1. SYSTEM AND METHOD OF CONTROLLI NG PONER IN A MULTI THREADED PROCESSOR
BACKGROUND 1. Field [0001] The present disclosure generally relates to
digital signal processors and devices that wuse such processors. Mre
particularly, the disclosure relates to controlling the power of one or
nore resources within a digital signal processor or connected to a digital
signal processor. H Description of Rl ated Art [ 0002] Advances in
technol ogy have resulted in smaller and nore powerful personal conputing
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telephonés, personal digital assistants (PDAs), and paging devices that are small,

lightweight, and easily carried by users. More specifically, portable wireless telephones,
such as cellular telephones and IP telephones, can communicate voice and data packets
over wireless networks. Further, many such wireless telephones include other types of
devices that are incorporated therein. For example, a wireless telephone can also include a
digital still camera, a digital video camera, a digital recorder, and an audio file player.
Also, such wireless telephones can include a web interface that can be used to access the
Internet. As such, these wireless telephones include significant computing capabilities.
[0003] Typically, as these devices become smaller and more powerful, they become
increasingly resource constrained. For example, the screen size, the amount of available
memory and file system space, and the amount of input and output capabilities may be
limited by the small size of the device. Further, the battery size, the amount of power
provided by the battery, and the life of the battery is also limited. Often, even though a
device in which a digital signal processor is incorporated is in a standby mode and powered
down, leakage can occur at the digital signal processor. In other words, one or more
components within the digital signal processor or coupled to the digital signal processor

may continue to drain energy from the battery.



controlling power within a digital signal processor. SUWMVARY [0005] A
mul tithreaded processor device is disclosed and includes a plurality of
execution units to execute a plurality of programthreads and includes a
gl obal | ow power detection circuit. The gl obal | ow power detection
circuit includes an input that is respgnsive to each of the plurality of
program threads. The input indicates an execution activity |level for each
of the plurality of programthreads. The gl obal |ow power detection
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pl urali ty of execution units. In a particular enbodinent, the sequencer
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superscal ar “type instruction
plurality of program threads is in a sleep mode.

[0007] In another particular embodiment, the input for each of the plurality of program
threads indicates that each of the programs threads is going into the sleep mode for a
number of clock cycles. Moreover, the global low power detection circuit outputs a global
power off signal when all of the threads are going into the sleep mode for a number of
clock cycles and when a lowest number of the clock cycles for which a program thread will
remain in the sleep mode is above a predetermined threshold.

[0008] In yet another particular embodiment, the device also comprises a memory and a
plurality of instructions for each of the plurality program threads is stored within the
memory. A sequencer is coupled to the memory. The sequencer fetches the plurality of
instructions for each of the plurality of program threads from the memory and transmits the
plurality of instructions to at least one of the plurality of execution units. In a particular
embodiment, the sequencer supports very long instruction word (VLIW) type instructions.
Also, in a particular embodiment, the sequencer further supports execution of superscalar

type instructions.



[0009] In a particular enbodi nent, at |east one of the plurality of
execution units is a nmultiplication and accunul ati on (MAC) type execution
unit. Additionally, at least one of the plurality of instruction
execution units is a data |oad-store type instruction execution wunit.

[ 0010] In another enbodinent, a | ow power nultithreaded processor device
is disclosed and includes a plurality of |ocal resources, a plurality of
gl obal resources, and a plurality of programthreads. Each of the
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the out pufdication from each of a plurality of program threads at a low power detection circuit that
each of the plurality of program threads is going to sleep for a number of clock cycles,
determining a minimum number of clock cycles that any of the plurality of program
threads is to sleep, and storing that minimum number of clock cycles in a register. Further,
the method includes turning the power off to the one or more global resources,
decrementing a clock counter starting from the minimum number of clock cycles
stored in the register, and restoring the power to the one or more global resources prior to
the clock counter reaching zero.
[0013] In yet still another embodiment, a method of debugging a multithreaded digital
signal processor is provided and includes placing a device incorporating the multithreaded
digital signal processor in a standby mode, monitoring an output from a global low power
detection circuit responsive to a plurality of program threads of the multithreaded digital
signal processor, and monitoring whether a global power off signal is output by the output

of the global low power detection circuit.



of the global |ow power detection circuit. 4 [0014] In another

enbodi nent, a system for debugging a nultithreaded digital signal

processor is disclosed and includes a conputer and a Joint Test Action
Goup (JTAG interface at the conmputer. The JTAG interface at the
conputer is coupled to a JTAG mterfacég which is, in turn, coupled to the
mul tithreaded digital signal processor.” Further, the JTAG interface at
the conputer is configured to receive a global power off signal from a
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cycl es. Faragrasm thredde inglicates|thdt eechpafitbe plurality of program threads is in a sleep mode.
Additionally, the digital signal processor outputs a system power off signal to the
peripheral device.

[0016] In yet another embodiment, a global low power detection circuit within a
multithreaded processor is disclosed and includes means for receiving an input associated
with each of a plurality of program threads and means for selectively controlling the power
applied to the one or more global resources, based on the input from the plurality of
program threads.

[0017] In another embodiment, a global low power detection circuit within a multithreaded
processor is provided and includes means for receiving an indication for each of a plurality
of program threads at a low power detection circuit that each of the plurality of program
threads is going to sleep for a number of clock cycles. Further, the global low power
detection circuit includes means for determining a minimum number of clock cycles that
any of the plurality of program threads is to sleep, means for storing that minimum number

of clock cycles in a register, and means for turning the power off to the one or more global



detection circuit includes neans for determ ning a m ni num nunber of clock
cycles that any of the plurality of programthreads is to sl eep, neans
for storing that m ni num nunber of clock cycles in a register, and neans
for turning the power off to the one or nore global 5 resources.

Addi tionally, the global | ow power detection circuit includes nmeans for
decrenenting a clock counter starting fromthe m ni rum nunber of clock
cycles stored in the register and nmeans for restoring the pomer to the
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detection circuit within a digital signal processor outputs a global power off signal during
operation.

[0022] Still another advantage can include determining whether one or more program
threads executed by a multithreaded digital signal processor enters a sleep mode during
operation.

[0023] Yet another advantage can include turning the power on to one or more components
within the digital signal processor before the component requires the power to allow a
power capacitor to reach a full charge.

[0024] Other aspects, advantages, and features of the present disclosure will become
apparent after review of the entire application, including the following sections: Brief

Description of the Drawings, Detailed Description, and the Claims.

BRIEF DESCRIPTION OF THE DRAWINGS
[0025] The aspects and the attendant advantages of the embodiments described herein will

become more readily apparent by reference to the following detailed description when

taken in conjunction with the accompanying drawings wherein:

[0026] FIG. 1 is a general diagram of an exemplary digital signal processor;



[ 0025] The aspects and the attendant advantages of the enbodi nents

descri bed herein will becone nore readily apparent by reference to the
foll owi ng detail ed description when taken in conjunction with the
acconpanyi ng drawi ngs wherein: [0026] FIG 1 is a general diagramof an
exenplary digital signal processor; 6 [0027] FIG 2 is a general diagram
of a global |ow power detection circuitgthat can be included within the
digital signal processor shown in FIG 1; [0028] FIG 3 is a flow chart
illustrating a method of controlling power within the digital signal
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exenpl ary L j . . incorporating a digital signal processor.
DETAI LED [‘3%%%?@9&%@%3%3{ FIG 1 illustrates a block diagram of an
exenmp0ed3y, nonflG.ng is agerariodiagremntofaf p@tablti @nirdlniSdtigh alevigé QERFHRting [BSP)

100. As ildiqagsr.at din FIG 1, the DSP 100 includes a nenory 102 that is
coupled to BB ROEY 904 via a bus 106. In a particul ar enbodi nent, the
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unit [@68) a seemndo99leHGh AR ENSETYh ieQ&nﬂgliytwireless Internet Protocol telephone
incorporating a digital signal processor;
[0036] FIG. 11 is a general diagram of an exemplary portable digital assistant
incorporating a digital signal processor; and

[0037] FIG. 12 is a general diagram of an exemplary audio file player incorporating a
digital signal processor.

DETAILED DESCRIPTION
[0038] FIG. 1 illustrates a block diagram of an exemplary, non-limiting embodiment of a
digital signal processor (DSP) 100. As illustrated in FIG. 1, the DSP 100 includes a
memory 102 that is coupled to a sequencer 104 via a bus 106. In a particular embodiment,
the bus 106 is a sixty-four (64) bit bus and the sequencer 104 is configured to retrieve
instructions having a length of thirty-two (32) bits from the memory 102. The sequencer
104 is coupled to a first instruction execution unit 108, a second instruction execution unit
110, a third instruction execution unit 112, and a fourth instruction execution unit 114.
FIG. 1 indicates that each instruction execution unit 108, 110, 112, 114 can be coupled to a
general register file 116 via a first bus 118. The general register file 116 can also be

coupled to the sequencer 104 and the memory 102 via a second bus 120.



110, a third instruction execution unit 112, and a fourth instruction
execution unit 114. FIG 1 indicates that each instruction execution unit
108, 110, 112, 114 can be coupled to a general register file 116 via a
first bus 118. The general register file 116 can also be coupled to the
sequencer 104 and the menory 102 via a-gpecond bus 120, 7 [0039] In a
particul ar enbodi nent, the nenory 102 includes a first instruction cache
122, a second instruction cache 124, a third instruction cache 126, a
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instruction cache 132. Durl ng)éoper,at ion, the instruction caches 122, 124,
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cache 132.. [0041]. Duri.ng operation, the sequencer 104 can fe ‘
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fetches instructions fromthe instruction queues 136, 144,
146 in or §EFUeiogntache 128y 8t fifihh dnstnyetiono guayeeldd 186 it @ssobiatedi with thaigifthuct i on

queue 146;n:fhiden dstLim st ion fro e sixth.instruction queue
146, the ?nss'equt_encear 6%946’1%3?3?%@@1%&? %{ieogfqure é Tzlléng}af; ffc%sig(%%at%fﬁgﬁfgt BHxhng
cont i nues ifsBBdtionegchied$r uctions fromthe instruction queues 136, 138,

140, .. 144, , Ln order. [0042 a particul ar enbodi nent, the
sequg#g‘?a 104 Igéél?%lf) %eéfgtfoﬁl > ey ﬁ[eﬂg‘:tnc%oi]@ R étcg-lﬂ%wlcu@ﬁp@?@c?é?}a#ns@"éﬁ@@ncer
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ond node tha

enbodi msntIh (%Ee se%itéencer al so operates in a sec t upports
very | ong®RPorimpifctie SpaumBse AOF fapghes instrugtions Siom the inspmctiorogeaes, 1360838,

sequencer 1aRn49PRf4at 86 3$ oftief Y the first instruction queue 136 to the sixth instruction
queue 146. After fetching an instruction from the sixth instruction queue 146, the
sequencer 104 returns to the first instruction queue 136 and continues fetching instructions
from the instruction queues 136, 138, 140, 142, 144, 146 in order.

[0042] In a particular embodiment, the sequencer 104 operates in a first mode as a 2-way
superscalar sequencer that supports superscalar instructions. Further, in a particular
embodiment, the sequencer also operates in a second mode that supports very long
instruction word (VLIW) instructions. In particular, the sequencer can operate as a 4-way
VLIW sequencer. In a particular embodiment, the first instruction execution unit 108 can
execute a load instruction, a store instruction, and an arithmetic logic unit (ALU)
instruction. The second instruction execution unit 110 can execute a load instruction and
an ALU instruction. Also, the third instruction execution unit can execute g multiply
instruction, a multiply-accumulate instruction (MAC), an ALU instruction, a program

redirect construct, and a transfer register (CR) instruction. FIG. 1 further indicates that the



VLI Wsequencer. In a particular enbodinent, the first instruction
execution unit 108 can execute a |load instruction, a store instruction,
and an arithnetic logic unit (ALT) instruction. The second instruction
execution unit 110 can execute a load instruction and an ALU instruction.
Al'so, the third instruction execution upit can execute a multiply
instruction, a multiply-accunulate instruction (MAC), an ALU instruction,
a program redirect construct, and a transfer register (CR) instruction.
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power con oshie e mmamorydEd the seanenes| 10¢handpeask rof the instruction
execution units 108, 110, 112, 114. Further, the power control system 160 can be coupled

to other components within the DSP 100, or coupled to the DSP 100, that consume power.

[0046] Referring to FIG. 2, a power control system is shown and is generally designated
200. The power control system 200 shown in FIG. 2 is an exemplary, non-limiting
embodiment of the power control system 160 described in conjunction with FIG. 1. In a
particular embodiment, the power control system 200 can be used to control the power
within a multi-threaded DSP, e.g., the multi-threaded DSP 100 shown in FIG. 1. As
depicted in FIG. 2, the system 200 includes a global low power detection circuit (GLPDC)
202. In a particular embodiment, the GLPDC 202 includes a first input 204, a second input
206, a third input 208, a fourth input 210, a fifth input 212, and a sixth input 214.
Additionally, in a particular embodiment, the GLPDC 202 includes an output 216.

[0047] FIG. 2 indicates that a first program thread state module 218 is coupled to the
GLPDC 202, e.g., to the first input 204 of the GLPDC 202. As shown, the first program

thread state module 218 includes a low power state detector 220 that outputs a state signal



within a rnulti-threaded DSP, e.g., the nmulti-threaded DSP 100 shown in
FIG 1. As depicted in FIG 2, the system 200 includes a gl obal |ow power
detection circuit (GPDC) 202. In a particular enbodi nent, the G.PDC 202
includes a first input 204, a second input 206, a third input 208, a
fourth input 210, a fifth input 212, angd a sixth input 214. Additionally,
in a particular enbodi nent, the GLPDC 202 i ncludes an output 216. [0047]
FIG 2 indicates that a first programthread state nodule 218 is coupl ed

to the G2DE& IRLLEDQ202.tH 4 fetduldr etnbbdiRisht, a%te@é 31gm g& a?e ShefiRr
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GLPDC 202, e.g., to the fourth input 210 of the GLPDC 202. As shown, the fourth
program thread state module 242 includes a low power state detector 244 that outputs a
state signal 246 to the GLPDC 202. In a particular embodiment, the state signal 246
indicates whether or not a fourth program thread associated with the fourth program thread
state module 242 is in a sleep mode. Further, in a particular embodiment, the fourth
program thread state module 242 is coupled to at least one local resource 248.

[0051] FIG. 2 indicates that a fifth program thread state module 250 is coupled to the
GLPDC 202, e.g., to the fifth input 212 of the GLPDC 202. As shown, the fifth program
thread state module 250 includes a low power state detector 252 that outputs a state signal
254 to the GLPDC 202. In a particular embodiment, the state signal 254 indicates whether
or not a fifth program thread associated with the fifth program thread state module 250 is in
a sleep mode. Further, in a particular embodiment, fifth the program thread state module

250 is coupled to at least one local resource 256.



state nodule 242 is in a sleep node. Further, in a particular enbodi nent,
the fourth programthread state nodule 242 is coupled to at | east one

| ocal resource 248. [0051] FIG 2 indicates that a fifth programthread
state nmodule 250 is coupled to the G.PDC 202, e.g., to the fifth input
212 of the GPDC 202. As shown, the fifigh program thread state nodule 250
i ncludes a | ow power state detector 252 that outputs a state signal 254
to the GLPDC 202. In a particular enbodi nent, the state signal 254
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resource 264. [0053] As iilustrate 2, a first resource
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coupled to the third global resource 270 between the third global resource 270 and the
GLPDC 202.

[0054] In a particular embodiment, the GLPDC 202 includes detection logic 280 that can
be used to detect when each of the program thread state modules 218, 226, 234, 242, 250,
258 indicate that the associated program threads are in a sleep mode. If all of the
associated program threads are in a sleep mode the GLPDC 202 can output a global low
power off signal 282 to the single, centralized switch 272 in order to de-energize the global
resources 266, 268, 270. In an alternative embodiment, the GLPDC 202 can output the
global low power off signal 282 to each of the distributed switches 274, 276, 278 in order
to de-energize the global resources 266, 268, 270. In an alternative embodiment, the
GLPDC 202 can output a system power off signal 284 to one or more input/output pins
286, 288 in order to turn the power off to one or more selected peripheral components
coupled to the digital signal processor in which the GLPDC 202 is installed. In an

illustrative embodiment, the peripheral components can include a display controller, a



be used to detect when each of the programthread state nodul es 218, 226,
234, 242, 250, 258 indicate that the associated programthreads are in a
sleep nmode. If all of the associated programthreads are in a sl eep node
the GLPDC 202 can output a global Iow power off signal 282 to the single,
centralized switch 272 in order to de-gpergize the global resources 266,
268, 270. In an alternative enbodi nent, the G.PDC 202 can output the

gl obal | ow power off signal 282 to each of the distributed switches 274,
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gl obal  r emeYIdBESlow power detection circuit turns off the power to one or more global resources.
In a particular embodiment, the global low power detection circuit turns off the power to
the global resources by outputting a global power off signal to a centralized switch that is
coupled to each of the global resources. In an alternative embodiment, the global low
power detection circuit turns off the power to the global resources by outputting a global
power off signal to a plurality of distributed switches that are coupled to respective global
resources.

[0057] Proceeding to decision step 314, the global low power detection circuit determines
whether an interrupt request is received for any program thread. If not, the method moves
to block 316 and the global low power detection circuit maintains the power off conditions.
The method then returns to decision step 314. At decision step 314, if an interrupt request
is received for any of the program threads, the method continues to block 318 and the

power to the global resources is turned on. The method then moves to decision step 306

and continues as described above.



In a particular enbodi nent, the global | ow power detection circuit turns
off the power to the global resources by outputting a global power off
signal to a centralized switch that is coupled to each of the gl oba
resources. In an alternative enbodi rent, the global |ow power detection
circuit turns off the power to the global resources by outputting a gl obal
power off signal to a plurality of distributed switches that are coupl ed
to respective global resources. [0057] Proceeding to decision step 314,
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nunber of sleep clock cycles is greater
than a threshold, e.g.,”one thousand clock cycles. If not, the method returns to block 402
and continues as described herein. On the other hand, if the lowest number of sleep clock
cycles is greater than the threshold, the method moves to block 414.

[0060] At block 414, the global low power detection circuit turns off the power to selected
system resources. In particular embodiment, the global low power detection circuit turns
off the power to the selected system resources by turning off the power to selected
input/output pins within the digital signal processor that are coupled to the selected system
resources.. Moving to block 416, the global low power detection circuit turns off the
power to one or more global resources. In a particular embodiment, the global low power
detection circuit turns off the power to the global resources by outputting a global power
off signal to a centralized switch that is coupled to each of the global resources, In an
alternative embodiment, the global low power detection circuit turns off the power to the
global resources by outputting a global power off signal to a plurality of distributed
switches that are coupled to respective global resources At block 418, the global low

power detection circuit stores the lowest number of sleep clock cycles in a control register.



than a threshold, e.g., one thousand clock cycles. If not, the nethod
returns to block 402 and continues as described herein. On the other
hand, if the | owest nunber of sleep clock cycles is greater than the
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conmputer r eadabl
ITAG 1nterface 512 that is coupled to the JTAG interface 508 of the computer 502. In a

particular embodiment, an output signal 514 from the DSP 510 is transmitted from the DSP
510 to the computer 502, e.g., from the JTAG interface 512 of the DSP 510 to the JTAG
interface 508 of the computer 502. In a particular embodiment, the output signal 514
includes a first thread state signal, a second thread state signal, a third thread state signal, a
fourth thread state signal, a fifth thread state signal, and a sixth thread state signal. Further,
the output signal 514 includes a global power off signal. FIG. 5 also shows an input device
516 and a display device 518 that are coupled to the computer 502.

[0065] In a particular embodiment, the output signal 514 from the DSP 510 can be
processed by the computer 502 to yield a first thread state si gnal plot 520, a second thread
state signal plot 522, a third thread state signal plot 524, a fourth thread state signal plot
526, a fifth thread state signal plot 528, and a sixth thread state signal plot 530. The output



506 that is accessible to the processor 504. FIG 5 also shows a Joint
Action Testing Goup (JTAG interface 508 that is coupled to the
processor 504. [0064] As shown in FIG 5, a digital signal processor (DSP)
510, e.g., a multi-threaded DSP, is coupled to the conputer 502. In a
particul ar enbodi nent, the DSP 510 inclydes a JTAG interface 512 that is
coupled to the JTAGinterface 508 of the conputer 502. In a particular
enbodi ment, an output signal 514 fromthe DSP 510 is transmtted fromthe
DSP 510 tstpnbh®14CHREMUEDSBB20 céh fso bd poBRstdierhaEos e DSP
510 to theQ?JnTAG interface 508 of theﬁcorrput eygﬁg\(%%nﬁﬁtﬁfg@fpg)r}?lé%&fgé?bw
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in FIG 5 alpeurs| Whegtangof e Wirrsd diaresignals ndichtes that powesociafell ppoprirhon 558
of the gl mab hpoXEd Hd 12 3L, Bl RIG. 5, the first stop 564 corresponds to the end of the

first sleep portion 538 of the second thread state si gnal plot 522,

[0068] Additionally, in an illustrative embodiment, the second power off portion 560 of
the global power off signal plot 532 includes a second start 566 that occurs when all thread
state signal plots 520, 522, 524, 526, 528, 530 enter the second sleep mode portion 536,
540, 544, 550, 554, 558. Moreover, the second power off portion 560 of the global power
off signal plot 532 includes a second stop 568 that occurs when one of the thread state
signals indicates that an associated program thread has exited the sleep mode. In FIG. 5,
the second stop 568 corresponds to the end of the second sleep portion 536 of the first
thread state signal plot 520.

[0069] As described in detail below, the system 500 can be used to debug a DSP. For
example, if the global power off signal plot 532 remains flat, indicating that the global
power off signal is not output by the digital signal processor, a user can review the thread
state signal plots 520, 522, 524, 526, 528, 530 in order to determine if any of the



532 includes a first start 562 that occurs when all thread state signal
pl ots 520, 522, 524, 526, 528, 530 enter the first sleep node portion
534, 538, 542, 546, 550, 554. Moreover, the first power off portion 558
of the gl obal power off signal plot 532 includes a first stop 564 that
occurs when one of the thread state sigpals indicates that an associated
program thread has exited the sleep nobde. In FIG 5, the first stop 564
corresponds to the end of the first sleep portion 538 of the second
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program t kseeshli. Mhieeadias thitaénds Best@ssieci ated programthread is in a sleep

nDde.[0072] Returning to decision step 612, if the percentage of total test time that the global
power off signal is output is not greater than the threshold, the method proceeds to block
618 and the computer indicates a test failure. Thereafter, at decision step 620, the
computer determines whether the percentage of total test time that the global power off
signal is output is equal to zero. If not, the method ends at state 616. On the other hand, if
the percentage of total test time that the global power off signal is output is not equal to
zero, the method proceeds to block 622. At block 622, the computer determines a
percentage of total test time that the state signal for each program thread indicates that the
associated program thread is in the sleep mode.

[0073] Continuing to decision step 624, the computer determines whether the percentage

of total test time that the state signal for any program thread indicates that the associated
program thread is in sleep mode is equal to zero. If not, the method ends at state 616. On
the other hand, the method proceeds to block 626 and the computer indicates that the
associated program thread is not sleeping. Thereafter, at block 628, the computer indicates

that the program thread that is not sleeping should be modified. In a particular



[0071] At block 610, the conputer determ nes a percentage of total test
tinme that the global power off signal is output. Myving to decision step
612, the conputer determ nes whether the percentage of total test tine
that the gl obal power off signal is output is greater than a threshold.

I f so, the nethod continues to block 614 and the conputer indicates a
successful test result. The nethod thegg ends at step 616. [0072]
Returning to decision step 612, if the percentage of total test tine that
the gl obal power off signal is output is not greater than the threshold,
t he met hodnpodieeadstht Qrbgrask thr@lSsiaild b endHeREAULE hdt el fdeSicAl) S8lps,
failure. Thereaf ?cisipn step 620, the conputer determ nes
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[0076] In a particular embodiment, the first instruction of the fourth program thread 706

also includes a decode step 750, a register file access step 752, a first execution step 754, a
second execution step 756, a third execution step 758, and a writeback step 760.
Additionally, as shown in FIG. 7, the first instruction of the fifth program thread 708
includes a decode step 762, a register file access step 764, a first execution step 766, a
second execution step 768, a third execution step 770, and a writeback step 772.
Moreover, the first instruction of the sixth program thread 710 includes a decode step 774,
a register file access step 776, a first execution step 778, a second execution step 780, a
third execution step 782, and a writeback step 784. Finally, as depicted in FIG. 7, the
second instruction of the first thread 712 includes a decode step 786, a register file access
step 788, a first execution step 790, a second execution step 792, a third execution step
794, and a writeback step 796.

[0077] In a particular embodiment, as indicated in FIG. 7, the decode step 726 of the first

instruction of the second program thread 702 is performed concurrently with the register



decode step 714, a register file access step 716, a first execution step
718, a second execution step 720, a third execution step 722, and a
writeback step 724 for the first instruction of the first programthread
700. The first instruction of the second program thread 702 includes a
decode step 726, a register file accesgystep 728, a first execution step
730, a second execution step 732, a third execution step 734, and a
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the first instruction of the second program thread 702, and the writeback step 724 of the

first instruction of the first program thread 700.

[0079] As indicated in FIG. 7, the decode step 786 of the first thread of the second
instruction 712 is performed concurrently with the register file access step 776 of the sixth
thread of the first instruction 710, the first execution step 766 of the first instruction of the
fifth program thread 708, the second execution step 756 of the first instruction of the fourth
program thread 706, the third execution step 746 of the first instruction of the third
program thread 704, and the writeback step 736 of the first instruction of the second
program thread 702.

[0080] In a particular embodiment, the decode step, the register file access, step, the first
execution step, the second execution step, the third execution step, and the write back step
for each of the instructions of the program threads establish instruction pipelines for the
program threads. Each pipeline utilizes a number of clock cycles, e.g., six clock cycles,

that is less than an instruction issue rate, seven clock cycles, for each program thread



[0078] FIG 7 further shows that the decode step 762 of the first
instruction of the fifth programthread 708 is performed concurrently
with the register file access step 752 of the first instruction of the
fourth programthread 706, the first execution step 742 of the first
instruction of the third programthreagy;704, the second execution step 732
of the first instruction of the second programthread 702, and the third
execution step 722 of the first instruction of the first programthread
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FIG 1 anduléseddingeeb pescess instrhéfions ARG ProdtsP! iMads necessary to

perform the functionality and operations needed by the various components of the portable

communication device 820. For example, when a wireless communication session is
established via the wireless antenna a user can speak into the microphone 838. Electronic
signals representing the user’s voice can be sent to the CODEC 834 to be encoded. The
digital signal processor 824 can perform data processing for the CODEC 834 to encode the
electronic signals from the microphone. Further, incoming signals received via the
wireless antenna 842 can be sent to the CODEC 834 by the wireless controller 840 to be
decoded and sent to the speaker 836, The digital signal processor 824 can also perform the
data processing for the CODEC 834 when decoding the signal received via the wireless
antenna 842,

[0084] Further, before, during, or after the wireless communication session, the digital
signal processor 824 can process inputs that are received from the input device 830. For

example, during the wireless communication session, a user may be using the input device



controller 826 that is coupled to the digital signal processor 824 and a
di splay 828. Moreover, an input device 830 is coupled to the digital
signal processor 824. As shown, a nenory 832 is coupled to the digital
signal processor 824. Additionally, a coder/decoder (CODEC) 834 can be
coupled to the digital signal processor,824. A speaker 836 and a

m cr ophone 838 can be coupled to the C 830. [0082] FIG 8 also
indicates that a wireless controller 840 can be coupled to the digital

si gnal pr @eeasdthe&Rply 8280 Wirf Heds®rRNViaRANREE3wsdr T 1s°<9ﬁl§édﬁéﬁ Rthi be
enbodi rrent Oég supply 844 is coupled to the on-chip system 56
Nbr eover, g%@ pf tgIpertaldesemmyaisation deyice|820 s {Tha digital sigml @ro<:8$sot Bt

di spl ay a2, ik iRl \Phion Yo Hi0a0sL R FOGRIS fi2iout B8ichE ARNQDS,P5C

the wirel ess antenna wer supply are
on-chi p sysuteailes 820, Hhswdismiay 8@&ctlne| SOPEGpPsE ancb tiee eduepenesitdier tshe, an- ch| P
system 822 cul nbodi nent.,. t he gi tal signal

processor 532%'199(}82?%?1% gtg elﬁﬁ %&t Y C&%}%%l tﬁ?’rﬂﬁ)ecr?tlor'?rog 3 Iﬁﬁtagi? GorREdcatiph d¥igct i ons

associ at e@20ahth tipr Og‘tcﬁlmcbmpSMSs heR@s S Mayto? thd &lstEBnk Nesdclangt kAN d tY
and operatl ons needed, by the various conponents of the portable

comuni cat'FoWSEs R tg‘?éds 6 exespiadroacurignty during peg @nglotﬁoﬁnﬂm)@hﬁ@l oA
sessi on | Suchieolics Bifleneldy ddiSutbi il 8% IUENORA NI AP SREAKuAN! © LNe

m crophone 838. 'El ectronic ™ signhals representing User) - Vol ce
sent to tHecreases=CFedber; vsikg o ontw: offthe m@th@i tiescribédyataive plaeb gsoirc&24 can

performd C 834 el ectronic

si gnal s f?%%"oﬁg(a%%cr ogﬁgl%roctelt—kg)rt er’ PPHES Oﬁg rﬁ%ﬁ“&ﬁ%ﬂ’@?@%&?%&“‘\?ﬂé’% he
wirel ess detiengras Bu@a standbyenaienThug pbiver €N sGdhcby, the wirel ess
contrw r 840 Lo et gﬁ(?%de and sent to the sgeaker 836. The digital

si gnzg p]e roces s%? %2 > 80 CXERRlYY Rquramiting embedimentsafiargliplar teleneoneODEC
834 when theshosthngd ﬁd"lgbnstaﬂ?@lsmgﬁ@&l R0 M droe i de h1gS R1cp AN COMA s

[0084] Further,. before, during, or after the wreless ¢ S car
session, FhEMEN svfem 9P rihat lﬁﬁlé@@sé sigigh hasshandppoceser Ppund ahhaltalogr e
recei ved g uring,t he
Communi cat’ oo eaieBRk 2C e 8 Hubled It bR i na o g8 and

t he di spl base'gRg nrocessorf92thie d dtgaahagnalllaoc&sswbe Br ansar, 1thh§1’fgné1§prggggﬂded
0. The

wthin th ortable.c i cati on device 8

di gi t al s?’gr‘@ﬁ procggls]%r Eed E%f 1 rflt‘selr] ’\Pampoﬁsaﬁﬁ@&b’&‘r?ﬂtfﬂi@éé’ég t hat
are used imd 4 hechsepih od@mmae 9880ye & le‘é'téﬁh@ e ydi spl ay
828, the CODE the wirel eess&%ont r ol Mlgnﬁl‘)&?sé%hfi%%%gg%bgg% hlgr ein,

to effici®hb P?O%gﬁ?e&dww 99p &xEmable thy on- Plép pwstana BP2isconpladioctat dieplaglevi ce

controller 928 and the touchscreen controller 930.

[0086] FIG. 9 further indicates that a video encoder 934, e.2., a phase alternating line
(PAL) encoder, a sequential couleur a memoire (SECAM) encoder, or a national television
system(s) committee (NTSC) encoder, is coupled to the digital baseband processor 924,
Further, a video amplifier 936 is coupled to the video encoder 934 and the touchscreen
display 932. Also, a video port 938 is coupled to the video amplifier 936. As depicted in
FIG. 9, a universal serial bus (USB) controller 940 is coupled to the digital baseband
processor 924. Also, a USB port 942 is coupled to the USB controller 940, A memory
944 and a subscriber identity module (SIM) card 946 can also be coupled to the digital
baseband processor 924. Further, as shown in FIG. 9, a digital camera 948 can be coupled
to the digital baseband processor 924. In an exemplary embodiment, the digital camera

948 is a charge-coupled device (CCD) camera or a complementary metal-oxide
semiconductor (CMOS) camera.



820 and the various conponents therein. Many of the instructions
associated with the various programthreads are executed concurrently
during one or nore clock cycles. As such, the power and energy
consunption due to wasted clock cycles may be substantially decreased.
Further, using one or nore of the neth g descri bed above gl obal resources
W thin the digital signal processor can be powered off when the portable
comuni cation device goes into a standby node. Thus, power |eakage is
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alternating current (AC) to DC transformer that is connected to an AC power source.

[0089] In a particular embodiment, as depicted in FIG. 9, the touchscreen display 932, the
video port 938, the USB port 942, the camera 948, the first stereo speaker 954, the second
stereo speaker 956, the microphone, the FM antenna 964, the stereo headphones 966, the
RF switch 970, the RF antenna 972, the keypad 974, the mono headset 976, the vibrator
978, and the power supply 980 are external to the on-chip system 922. Moreover, in a
particular embodiment, the digital baseband processor 924 can use interleaved
multithreading, described herein, in order to process the various program threads
associated with one or more of the different components associated with the cellular
telephone 920. Further, using one or more of the method described above global resources
within the digital signal processor can be powered off when the portable communication
device goes into a standby mode. Thus, power leakage is reduced.

[0090] Referring to FIG. 10, an exemplary, non-limiting embodiment of a wireless Internet

protocol (IP) telephone is shown and is generally designated 1000. As shown, the wireless



m crophone anplifier 958 can be al so coupled to the stereo audi o CODEC
950. Additionally, a m crophone 960 can be coupled to the m crophone
anplifier 958. In a particular enbodi nent, a frequency nodul ation (FM
radi o tuner 962 can be coupled to the stereo audio CODEC 950. Al so, an FM
antenna 964 is coupled to the FMradio iuner 962. Further, stereo
headphones 966 can be coupled to the st2 reo audi o CODEC 950. [0088] FIG 9
further indicates that a radio frequency (RF) transceiver 968 can be
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(DSP) 10049 thenlWhAPahas¢hand arocesspoidfend an RifeankSRa 10334403n§3etdmapldd o nha[RFSI gnal
PTOCESSOT transceiver 1032. In a particular embodiment, a Bluetooth controller 1036 can also be
coupled to the DSP 1004 and a Bluetooth antenna 1038 can be coupled to the controller
1036. FIG. 10 also shows that a USB port 1040 can also be coupled to the DSP 1004.
Moreover, a power supply 1042 is coupled to the on-chip system 1002 and provides power
to the various components of the wireless IP telephone 1000 via the on-chip system 1002.
[0093] In a particular embodiment, as indicated in FIG. 10, the display 1008, the keypad
1010, the LED 1020, the mono speaker 1026, the mono headset 1028, the RF antenna
1034, the Bluetooth antenna 1038, the USB port 1040, and the power supply 1042 are
external to the on-chip system 1002. However, each of these components is coupled to one
or more components of the on-chip system. Further, in a particular embodiment, the digital
signal processor 1004 can use interleaved multithreading, as described herein, in order to
process the various program threads associated with one or more of the different

components associated with the IP telephone 1000.



shown in FIG 1 and described herein. As illustrated in FIG 10, a display
controller 1006 is coupled to the DSP 1004 and a display 1008 is coupl ed
to the display controller 1006. In an exenplary enbodi ment, the display
1008 is a liquid crystal display (LCD). FIG 10 further shows that a
keypad 1010 can be coupled to the DSP 3904. [0091] As further depicted in
FIG 10, a flash nenory 1012 can be coupled to the DSP 1004. A
synchronous dynam ¢ random access nenory (SDRAM 1014, a static random
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cﬂo %%jé mf26t ar?d a %ucrgpho?le 1134 can be coupled to the microphone amplifier
1132. FIG. 11 further shows that a second stereo amplifier 1136 can be coupled to the
stereo audio CODEC 1126 and a second stereo speaker 1138 can be coupled to the second
stereo amplifier 1136. In a particular embodiment, stereo headphones 1140 can also be
coupled to the stereo audio CODEC 1126.
[0097] FIG. 11 also illustrates that an 802.11 controller 1142 can be coupled to the DSP
1104 and an 802.11 antenna 1144 can be coupled to the 802.11 controller 1142. Moreover,
a Bluetooth controller 1146 can be coupled to the DSP 1104 and a Bluetooth antenna 1148
can be coupled to the Bluetooth controller 1146, As depicted in FIG. 11, a USB controller
1150 can be coupled to the DSP 1104 and a USB port 1152 can be coupled to the USB
controller 1150. Additionally, a smart card 1154, e.g., a multimedia card (MMC) or a
secure digital card (SD) can be coupled to the DSP 1104. Further, as shown in FIG. 11, a
power supply 1156 can be coupled to the on-chip system 1102 and can provide power to

the various components of the PDA 1100 via the on-chip system 1102.



assistant (PDA) that is generally designated 1100. As shown, the PDA 1100
i ncludes an on-chip system 1102 that includes a digital signal processor
(DSP) 1104. In a particular enbodinment, the DSP 1104 is the digital
signal processor shown in FIG 1 and described herein. As depicted in
FIG 11, a touchscreen controller 1106,and a display controller 1108 are
coupled to the DSP 1104. Further, a touchscreen display is coupled to the
touchscreen controller 1106 and to the display controller 1108. FIG 11
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on-chip system1102. _
a display 1208 is coupled to the display controller 1206, In an exemplary embodiment, the

display 1208 is a liquid crystal display (LCD). FIG. 12 further shows that a keypad 1210
can be coupled to the DSP 1204.

[00100] As further depicted in FIG. 12, a flash memory 1212 and a read only memory
(ROM) 1214 can be coupled to the DSP 1204. Additionally, in a particular embodiment,
an audio CODEC 1216 can be coupled to the DSP 1204. An amplifier 1218 can be
coupled to the audio CODEC 1216 and a mono speaker 1220 can be coupled to the
amplifier 1218. FIG. 12 further indicates that a microphone input 1222 and a stereo input
1224 can also be coupled to the audio CODEC 1216. In a particular embodiment, stereo
headphones 1226 can also be coupled to the audio CODEC 1216.

[00101] FIG. 12 also indicates that a USB port 1228 and a smart card 1230 can be coupled
to the DSP 1204. Additionally, a power supply 1232 can be coupled to the on-chip system

1202 and can provide power to the various components of the audio file player 1200 via
the on-chip system 1202.



[0098] In a particular enbodinent, as indicated in FIG 11, the display
1110, the keypad 1112, the IrDA port 1122, the digital canera 1124, the
first stereo speaker 1130, the m crophone 1134, the second stereo speaker
1138, the stereo headphones 1140, the 802.11 antenna 1144, the Bl uetooth
antenna 1148, the USB port 1152, and the power supply 1150 are external
to the on-chip system 1102. However, each of these conponents is coupled
to one or nore conponents on the on-chip system Additionally, in a
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1202. e Processor. tP%r example, if the murl)ti—tl%eaded processor does not output a grioba)ll

power off signal, an indication can be provided to a user that one or more program threads
within the multi-threaded process is not sleeping. Accordingly, the program thread that is
not sleeping can be modified so that it does sleep while the device is in standby mode.
[00104] Those of skill would further appreciate that the various illustrative logical blocks,
configurations, modules, circuits, and algorithm steps described in connection with the
embodiments disclosed herein may be implemented as electronic hardware, computer
software, or combinations of both. To clearly illustrate this interchan geability of hardware
and software, various illustrative components, blocks, configurations, modules, circuits,
and steps have been described above generally in terms of their functionality. Whether
such functionality is implemented as hardware or software depends upon the particular
application and design constraints imposed on the overall system. Skilled artisans may
implement the described functionality in varying ways for each particular application, but

such implementation decisions should not be interpreted as causing a departure from the

scope of the present disclosure.



24 [00102] In a particular enbodinent, as indicated in FIG 12, the

di splay 1208, the keypad 1210, the nono speaker 1220, the m crophone i nput
1222, the stereo input 1224, the stereo headphones 1226, the USB port
1228, and the power supply 1232 are external to the on- chip system 1202.
However, each of these conponents is c gpled to one or nore conponents on
the on-chip system Also, in a particular enbodi nent, the digital signal
processor 1204 can use interleaved nultlthreading, descri bed herein, in

or der roce r ted t or
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such inpl enentati on deci sions should not be interpreted as causing a
departure fromthe scope of the present disclosure. 25 [00105] The steps
of a nmethod or algorithmdescribed in connection with the enbodi nents

di scl osed herein may be enbodied direstly in hardware, in a software

nodul e executed by a processor, or in a conbination of the two. A
software nodul e nmay reside in RAM A% , flash nenory, ROM nenory, PROM
menory, EPROM nmenory, EEPROM mem)Fér‘fE %i sters, hard disk, a renovable
disk, a CO-ROM or any other form of storage nediumknown in the art. An
exenpl ary storage nmediumis coupled to the processor such that the
proces$or caAmulggideddefl promsiondeficoeqmpntdngiri te i nformati on to, the storage

‘medium In th |ternative, the storage ium-nmay be.integral to the
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followng clains. 26 CLAIMS | . A nultithreaded processor device

conpri si ng: pagpinythatddsythe fo@x exprovida amemeslevel sgwdiand a plural ity of
program threads; a global |ow pgwer detecti.on.cifcuit, cC rising.;an
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threads is geiphigselastivels conselp an pwdentfadpogenpistited ¢ thel aneler eyase evbaland t he
nunber of clock cycles that indicate a duration of the sleep node for
each of the'tHY&%Us is determined by programcontrol; logic to eval uate

t he execution activity |level of each of the plurality of

2. The device of claim 1, wherein each input indicates whether an associated program

thread is in a sleep mode.

3. The device of claim 2, wherein the output is a global power off signal that turns off
the power to the one or more global resources after the logic determines that each of the

plurality of program threads is in a sleep mode.

4. The device of claim 3, wherein the global low power detection circuit outputs a global
power off signal when all of the threads are going into the sleep mode for a number of clock
cycles and when a lowest number of the clock cycles for which a program thread will remain

in the sleep mode is above a predetermined threshold.

5. The device of claim 1, further comprising:
a memory, wherein a plurality of instructions for each of the plurality of program

threads is stored within the memory; and



programthreads, the logic to provide a power |evel signal; and an out put
responsive to the power |evel signal, wherein the output is coupled to
one or nore global resources within the nmultithreaded processor and
wherein the output selectively contrXdls an anount of power provided to
the one or nore global resources. 2. The device of claim1l, wherein each
i nput i ndi cates whet her (o]0} . r .S p node.
I R B T i

t hat t kfagctidhf forteaeh poMe pldrality € paupeard thremiseragh dlrahemesaikdaessafts g t he
| ogic determ nes that each of the plurality of programthreads is in a
sl eep PwEdity af inyiectigay fcd Lot encpiihaplugiisy of sreeWeoryiiisal | ow power
detection circuit outputs a global power off signal when all of the
threads are going into the sleep node for a nunber of clock cycles and

when agl oweShe asindest ddint $)eviekas khetpqhased wpputs vty doryr iagiration voedd wi | |
remain_in the sleep node is above a predeterm ned threshold. 5. The

devi ce(\GEI W)} penpirugtiiSher conprising: a menory, wherein a plurality of
instructions for each of the plurality of program threads is stored
within the nenory; and 27 a sequencer coupled to the nmenory, wherein the
sequenger fhehescd dfclfihius, altickein te Jeqadnceciurthassupporteacbuddn sthe plural ity
of programthreads fromthe nmenory and transmits the plurality of

i nst r us4rceaalar Bpainsfragiiansone of the plurality of execution units. 6. The
device of claim5, wherein the sequencer supports very long instruction
word (VLIW type instructions. 7. The device of claim6, wherein the
sequenger f Uh¢ bericsofpant 5 veheedn i leastohe oSthpelwakbdyall eky@aeionnuatts isct i ons. 8.
The device of claim1, wherein at |east one of the plurality of execution
uni ts maltgplication and) geewmplgion AL YRAAEEFINR YWAC) type execution unit. 9.
The device of claiml. wherein at |east one of the plurality of
instruction execution wunits is a data |load type instruction execution
unit. 90. AThedepenefclam i iwhuwrdadedaprone oftherplueliycd insimptios exegutiorn

plurality of |ocal resources; a plurality of global resources;
units is a data load type instruction execution unit.

10. A low power multithreaded processor device comprising:

a plurality of local resources;

a plurality of global resources;

a plurality of program threads, wherein each of the plurality of program threads uses
at least one of the plurality of local resources and at least one of the plurality of global
resources;

a global low power detection circuit coupled to the plurality of global resources, the
global low power detection circuit responsive to the plurality of program threads in order to
selectively turn off the power to the plurality of global resources when all of the plurality
program threads are in a sleep mode; and

an input responsive to each of the plurality of program threads, wherein the inputs
indicate that each of the programs threads is going into the sleep mode for a number of clock |
cycles, and the number of clock cycles that indicate a duration of the sleep mode for each of

the threads 1s determined by program control.

11. The device of claim 10, wherein the global low power detection circuit comprises:

an input responsive to each of the plurality program threads; and



a plurality of programthreads, wherein each of the plurality of program
threads uses at |east one of the plurality of |ocal resources and at

| east one of the plurality of global resources; a global |ow power
detection circuit coupled to the plurdlity of gl obal resources, the

gl obal | ow power detection circuit responsive to the plurality of program

threads in order to,. selectively,turn off the.power, tg.the plu ity of
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into the sleep node for a nunber of clock cycles, and the nunber of clock
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sel ectjyvel.: cpqt%gls th power to the plurality of global resources based
on thepliuﬁ% g 81099 TEPEGevi ce of claim 10, further conprising a single,
centralized switch, wherein the single, centralized swtch is coupled to
the plurality of global resources and is responsive to the output from

t he gl bbal Iéwmp@werd@m@&w@ﬁd@mq@@ﬁor devacesed daim U fyrthagcamprisingBe power
to the lur al ity o | obal resources. ~13. . The. | qw. I |t hreaded
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to a gl,gbal power  off signal f . 0 r detection circuit
e R e R e

to tur ower resources. 14. A net hod
of controlling power applied to one or nore gl obal resources within a
mul tithreaded processor, the nmethod conprising: receiving a plurality of

i nput s14-hat Aimethedpbcanirol g Ravtey aprlied)to gpe anmRreglobal gesouedes Withefa  progr am
t hr eads; I i.vel i ng.the power applied to the one or nore
gl obal ﬁrruletg[g%?%e?sp?g%éggs(%d%egﬁaféélcg#r}éé}%tu}ée? i nputs; wherein at |east one of
the inputs idscighg dsluLdity OMinpiits ehad idiere Of activig keveyof @shbiaphamlity of
program threads; and
selectively controlling the power applied to the one or more global resources, based
on each of the inputs;

wherein at least one of the inputs is an indication of a number of clock cycles that an

associated program thread is to sleep.

15.  The method of claim 14, wherein each of the inputs is either true or false.

16.  The method of claim 15, further comprising turning off the power to the one or more
global resources when the inputs responsive to each of the plurality of program threads is true

indicating that all of the program threads have entered a sleep mode.

17.  The method of claim 14, wherein the number of clock cycles that indicate a duration

of the sleep mode for each of the threads is determined by program control.



associated programthread is to sleep. 15. The nethod of claim 14, wherein
each of the inputs is either true or false. 16. The nmethod of claim 15,
further conprising turning off the power to the one or nore gl obal
resources when the inputs responsive 290 each of the plurality of program
threads is true indicating that all of the programthreads have entered a
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det er m ni Ng;Reik AL inMEARA! [r6th abiP6Ka SMFHiBSoft ﬁl@%raﬂrﬂﬂ‘lr&ﬁs bh@lopy pevdri ty of

program threads 1s to sleep; storing the 1owest nunber of clock cycles in
a regi detestjontaincnit gt eheh qfohepluradity of progtae dweadeis grongtogilespafbr 2 semberces;
decr enent.i a clock counter starting fromthe | owest nunber of clock

cycl esOk¢85e@ClSh the register: and turning the power on to the one or

more gl obal &es0uges oRksHunitRr bN@odl Qs (BAYURY BF tHeqAGRI D 3R6@am20. The
met hod of claim19, wherein the power to the ohe or nore gl obal resources

is tuthmenls gntoaslaspntseringthe dbwest nopberes dhaskayeles frea tigintk; Boning ére pavethes
zero inffor%er to all ow](?% capaci tor of a power supply to reach steady
vol t ag8f 1 §1e opg o1 MAre, BlPORFCXTUTSS 10, wherein the power to the one or rore

gl obal resoyig&fiedifhg 4 46AEEH AR 3taRTRARS B HIE IDRLTHITRE 0PElobk OfdesCHGEES
before the clock counter reaches zero. 22. The nethod of claim 19, wherein

t he nuibide registed, eadktueyiog g% ndvesr onrelihsane oanpue globalreswirceasipsios leidp closlie f or
each of the threads is determ ned by programcontrol. 23. A portable
commnf%%?rdﬁachg\gizt%o,‘ conprising: a digital signal processor; a peripheral
device external to and coupled to the digital

20.  The method of claim 19, wherein the power to the one or more global resources is
turned on a number of clock cycles before the clock counter reaches zero in order to allow a

capacitor of a power supply to reach steady voltage.

21.  The method of claim 19, wherein the power to the one or more global resources is

turned on a predetermined number of clock cycles before the clock counter reaches zero.

22. The method of claim 19, wherein the number of clock cycles that indicate a duration

of the sleep mode for each of the threads is determined by program control.

23. A portable communication device, comprising:
a digital signal processor; a peripheral device external to and coupled to the digital
signal processor;
wherein the digital signal processor includes:
a plurality of program threads;

a plurality of global resources;



signal processor; wherein the digital signal processor includes: a
plurality of programthreads; a plurality of gl obal resources; 30 a

gl obal | ow power detection circuit to receive an input signal responsive
to each of the plurality of program t3reads, wherein the gl obal |ow power
detection <circuit outputs a gl obal pomer of f signal to turn off the power
to the plurality o o] en the
put shgnars 1 niERbRLeR RS SR B P Rt el e SRR e | o
in a sleep snder tanslualiy PtbglaeSBRAS, Wehetdn R0 1dh@oRtidaddtion of
programthreads, wherein the inputs indicate that each of the programs

threads is gmwﬁ@wtmts)a glebakpesegs Oﬁ%ﬂ@laﬂ b tugn ol theoRaweto &edékrahgmfgo #nd
the number cé)sgﬁs&y 8111 ﬂlﬁ gﬁlglg'\ﬁ%hefh& g} %4&1(?{' n8 V\i%:h[ﬁat e%l:lfﬁpth de for

each of theﬁ?%rea i's d y progra igita

si gnal procp@s@ﬁygﬁlb@giamyeﬁyad@ugmmtﬁeeplﬁo@g@mpovver off signal to the
peripheral device. 24. The device of claim?23, wherein the system power

of f signal is outpiPHEEsRHEHepogRh ofithe plbealigy phapgicas bisada sy e§elfldi1flf'ned of f.
25. The dev] %ﬂleltsq;ldlgétg %ch &Qﬁ‘é ?ﬂog{a}‘rﬁe[hf%ga% 18%%[1? mg)et‘l% (e né % eaaSt one

of the fol | O\ play con creen co

uni ver sal smﬁm&ir dwﬁ)cmpélwlaha the ity df locle ogledy gdcadieste (aqaa&@h ofahevon ce
coder/ decoder (CODEC), a nodul ator/denmodul ator - (MODEM for wrel ess
comuni cat i YA mad%’éqmagh ofgthel thipads ipdaterarinedley, pregranTpntipdvi ce of clai m 23,

rosponse t ontHe T Plekef ARk PP e il 00t oS PONSIAELE " '

wher ei thetpag map@k}@l@al deV| ce is coupl ed to the digital signal processor
via the at Feast one input/output pin. 28. A global |ow power detection
circuit within a nmultithreaded processor, corrpri sing: means for receiving

an 1oyt asgRehaliec wih £RSl)l BALUER LI B RLOBLAMANSR, pouer el

the input i S Fesponsive e pliura programthre and

t he i npuhs globAldicS@ireestibatmeape of the prograns thr eads is going into a
sl eep node for a nunber of clock cycles, and the nunber of clock cycles
that indicate a duration of the sleep node for each of the threads is

det er ”bé‘.ed J‘14’?’{6 RLR& (?frgleﬁ&nii %Hereqﬁ'%e peripheral device is at least one of the following:
a display controller, a touchscreen controller, a universal serial bus controller, an audio
coder/decoder (CODEC), a voice coder/decoder (CODEC), a modulator/demodulator

(MODEM) for wireless communications, a memory, and an input device.

26.  The device of claim 23, further comprising at least one input/output pin that is

powered off in response to the system power off signal.

27.  The device of claim 26, wherein the peripheral device is coupled to the digital signal

processor via the at least one input/output pin.

28. A global low power detection circuit within a multithreaded processor, comprising:
means for receiving an input associated with each of a plurality of program threads,
wherein the input is responsive to each of the plurality of program threads, and the inputs
indicate that each of the programs threads is going into a sleep mode for a number of clock
cycles, and the number of clock cycles that indicate a duration of the sleep mode for each of

the threads is determined by program control; and



31 neans for selectively controlling the power applied to the one or nore
gl obal resources, based on the input associated with the plurality of
programthreads. 29. A global |ow power detection circuit within a
mul tithreaded processor, conprising: 3lneans for receiving an indication
for each of a plurality of progran1threads at a low power detection
circuit that eagﬂ of the

%t

| u th d ' t |
For a " nunbBeany o e ey deseol e dhra i SHBR of ToReAt hunbor of
clock cx&hes, bl offie ﬁ’l&)utt ﬁ@od@étb’d azllthttﬂe Pliralipf OOFrogahiheads. is to sl eep;

means for storing the |owest number of clock cyclés in a register; neans
for turning the pomer off to the one or nore global resources; neans for

i GRS R N S
one or nor en@hQbRt rdcBRAY HERARAIE fo @adhhT agli@Gkty TPHbEem thRAg AN oRer O.
power detection circuit that each of the plurality of program threads is going to sleep for a
number of clock cycles;
means for determining a lowest number of clock cycles that any of the plurality of
program threads is to sleep;
means for storing the lowest number of clock cycles in a register;
means for turning the power off to the one or more global resources;
means for decrementing a clock counter starting from the lowest number of clock
cycles stored in the register; and
means for turning the power on to the one or more global resources prior to the clock

counter reaching zero.



