIG.4, provide access and configuration for 
various thermal throttle control features. Thermal throttle is 
designed to reduce temperature by cutting back performance 
in case of a thermal event using throttling. 
0.148. Thermal management stop time registers, such as 
thermal management stop time registers 434 of FIG. 4, and 
thermal management throttle scale register, Such as thermal 
management throttle scale register 436 of FIG.4, together set 
the amount of throttling and the behavior of throttling. In a 
real-time system, real-time deadlines need to be guaranteed. 
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It is important for a Software developer and the quality assur 
ance team to know and test the maximal amount of throttling, 
which is the maximal setting of the thermal management stop 
time registers and the thermal management throttle Scale 
register a program or a code segment may tolerate and still 
guarantee real-time deadlines of the real-time system. Instead 
of adjusting the actual temperature of the hardware to cause a 
thermal event and, thus, trigger a throttling condition, the 
thermal management control state machine provides a mode 
that always provides throttling, regardless of the temperature. 
The thermal management control state machine sets this 
mode in a thermal management control register, which sets 
the chips into a constant throttle state. This feature aids the 
software developer to test and qualify their code to meet 
real-time standards. 

0149. As the operation begins, thermal management stop 
time registers and thermal management throttle Scale register 
thermal control settings are received (step 1002). The thermal 
management control state machine uses the settings of the 
thermal management stop time registers and thermal manage 
ment throttle scale register to determine how throttling will be 
performed. Then, the thermal management control state 
machine sets the test mode and sets the thermal management 
control registers to an always throttle setting (step 1004). 
Then the program runs for a real-time validation that the 
software or program will meet the real-time deadline under 
the thermal management stop time registers and thermal man 
agement throttle Scale register thermal control settings (step 
1006). The test mode may be any type of throttling mode, 
such as always throttle or randomly throttle. Then, the ther 
mal management control state machine determines if the 
real-time deadline was met (step 1008). If the real-time dead 
line was not met, the thermal management control state 
machine records the current thermal management stop time 
registers and thermal management throttle scale register ther 
mal control settings as failing (step 1010). The thermal man 
agement control state machine then determines whether there 
are any new thermal management stop time registers and 
thermal management throttle Scale register thermal control 
settings that will decrease the amount of throttling (step 
1012). If there are new thermal management stop time regis 
ters and thermal management throttle scale register thermal 
control settings, the operation returns to step 1002. If at step 
1012 there are not any new thermal management stop time 
registers and thermal management throttle scale register ther 
mal control settings, the operation ends. 
0150. Returning to step 1008, if the real-time deadline was 
met, the thermal management control state machine records 
the current thermal management stop time registers and ther 
mal management throttle Scale register thermal control set 
tings as passing (step 1014). The thermal management con 
trol state machine determines whether there are any new 
thermal management stop time registers and thermal manage 
ment throttle scale register thermal control settings that will 
increase the amount of throttling (step 1016). If there are new 
thermal management stop time registers and thermal manage 
ment throttle Scale register thermal control settings, the 
operation returns to step 1002. If at step 1016, there are not 
any new thermal management stop time registers and thermal 
management throttle scale register thermal control settings, 
the operation ends. 
0151. Thus, providing a mode of operation that always 

throttles aids software developers to test and qualify that their 
code meet real-time deadlines under the worst case thermal 
conditions. The Software developer and the quality assurance 
team can also use this feature to determine the maximal 
amount of throttling a program or a code segment may toler 
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ate and still be guaranteed to meet the real-time deadlines of 
the real-time system. Once the thermal management control 
state machine determines and validates the maximal amount 
of throttling, software can set an interrupt to occur on the 
condition where full throttling occurs. If the thermal manage 
ment control state machine ever generates this interrupt, the 
thermal management control state machine notifies the appli 
cation that a potential exist for the real-time guarantee to be 
violated or not met. 
0152. In addition to the always throttle control setting, it is 
also possible for an implementation to provide a mode which 
would inject random thermal events or directed random ther 
mal events to simulate more realistic interactions of throttling 
and the execution of software. This technique is similar to 
randomly injecting errors on a bus to test error recovery code. 
0153 FIG. 11 depicts a flow diagram of the operation for 
an implementation of thermal throttle control with minimal 
impact to interrupt latency in accordance with an additional 
illustrative embodiment. As previously described, the Cell 
BE chip includes a thermal management system that is pro 
vided through pervasive logic unit 351 of FIG. 3. When any 
part of a computer system is placed in a throttling condition, 
the throttling condition reduces performance of the entire 
system. The reduction of performance increases the latency 
of an interrupt, in terms of how soon an interrupt can be 
serviced as well as how long it will take to service the inter 
rupt. The increase of interrupt latency has serious implication 
to the system as a whole, and therefore a desirability and 
necessity exists to minimize the impact of thermal throttling 
to interrupt latency. Minimizing the impact of thermal throt 
tling due to interrupt latency is a feature directed to a PPU 
throttle control, such as by PPU 308 of FIG. 3. SPUs, such as 
SPUs 310,311, and 312 of FIG. 3, do not take interrupts and 
therefore are not affected by this feature. 
0154 As the operation begins, the thermal management 
controls State machine. Such as thermal management control 
state machine 458 of FIG.4, monitors all PPU interrupt status 
bits and the thermal management system interrupt mask reg 
ister, Such as thermal management system interrupt mask 
register 438 of FIG. 4 (step 1102). The thermal management 
system interrupt mask register controls masking of an inter 
rupt. The thermal management control state machine deter 
mines if there are any interrupts pending which are unmasked 
(step 1104). If there are no interrupts pending or there are 
interrupts pending but are masked, the operation returns to 
step 1102. 
0155 Ifat step 1104 there are interrupts pending that are 
unmasked, the thermal management control state machine 
temporarily disables any throttle mode regardless of a partial 
throttle or full throttle state (step 1106). Disabling the throttle 
mode allows the PPU to temporarily operate at full perfor 
mance and handle any pending interrupts without any delay 
induced by the effects of thermal throttling. Again, the ther 
mal management control state machine monitors all PPU 
interrupt statuses and the thermal management system inter 
rupt mask register (step 1108). The thermal management 
control state machine determines if there are any interrupts 
pending which are not masked (step 1110). If there are no 
interrupts pending or there are interrupts pending but are 
masked, the operation returns to step 1108. When at step 1110 
the interrupt status clears, the thermal management control 
state machine restores the PPU to the original throttle mode 
(step 1112) and the operation returns to step 1102. 
0156 The interrupt handler has the choice to clear the 
interrupt status bit at the beginning of the interrupt handler 
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routine, or at the end of the routine. The interrupt handler may 
be located in the power processor element, such as power 
processor element 301 of FIG. 3, or software executed by the 
power processor element. If the interrupt handler chooses to 
clear the interrupt status bit at the beginning and also like to 
avoid any performance degradation of PPU, the interrupt 
handler may disable the thermal throttling before clearing the 
interrupt status bit. That is, the interrupt does not cause a 
change in the control register. Therefore, throttling is still 
enabled, but Suspended by the thermal management control 
unit, such as TMCU 402 of FIG.4, when an unmasked inter 
rupt is present. If the interrupt handler should reset the inter 
rupt status prior to handling the interrupt, the handler should 
set the control register to disable throttling (or reduce the 
amount of throttling to an acceptable level), reset the inter 
rupt, service the interrupt, and then re-enable throttling or set 
the amount of throttling back to the previous level. An exem 
plary disablement of thermal throttling may be performed by 
setting the thermal management control registers, such as 
thermal management control registers 430 of FIG.4, to OXX, 
where X is does not care. At the end of the interrupt routine, 
interrupt handler should set thermal management control reg 
isters back to its original value. If interrupt handler clears the 
interrupt status bit at the end of the interrupt routine, no 
additional work is required and the thermal management 
control state machine will keep the PPU out of throttle mode 
as long as interrupt status bit is active. 
0157 FIG. 12 depicts a flow diagram of the operation for 
hysteresis in thermal throttling in accordance with an addi 
tional illustrative embodiment. As previously described, the 
Cell BE chip includes a thermal management system that is 
provided through pervasive logic unit 351 of FIG. 3. Hyster 
esis in thermal throttling is the lag between making a change, 
Such as throttling and ending throttling, and the response or 
effect of that change. For example, if the throttling point is set 
to 75° C. and the end throttling point is set to 72° C., the 
hysteresis ranges from 75° C. to 72° C. FIG. 5 depicts a 
thermal throttling hysteresis. 
0158 Athermal management throttle point register, such 
as thermal management throttle point register 432 of FIG. 4. 
provides two temperature settings: throttle temperature and 
end throttle temperature. The throttle temperature should be 
set to higher than the end throttle temperature. The tempera 
ture difference defines the amount of hysteresis between the 
throttle temperature and end throttle temperature, thus pro 
viding a programmable amount of hysteresis. 
0159 Illustratively limiting the following discussion to 
one DTS, as the operation of hysteresis thermal throttling 
begins, the thermal management control state machine sets 
the throttle temperature and end throttle temperature in the 
thermal management throttle point register (step 1202). The 
thermal management control state machine senses the tem 
perature of the DTS (step 1204). The thermal management 
control state machine determines whether the sensed tem 
perature from the DTS is greater than or equal to the throttling 
temperature (step 1206). If the sensed temperature is not 
greater than or equal to the throttling temperature, the opera 
tion returns to step 1204. If at step 1206 the sensed tempera 
ture is greater than or equal to the throttling temperature, the 
thermal management control state machine initiates the throt 
tling mode (step 1208). 
0160 Again, the thermal management control state 
machine senses the temperature of the DTS (step 1210). The 
thermal management control state machine determines 
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whether the sensed temperature from the DTS is greater than 
or equal to the throttling temperature (step 1212). If the 
sensed temperature is not less than the end throttling tempera 
ture, the operation returns to step 1210. If at step 1212 the 
DTS is less than the end throttling temperature, the thermal 
management control state machine disables the throttling 
mode (step 1214), with the operation returning to step 1204. 
0.161 Thus, when temperature rises to equal or above the 
throttle temperature, the thermal management control state 
machine puts the unit into throttle mode, assuming the ther 
mal management control registers are properly configured to 
allow throttle mode. The thermal management control state 
machinekeeps the unit in throttle mode until temperature falls 
below end throttle temperature. If the end throttle temperature 
is less than throttle temperature, the identified hysteresis 
allows the unit to cool off sufficiently before disabling the 
throttle mode. Without the hysteresis, a unit could be in and 
out of the throttle mode very frequently and reduce the overall 
efficiency of throttling and the efficiency of the processor. 
0162 An exemplary method of throttling of a processor 
may be accomplished by blocking the dispatch of instruc 
tions. If throttling is enabled and disabled very frequently, 
then the pipeline of the processor may be flushed very often, 
thus, reducing the processing capability. Another exemplary 
method of throttling of a processor may be accomplished by 
slowing down the clock frequency. 
0163 FIG. 13 depicts a flow diagram of the operation of an 
implementation of thermal throttling logic in accordance with 
an additional illustrative embodiment. FIG. 13 represents a 
complete thermal management solution as described in the 
above Figures. As previously described, the Cell BE chip 
includes a thermal management system that is provided 
through pervasive logic unit 351 of FIG. 3. The TMCU such 
as TMCU 402 of FIG. 4 includes a number of dynamic 
thermal management registers. The dynamic thermal man 
agement registers are thermal management control registers, 
thermal management throttle point register, thermal manage 
ment stop time registers, thermal management throttle scale 
register, and thermal management system interrupt mask reg 
ister, such thermal management control registers 430 (TM 
CR1 and TM CR2), thermal management throttle point reg 
ister 432 (TM TPR), thermal management stop time registers 
434 (TM STR1 and TM STR2), thermal management 
throttle scale register 436 (TM TSR), and thermal manage 
ment system interrupt mask register 438 (TM SIMR) of FIG. 
4 

0164. Thermal management throttle point register sets the 
throttle point for the DTSs. Two independent throttle points 
may be set in thermal management throttle point register, one 
for the PPE and one for the SPEs. Also contained in this 
register are temperature points for enabling throttling and 
disabling throttling or stopping the PPE or SPEs. Execution 
throttling of a PPE or a SPE starts when the temperature is 
equal to or above the throttle point. Throttling ceases when 
the temperature drops below the temperature to disable throt 
tling. If the temperature reaches the full throttle or stop tem 
perature, the execution of the PPE or SPE is stopped. 
0.165. The thermal management control state machine 
uses thermal management stop time registers and thermal 
management throttle Scale register to control the frequency 
and amount of throttling. When the temperature reaches the 
throttle point, the thermal management control state machine 
stops the corresponding PPE or SPE for the number of clocks 
specified by the corresponding scale value in thermal man 
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agement throttle scale register. Then the thermal management 
control state machine allows the PPE or SPE to run for the 
number of clocks specified by the run value in thermal man 
agement stop time registers times the corresponding scale 
value. This sequence continues until the temperature falls 
below the disable throttling. 
0166 The thermal management control state machine 
uses thermal management system interrupt mask register to 
select which interrupts disable throttling of the PPE while the 
interrupt is pending. 
0167. Thermal management control registers set the throt 

tling mode for each PPE or SPE independently. Following are 
the five different modes that may be set for each PPE or SPE 
independently: 

0168 Dynamic throttling disabled (including the core 
stop safety). 

0169. Normal operation (dynamic throttling and the 
core stop safety are enabled). 

(0170 PPE or SPE is always throttled (core stop safety is 
enabled). 

0171 Core stop safety disabled (dynamic throttling 
enabled and the core stop safety are disabled). 

(0172 PPE or SPE is always throttled and core stop 
safety disabled. 

0173 As the operation for implementing thermal throt 
tling logic, the thermal management control state machine 
sets the throttle temperature and end throttle temperature in 
the thermal management throttle point register (step 1302). 
The thermal management control state machine senses the 
temperature of the DTS (step 1304). The thermal manage 
ment control state machine determines whether the sensed 
temperature from the DTS is greater than or equal to the 
throttling temperature (step 1306). If the sensed temperature 
is not greater than or equal to the throttling temperature, the 
operation returns to step 1304. If the sensed temperature is 
greater than or equal to the throttling temperature, the thermal 
management control state machine initiates the throttling 
mode (step 1308). 
0.174. Then, the thermal management control state 
machine controls the throttling by the type of throttling as 
indicated by the values indicated in the thermal management 
control registers (step 1310). Once the type of throttling is 
indicated, the thermal management control state machine 
then limits the throttling by the amount of throttling indicated 
in the thermal management stop time registers (step 1312). 
The stop time registers sets a ratio between how long the 
processor will be stopped and how long the processor will be 
allowed to run or the percentage of throttling. Finally, the 
thermal management control state machine scales the dura 
tion of the stop and run times by the value specified in the 
thermal management scale register (step 1314). At this point 
the operation splits for concurrent operations, steps 1316 and 
1322. At step 1316, the thermal management control state 
machine senses the temperature of the DTS. The thermal 
management control state machine determines whether the 
sensed temperature from the DTS is greater than or equal to 
the throttling temperature (step 1318). If the sensed tempera 
ture is not less than the end throttling temperature, the opera 
tion returns to step 1316. If the DTS is less than the end 
throttling temperature, the thermal management control state 
machine disables the throttling mode (step 1320), with the 
operation returning to step 1304. 
0175 Returning to step 1314, after the final throttling 
limitation is implemented, the thermal management control 

Aug. 28, 2008 

state machine concurrently monitors all PPU interrupt status 
for any interrupts that are pending (step 1322). If an interrupt 
is encountered while throttling is implemented, the thermal 
management control state machine temporarily disables any 
throttle mode until the interrupt has been handled, where 
upon, the throttling is enabled regardless of a partial throttle 
or full throttle state and the operation returns to step 1308. An 
in-depth discussion of monitoring for an interrupt status is 
discussed with regard to FIG. 11. 
0176 Thus, the thermal interrupt logic of the thermal man 
agement system included with the Cell BE chip provides a 
dynamic means for managing the thermal conditions of the 
Cell BE chip and protecting the Cell BE chip and its compo 
nentS. 

0177. The illustrative embodiments can take the form of 
an entirely hardware embodiment, an entirely software 
embodiment or an embodiment containing both hardware and 
software elements. The illustrative embodiments are imple 
mented in software, which includes but is not limited to 
firmware, resident Software, microcode, etc. 
0.178 Furthermore, the illustrative embodiments can take 
the form of a computer program product accessible from a 
computer-usable or computer-readable medium providing 
program code for use by or in connection with a computer or 
any instruction execution system. For the purposes of this 
description, a computer-usable or computer readable medium 
can be any tangible apparatus that can contain, store, com 
municate, propagate, or transport the program for use by or in 
connection with the instruction execution system, apparatus, 
or device. 
0179 The medium can be an electronic, magnetic, optical, 
electromagnetic, infrared, or semiconductor system (or appa 
ratus or device) or a propagation medium. Examples of a 
computer-readable medium include a semiconductor or Solid 
state memory, magnetic tape, a removable computer diskette, 
a random access memory (RAM), a read-only memory 
(ROM), a rigid magnetic disk and an optical disk. Current 
examples of optical disks include compact disk-read only 
memory (CD-ROM), compact disk-read/write (CD-R/W) 
and DVD. 
0180 A data processing system suitable for storing and/or 
executing program code will include at least one processor 
coupled directly or indirectly to memory elements through a 
system bus. The memory elements can include local memory 
employed during actual execution of the program code, bulk 
storage, and cache memories which provide temporary stor 
age of at least some program code in order to reduce the 
number of times code is retrieved from bulk storage during 
execution. 
0181 Input/output or I/O devices (including but not lim 
ited to keyboards, displays, pointing devices, etc.) can be 
coupled to the system either directly or through intervening 
I/O controllers. 
0182 Network adapters may also be coupled to the system 
to enable the data processing system to become coupled to 
other data processing systems or remote printers or storage 
devices through intervening private or public networks. 
Modems, cable modem and Ethernet cards are just a few of 
the currently available types of network adapters. 
0183 The description of the illustrative embodiments 
have been presented for purposes of illustration and descrip 
tion, and is not intended to be exhaustive or limited to the 
illustrative embodiments in the form disclosed. Many modi 
fications and variations will be apparent to those of ordinary 
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skill in the art. The embodiment was chosen and described in 
order to best explain the principles of the illustrative embodi 
ments, the practical application, and to enable others of ordi 
nary skill in the art to understand the illustrative embodiments 
for various embodiments with various modifications as are 
Suited to the particular use contemplated. 

1-10. (canceled) 
11. A data processing system comprising: 
a bus; 
a memory coupled to the bus, wherein the memory 

includes a set of instructions; and 
a integrated circuit coupled to the bus, wherein the inte 

grated circuit executes the set of instructions to sense, 
using a digital thermal sensor, a temperature in the inte 
grated circuit; 

read, using a thermal management control state machine, 
the sensed temperature of the digital thermal sensor, 

determine, using a comparator, if the sensed temperature is 
higher than a current maximal temperature; 

log, using the state machine, the sensed temperature in 
response to the sensed temperature being higher than the 
current maximal temperature, wherein the sensed tem 
perature becomes a new maximal temperature for the 
integrated circuit, wherein the log of the sensed tempera 
ture is accomplished by storing the new maximal tem 
perature in a maximal temperature status register within 
the integrated circuit; 

wherein the integrated circuit executes the set of instruc 
tions to determine, using the state machine, if a read of 
the new maximal temperature in the maximal tempera 
ture status register has occurred, wherein a device 
coupled to the integrated circuit performs the read of the 
new maximal temperature in the maximal temperature 
status register, 

in response to the read of the maximal temperature status 
register: (i) read, using the state machine, the sensed 
temperature of the digital thermal sensor, wherein the 
sensed temperature is the current maximal temperature 
of the integrated circuit, and (ii) replace, using the state 
machine, the new maximal temperature in the maximal 
temperature status register with the current maximal 
temperature sensed by the digital thermal sensor, 

wherein the integrated circuit executes the set of instruc 
tions to determine, using the state machine, if the inte 
grated circuit has been reset; and 

in response to the integrated circuit being reset: (i) read, 
using the state machine, the sensed temperature of the 
digital thermal sensor, wherein the sensed temperature is 
the current maximal temperature of the integrated cir 
cuit, and (ii) replace, using the state machine, the new 
maximal temperature in the maximal temperature status 
register with the current maximal temperature sensed by 
the digital thermal sensor. 

12. (canceled) 
13. (canceled) 
14. The system of claim 11, wherein the integrated circuit 

executes the set of instructions to maintain, using the state 
machine, the current maximal temperature in the maximal 
temperature status register as the maximal temperature of the 
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integrated circuit in response to the sensed temperature being 
lower or equal to the current maximal temperature. 

15. The system of claim 11, wherein the integrated circuit 
is a heterogeneous multi-core processor. 

16. A processor, comprising: 
at least one processing core; 
a thermal management control state machine; 
a comparator; and 
a digital thermal sensor, wherein the processor executes a 

set of instructions to sense, using the digital thermal 
sensor, a temperature in the processor; 

read, using the state machine, the sensed temperature of the 
digital thermal sensor, 

determine, using the comparator, if the sensed temperature 
is higher than a current maximal temperature; 

log, using the state machine, the sensed temperature in 
response to the sensed temperature being higher than the 
current maximal temperature, wherein the sensed tem 
perature becomes a new maximal temperature for the 
processor, wherein the log of the sensed temperature is 
accomplished by storing the new maximal temperature 
in a maximal temperature status register within the pro 
cessor, 

wherein the processor executes the set of instructions to 
determine, using the state machine, if a read of the new 
maximal temperature in the maximal temperature status 
register has occurred, and in response to the read of the 
maximal temperature status register: (i) read, using the 
state machine, the sensed temperature of the digital ther 
mal sensor, wherein the sensed temperature is the cur 
rent maximal temperature of the processor, and (ii) 
replace, using the state machine, the new maximal tem 
perature in the maximal temperature register with the 
current maximal temperature sensed by the digital ther 
mal sensor, wherein a device coupled to the processor 
performs the read of the new maximal temperature in the 
maximal temperature status register, and 

wherein the processor executes the set of instructions to 
determine, using the state machine, if the processor has 
been reset, and in response to the processor being reset: 
(i) read, using the State machine, the sensed temperature 
of the digital thermal sensor, wherein the sensed tem 
perature is the current maximal temperature of the pro 
cessor, and (ii) replace, using the state machine, the new 
maximal temperature in the maximal temperature status 
register with the current maximal temperature sensed by 
the digital thermal sensor. 

17. (canceled) 
18. (canceled) 
19. The processor of claim 16, wherein the processor 

executes the set of instructions to maintain, using the state 
machine, the current maximal temperature in the maximal 
temperature status register as the maximal temperature of the 
processor in response to the sensed temperature being lower 
or equal to the current maximal temperature. 

20. The processor of claim 16, wherein the processor is a 
heterogeneous multi-core processor. 

c c c c c 


