WD 2007/ 002801 PCT/ US2006/ 025299 1 SYSTEM AND METHOD OF CONTROLLI NG POAER
IN A MULTI - THREADED PROCESSOR BACKGROUND 1. Field [0001] The present

di scl osure generally relates to digital signal processors and devices that
use such pMsrHezue8ll More particularly, the disclosure perasmec/t25299
controlling the power of one or nore resources within a digital signal
processor or connected to a digital sidnal processor. |1. Description of
Rel ated Art [0002] Advances in technol ogy have resulted in smaller and
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i ncreasingly resource constrai ned. For exanple, the screen size, the
anmount of P&RFEISPRbl e nenory and file system space, and the ampbunt of i nput
and output capabilities may be |limted by the small size of the device.
Further, the battery size, the anmount of power provided by the battery,
and the |ill.e oDetdvptibapf Belptedigtal so linmted. Often, even though a device

in i a digital signal_ processor is.incor ated is in a standby node
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or coupled to the digital sjgnal processor may continue to drain energy
from the BSFPYERE. TS0 etz oviromeT /compeiiny doBoeg sugh as portable wireless

telephones, 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 télephones 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 incmpdrated 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 signél processor or coupled to the digital signal processor

may continue to drain energy from the battery.



[ 0004] Accordingly, it would be advantageous to provide an inproved nethod
of controlling power within a digital signal processor. SUVWWARY [0005] A
mul tithreaded processor device is disclosed and includes a plurality of
execut i on Whpgowgiexecute a plurality of programthr endsvandsommbudes a
gl obal | ow power detection circuit. The gl obal | ow power detection
circuit includes an input that is respohsive to each of the plurality of
program threads. The input indicates an execution activity level for each
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[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 W0297/0@8E data | oad-store type instruction ereTws2006025289i t .
[0010] In another enbodinment, a |ow powgr multithreaded processor device
is disclosed and includes a plurality of |ocal resources, a plurality of
gl obal resources, and a plurality of programthreads. Each of t he
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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.



WO 2007/ 002801 PCT/ US2006/ 025299 4 [0014] In another enbodi nent, a system
for debugging a nmultithreaded digital signal processor is disclosed and

i ncludes a conputer and a Joint Test Action Goup (JTAG interface at the
conput er, THR2OTHMESGInt erface at the conputer is coupl edPCHUA20THE299
interface which is, in turn, coupled to,the multithreaded digital signal
processor. Further, +the JTAGinterface at the conputer is configured to
recei ve a gl obal power off signal from a global |ow power detection
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to sleep for a nunmber of clock cycles, Further, the g
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cycl es thatdditionally, 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
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operation.

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.

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.

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
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:

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



beconme nore readily apparent by reference to the follow ng detail ed
description when taken in conjunction with the acconpanyi ng draw ngs
wherein: [0026] FIG 1 is a general diagram of an exenplary digital signal
processor ; WAR@QW280028111 PCT/ US2000/ 023299 6 [0027] FCGuUSAos/e25299gener al
di agram of a gl obal | ow power detection,circuit that can be included
within the digital signal processor shown in FIG 1; [0028] FIG 3 is a
flow chart illustrating a nethod of controlling power within the digital
Si gnaljogyPCessorIGs oW el Giaghim [0Q29bbd Gy phwes ddedd AR hat can be
illustrating an_ alternative nmethod of controlling power wthin e
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digital sigralgifr9aRsstessh:d@d¢hifkG 19 is a general diagramof an
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processor.p%gﬁf@wﬂg?&ﬁr ION [0038] FIG | illustrates a block diagram
of an[eesnpl ar YEIGN@ris lai gentdan@ia@maoef A9Bkatdd cmmedh@ht@ d@ﬁ&qﬁéoriér%‘ﬁ?‘ g0
(DSP) 100. ,As.i)Jlustrated in FIG 1, the DSP 100 includes a nmor 02
that is colBliddeny PXOCEstiencer 104 via a bus 106. In a particul ar
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uni t 114. 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.



FIG | 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
t he nenory W@20¥)@8"& second bus 120. WO 20071002801 PCTPUSZOOBA/0BHR299 7
[0039] In a particular enmbodinent, the penory 102 includes a first
instruction cache 122, a second instruction cache 124, a third
instruction cache 126, a fourth instruction cache 128, a fifth

i nst r gB9IoN cache fedlul@nechbadisicxt, hd m&h&W’ ahc16RE Rgird37 | B@he 122
operation, the _instruction caches 122, 124, 126, 1218r, 1%%%%2&0%% be

accessed i hae9RMA dRsiLFionosacke dt, aothifd ingipction caghel@hce Fouthdinstartivn icanhal | v,
in a partieif anir@The{k j L UCE | : 2124, 126, 128,
130, 132 incl ud.les a pl ggg%%c?é;?%? a?%%th?c g@%lktg{%go&?%gg r1 %‘%’t PSH“%?%eé?Ztidﬁg&’edata
for each imsryatienicashes ddd, 124st1RG.ct2B0A3(r B2deodieacdessed flep@@ettly of each

instructio ] il]ustrat in FIG 1,.the )ry 102 can i ncl ude
an instr ucw%l{l&gﬁ]gusgéﬁ?ﬁért #g"t gﬁ%ﬁ?’i‘f@@s i W%P%Egggaméﬁte&écﬁ BEUEAOR
i nstructi oeachat?® 1222261228, 136632 iidfided 8QlurdiBY of iBtrudtidhd, iifitudlion ddieing

instruction gueue 134 includes a first instruction queue 136 that Is
associ at ed?RoF FAchrRstpuctien, apd wstryption pre-degedredataptpr eachdestwadon. nst r uct i on

queuerchdf] that AsiRssAsd md. W hdmehidsy f@f&ﬂqﬁélgmc?e: %ﬁ@%}%ﬁﬂgﬁﬁﬁ%@i%éﬁ%gt i on

third instruction queue 140 that I's associate
cache 126, nglufiesantinstiusien geque dor epale irstridtntdactie 122, 434 de6A1 2] 190, 1321 e

fourth i d N ; fifth instruction queu 44 that is
associ at egﬁa\s/'vlt‘rl %ﬁgﬁ’ttﬁgm%?ﬂlh n]qlﬁ%set 1?3’3 é cil%41 g gléﬁénsirﬁf)t,lo ueafﬁl thets pssesirtgdt i on
queue 146 witatheifstasgnciiod edhui ) atdeondiindrfuctibhGidub a8 et Gagb&iatdRwith 0041]

During operation,.the sequencer 104 can fetch instructions from each
i nstructi of S??SE%H“%%{“%?&?@ 1%2‘6? thizhinstjuggion gaene\ 449 thaids pyseeirigd Mibrtheueue

134. In a thiad tisgudiidh casizhod] Matth 11?52@0&)%%?&%%%}&%3&%3@%%%@ whil 3 ;flrd&%tlll ons

fromthe instruyction queues 136, 138, Inor rom

the first PHYCHRECRGE e fiitBanstarctipe qupvet H44 st ris cassavintedy wéthetht 4@6h Af t er
fetching gpl ' f he s I nstr i.on.queue 146, the |
sequencer 6%1(%4 eﬁ(sel{ th(r\chi q'? % a{nﬁe@ %%&ﬁsl ﬁétfﬁtﬁ{s}?nr actr ;}%B (ﬁ%’g dd a%é%*afﬁﬁav 1@0’2‘? iShtfes

f et chi ng itndtuectiot daoms132f rom t he i nstruction queues 136, 138, 140, 142,
144, inorder. [0042] In a parti ar enbodi nent, the sequencer 104
oper a[ta)ngsi]i n a gjl% g [O!%r él’thstgeas REy i@%ﬁ%‘} gf‘é%h BFtracligiie fremy each dpstaigiyror t s
super scal anchiens22, Ui ans, 1%8)r130€r32 ivia dhd Mstrh&tdn2bueue PR rﬂ?r%%lrtigﬁar

sequencer alb%gi ogerat es in a second node that supports very |
i nst ruct i GAPROMEE Y8 sausnse 104 detchgssinstrugtipns irore theainstruckion geepee18&r138an

i()ﬁg[ ?Lgt ?gﬁ@;e%g\é\%ﬁ,olﬁjél}}r?{({?@é%ggdﬁg gﬂr?' fiﬂspingtrﬁ)cqiroqu%léllleai?,()e Fob &gls?ﬁg%ﬁstrhpt?onf 'rst
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



execute a load instruction, a store instruction, and an arithnmetic logic
unit (ALU) instruction. The second instruction execution unit 110 can
execute a load instruction and an ALU instruction. Also, the third

i nstructi oW®EXevurswn unit can execute a nmultiply instpotiUBmMO6/028299

mul ti ply-accunul ate instruction (MAC), gn ALU instruction, a program
redi rect construct, and a transfer register (CR) instruction. FIG 1
further indicates that the WD 20071002801 PCT/ 1JS2006/ 025299 8 fourth

i nstruct i ofouek embtiictdn WXetutibohd uig N 12XeaUELecteS Bl {Hif (&) | etion, gn ALU
instruction, a programredirect construct, and a %E? @s@?@%ﬁ%’n?ﬂ IIN‘

parti cul ar PSEMYEH FeRtOSran erediresgr camstrustli pedta ddhsinstuctionan Ihea apazfular

over head | @@phdied #CHrool ' J (J)_instruction, etc. [0043]
As depict e P gert 8 Bft"ﬁ*eﬁétéén%f"%# Ohsitlod £ hq bero SHRER BPo.st itk o
regi ster finslguctiong jump<{Bdustaiction, ticed register file 150, a third unified

regis file 1 f our npfied reqist file 154, a fifth unified
r egi s{;@??’]fi l e 1‘%%‘,161’2%%“05’ ﬁs‘?}y&fh{hﬁ r%e??f@&egétﬁf g{% C#U#PSea fisyg unifigd megisieri file ed
regi ster fl48 akddnd kbifiedlBgistet 5ife 1306, thA3SnFREN ' gehion
cache 122, 124, 12%, ZIL,628, gffo, 132 Witt hi nnt he @rr%ﬁlgfrqg%%%’%gﬁ{rlﬁéwﬁ?n a
parti cul ar™gibtlensSht 2 [THA spitied mgistardile &3, snde six enifidBreglsh fild BB, HabH,
156, 158 ha@ffiddeiS@IR1LCRIZS | ang: i equal nunber of_ data
or address orl)er ards. 0%%21;1505\(}:5?’2%463% 611? %%g%i Oﬁﬁeto BEESiYeHon, ‘ﬁ‘gkﬂer{?c%i ons
are fetchet?4 V&mﬂ&aé%’m‘r@ﬁ, ithiipthe lpyemdry €02 eBjuthis; e a pAbiculsesthbddmslR dagnat ed

i nstructi op;@XEENLLOF btsl . 114, and executed at the
instructi onlexeg%%t!mg@eﬂﬁ?’tlzjol ; 1%‘%856’]1]‘]% has g sarpp, gonsiruglionging inclugenan

i nstruct i cquebnesbtl anlatanirtadd®8,opdk@ds. 112, 114 can be witten to the

gener egi st 116, i.e., to one of the unified register files 148,

150, @E"z‘ﬁ 154, ﬂi’?,‘é,g Opeggtior ‘ﬁfdh%f’sﬁ@, mstEc onsj el fetehied &ronhtae ntenerDBR HOO can
i ncl ude atb@mner@@lnm@lserﬁx@rdwgg hOAtk« 2 use trol. the power
within the DSP 100. As shown, tThe ﬁomgl&u%rg%krcotﬁonsy%ge&%’ igg lagmllﬂea upl ed
to the nerfdFspetod, the Hastsishor esequtivnanitani@8eath b2, tihe. | TS kel QP each

execut i on ikt ; ; 1141 rther, the power control system 160
can be codpl ed nsegg%%t%égn%éé%&%éhﬁg, ggﬁtcﬁf’ﬁet\‘ﬁ@e é%iﬁwef@ﬂe&!ﬁ@i‘pllédl-ﬁtﬂo t he

DSP 100, t“halneQf@lmuﬁxféeqaeg\ieﬂerfi[e@w%]lsﬁgafse,r1549%%@5@ G 2, a power control
syst i=5 Sho d,is generall esi gnated 200. The power control system
200 3@6@ in \é?@qzal?osmg‘ﬁaté&gﬁ’p%ag%ﬁi’ ]%Qr?@lll nglude g@owentmdiohsystenni 60t thet power
control syatemsitdd @ager thbeeweivigeR TSP ' 1.ohn a -particular
enbodi rrenﬁrgqthe?gomer cont ?ol sy]lstem~200lj @?h\o%steﬁﬁg”ég“?BO‘é%fn“tOPB?l SYHE power

within a ndf 652 bhrmEGiopae menagy  102.He weduencer HOdAGReIRRF 1B iEhEMan| N
FIG 1. Asxecution 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



depicted in FIG 2, the system 200 i ncludes a gl obal | ow power detection
circuit (GPDC) 202. In a particular enbodinent, the GLPDC 202 includes a
first input 204, a second input 206, a third input 208, a fourth input
210, a fifWWO0ApURSR12, and a sixth input 214. Additi oR@riug2006/025209
particul ar enbodi ment, the G.PDC 202 ingludes an output 216. [0047] FIG 2
indicates that a first programthread state nodule 218 is coupled to the
G.PDC 202, e.g., to the first input 204 of the GLPDC 202. As shown, the

first pr ogzsmo thhGRROCSI0a! €n Hpatib@ardkBbddnatA8S side! ect or
220 that out 19,3 35208 Sl Ve 200y a0 sie st Q%@ﬁ%‘%%‘gheq%&zzz
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programthread state nodul'e 218 i's in
parti cul ar2enibeelpiasio atbmomlosalrpﬂom}peaﬁﬂ hr ead state nodule 218 is

coupl o at | N C reso rce 22 048] As shown in FIG 2, a
secongf3 flg)ogram‘fg ?k}eoa lgtﬁé[@ §’r’r% f%ra}n% B"{Sipqt%ta nuien26 igcpaied tmthe e g.
to the sec@hﬂDermt e%Q&o afie men@ﬁ@cm@af tHRSGEPDM02L hRs %ﬁ&@gd@e B%c%g&am

thread state nod udes .a_| ow power state detector

out puts a PI8¥ATE 'ﬂgqae’ ﬁ?ﬂte @Qg‘ﬂ? 320 pecledeppdop mpwer state grigctdrciASathateoviomas arent |
the state gitgRBNa23D J LI GBPBE MPEt hey g%glc{h?& eﬁb(?cﬁ%%{ﬁg tl%? el %asr{érw g?@l cep

associated wth the second program thr staté no
mode. Fur tIR&Fates Whethprapt netud secoadivoetirame rthread hesociardonith PO gHcaid Ipr

state nod | | east o ocal resou ce 232. 049]
FIG 2 al ;tgl% é%%?%ét glogﬁ)l'? E%zﬁg!s 1r 0 grl‘?ar]?l Pﬁ?eagre giﬁt 8 Aodthica &Efﬂiﬂbpﬁ%ﬁenf— ghe
coupl ed t Geednd Pr@ﬁﬁ)ﬂlreﬁ&taten@duletz% tshuibd fooht 14ABne 2081 f&éodr&ezﬁpm 202.

As sh[ga Wy t he t@g QI ﬁ ramd‘El hread state nodule 234 includes a [ ow power
stat € det ect or “236° £1i4t Qr%{‘aé’?@r%%dg?ﬁfﬁ moggly 234 thatds Gupl@ 20 I n a

parti cul arGIERBOAOmRIL, ttﬂftﬁthﬁrﬁ ;208 a el not a
third pr O%ﬁrgﬁ&t hread. Assooi ate t %géﬁq@d%%o}ﬁ%ﬁmhrhéa%‘r%?gtgl@mrmdul e

234 is $tale 6‘19%1?@34%91‘@%@ low powensate idetattar zmwﬂnmcbumng a stategidnhi r d
program t one. |l ocal resource
240. [005f01]ts gﬁth?f%?? g?%%%ﬁ%&ﬁi&gg&%ﬁ% }1‘? gﬁt‘%ﬁé%ir??%}“é%tewa@@ermdul e
242 is co@pn@toa mcdtpmrmm@m z%@cﬂ:;at@j guh tHeGthird §rooi Hiledd nl%a&a§9§4 the

G.PDC 202 1@3{8 W %e {lourt amthr ead state nodul e 242 | ncI udes
a | ow power st 4% o L1 erﬂfha tﬁﬁ}hogmgpnt,stbgtt@r@ iPerezdm 2Mead statehe

GLPDC 202mddn1eazspaerddupleha5ateéﬁ@9&1emireséd}é‘e§4oate signal 246 indicates
whet 2@'50]: not  a [Hurth programthread associated with the fourth program
thre tate AditiEasdin FIG 2o fousth weqeram deeadruate exduleiA2as @apledes Har

enbodi TTEH'G‘LPU@ZM?LEé.hto 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 pro gram 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,



programthread state nodule 242 is coupled to at | east one | ocal resource
248. [0051] FIG 2 indicates that a fifth programthread state nodul e 250
is coupled to the G.PDC 202, e.g., to the fifth input 212 of the G.PDC
202. As shawmmoot/bmesdii fth program thread state nodul e 280Tiusmbsieemea | ow
power state detector 252 that outputs g state signal 254 to the GPDC
202. In a particular enbodi nent, the state signal 254 indi cates whet her
or not a fifth programthread associated with the fifth programthread

st at efoweziul e 250ddiforally, & &dpRRR1 WPERs. FUr r t di ment,
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[0054] In a partl cul ar enbodi nent
280 that &%ANd lobplstsepures 2k ansh thodHPTMAEOR, aihd tthee thivdaysE BN E A Sigke

modul s 24§p1ed28: thé Pird grébal 80 rce 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



258 indicate that the associated programthreads are in a sleep node. I|f
all of the associated programthreads are in a sleep node the GLPDC 202
can output a global Iow power off signal 282 to the single, centralized
Swi tch 272 Wn2097/008801t 0 de- energi ze the gl obal resour cegCR@B200268299270. | n
an alternative enbodi nent, the GLPDC 202 can output the global |ow power
of f signal 282 to each of the distributed switches 274, 276, 278 in order
to de-energize the gl obal resources 266, 268, 270. In an alternative
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enbodi ment, the peripheral Conponernts can include a display controller, a
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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,



the gl obal resources by outputting a gl obal power off signal to a
centralized switch that is coupled to each of the global resources. In an
alternative enbodi nent, the global |ow power detection circuit turns off
t he power WO AE00g8dbal resources by outputting a gl obabcTemwesosisk signal
to a plurality of distributed swtches that are coupled to respective

gl obal resources. [0057] Proceeding to decision step 314, the global |ow
power detection circuit determines whether an interrupt request is
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met hod r et} féresholsd g@k omp shousand 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



and continues as described herein. On the other hand, if the | owest nunber
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JTAG interface 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 si gnal. 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 signal 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



G oup (STAG interface 508 that is coupled to the processor 504. [0064] As
showmn in FIG 5, a digital signal processor (DSP) 510, e.g., a
multi-threaded DSP, is coupled to the conmputer 502. In a particular
enbodi ment Wa He7/B881510 i ncludes a JTAG interface 512 rbhawstmeesepl ed to
the JTAG interface 508 of the conputer 502. In a particular enmbodinent,
an out put signal 514 fromthe DSP 510 is transmtted fromthe DSP 510 to
the conputer 502, e.g., fromthe STAG interface 512 of the DSP 510 to the
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first sleep portion 538 of the second thread state signal 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



526, 528, 530 enter the first sleep node portion 534, 538, 542, 546, 550,
554. Moreover, the first power off portion 558 of the global power off
signal plot 532 includes a first stop 564 that occurs when one of the

t hread st atveo siognm@b@ i ndi cates that an associ at ed progr aor/ushogagdas
exited the sleep node. In FIG 5, the fH}st stop 564 corresponds to the
end of the first sleep portion 538 of e second thread state signal plot
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DSP into a standby node. At block 602, a conputer nmonitors an output from
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t he conput |tor te signal frome ogram thread of the DSP.
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[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



power off signal is output. Mowving to decision step 612, the conputer
determ nes whether the percentage of total test tinme that the gl obal
power off signal is output is greater than a threshold. If so, the method
conti nues ™0 Mopeks@14 and the conputer indicates a suceesaielos/ o1semst
result. The nethod then ends at step 611% [0072] Returning to decision
step 612, if the percentage of total test tinme that the global power off
signal is output is not greater than the threshold, the nethod proceeds to
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FIG 7 de structl of a t hread 700, aflrst
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706, a fir |nstesflLljct10n of a fifth programthread 708, first
i nstructi olFsiH@F 1Rt mstgrcHge QHIFHP%HIOE@@ thigad 784 dncdusled ald@SQdewceu)l B8, of the

et uct] onear thacp SP TG es R OB EH aPes Srortuigh B 2 14, o
regi ster foXE@utignceBI46tanpaPrBebagk tep $48.executi on step 718, a second
[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



execution step 720, a third execution step 722, and a witeback step 724
for the first instruction of the first programthread 700. The first
instruction of the second program thread 702 i ncludes a decode step 726,
a regi st er wa toe7/eegdss step 728, a first execution steprcF8foo@smoond
execution step 732, a third execution %%ED 734, and a witeback step 736.
Further, the first instruction of the third programthread 704 includes a
decode step 738, a register file access step 740, a first execution step
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second execution ste execution s
step 760. anddhe tfnrs_*orvabctuyxonassepsmm the fitGustitictiorher tHer Sist prRgtdY @iy the
le
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702, and %e%fsﬁﬁ ﬁnd execution step 7

first i P AFSL ggtroesion qf@@?%]rd Pragrany thireadt 49y the hidwbeebaiont i Thacpde

step 762 of frfiandtiuesd r e ogramthread 708 is

per f or ned concurrentl nyb{/]\nﬁlt%ﬁgt e%%‘nsjitié} a({ ?(II; aﬁ%@? gﬂ?@% stepp 73k 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



first instruction of the fourth programthread 706, the first execution
step 742 of the first instruction of the third programthread 704, the
second execution step 732 of the first instruction of the second program
t hread 702wmnd7/ahe1t hird execution step 722 of the firstT/usnst/sssbi on of
the first programthread 700. Additionglly, the decode step 774 of the
first instruction of the sixth programthread 710 is perforned
concurrently with the register file access step 764 of the first
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i SSUg0082 €, SEeyEm g:h@@lfnd;ya@é &%t r t hread 2007/ 002801
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i's issued thr ] FIG 8 illustrates an
exenpl ar y! lﬁ@(ﬁ)yn%@({g QOQI;IQ@{O oé’l‘n Syélt‘L; orYGISPEeT, BohpuiticwWan dndwdibesrit,c e

that is genéiamirhtyd dmsﬁlqnat ekt 3RPlay 6 kilUahhak | Lhescpgrtabl e
ncl udes ag gn chip s&)steﬁq%ézgmifhg%te ?ég g’

comruni cat j.on .devi
di gi t al Emcdﬂ%h f)lsggetb"s Sire®sy antppna B43 amd fé@i lpawerstpplli &@nara ektemaﬁtcgthteal

si gnal pr ogesiseystéd2 423, loRES, shown in FIG 1 and
e @gpd o Do 022, SbG or G & b0 o BRBRGT B e P i settemate. o

coup to thelldh girtiaylas Plgh%llmpntod@sélgnal&i’g&xahpfbcassdt sp4 @ﬁll%&nt@ﬂ%@&over

an i nput i l. 0 the di al, _si gnal rocessor 824
shovvnp . Hlﬁ}ﬁtlﬁgadﬁ%o td ?)r&%’s‘so H?sgruatlons assoc1ae with prgogram pthreads 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



menory 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 crophone 838 can be coupled to the CODEC 830.

[ 0082] FI Gw@20at/ensiindi cates that a wirel ess control | er p8#@smasoBmocoupl ed
to the digital signal processor 824 and, a wireless antenna 842. In a
particul ar enbodi nent, a power supply 844 is coupled to the on-chip
system 802. Moreover, in a particular enbodinment, as illustrated in FIG
8, the di spdoundSRSdisilhg gl Lgphone
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834 when deeoding iftbe sﬁdnglﬁbainoﬂeecﬂiu‘ée[%vx)ékféaf;z&%ﬁ"feﬁ gSS antenna 842,
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recei ved fig SHOWNNRIdI 19 R er ARV, ol I ri t he ess
conmuni catll on gessfo% A ﬁsdeergi%nﬁé(@ %d:uélsrslg %&Bf 662&?1‘8839@ J(57?1?’9002801
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web brows mepory 832 of the portab
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controller 826 di spl ay
840, as “aﬁe]&h’eﬂeﬁnéh Ci‘?scrtbsd SFFeil | émlwtr@tgdm BIG.the digéaatinoollef 9ghe
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Many of the instruct ions asgg%oaﬁ'&%g ‘%Hﬁﬁo tr?]’% dag}éffgﬁﬁ.?ﬁ rﬁ@@?‘??ﬁrﬁ%ea@s are

execut ed EBhEUPIEAIES dsmandp2omeere tohe enchakstem®Re$s codBled to the display
controller 928 and the touchscreen controller 930,

[0086] FIG. 9 further indicates that a video encoder 934, e.g., a phase alternating line
(PAL) encoeder, 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. Ag 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.



such, the power and energy consunption due to wasted clock cycles may be
substantially decreased. Further, using one or nore of the nethod

descri bed above gl obal resources wthin the digital signal processor can
be power ed wad toowinesnit he portabl e communi cation device goesstwé/amsaost andby
node. Thus, power | eakage is reduced. [085] Referring to FIG 9, an
exenpl ary, non-limting enbodi nent of cellul ar tel ephone is shown and
is generally designated 920. As shown, the cellular tel ephone 920 i ncl udes
an on p syst Eﬁﬂ% cess and
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9, a stereS Agul PIYESEH 8 alspshovaniirioyPayEes sk 980

processor @26e chipl@DNARe oRRhPUSE® anm'uﬁ beole the
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952. FIG o?tl%f@‘ﬂﬁl 958 can e al. sq coupled to
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to the m @owphapelyadmaledhiacgea®lBC bittedy or a DC power supply that is derived from an

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



particul ar enbodi nent, a frequency nodul ation (FM radio tuner 962 can be
coupled to the stereo audio CODEC 950. Also, an FM antenna 964 is coupl ed
to the FMradio tuner 962. Further, stereo headphones 966 can be coupl ed
to the stereo audi o CODEC 950. [0088] FIG 9 further indicates that a

radi o freqOEhePW7PREY transcei ver 968 can be coupl ed toPERASANEPIIYP?
baseband processor 926. An RF switch 97§ can be coupled to the RF

transcei ver 968 and an RF antenna 972. As shown in FIG 9, a keypad 974
can be coupled to the anal og baseband processor 926. Al so, a nono headset
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signal pr oceslségr can be powered off when the portable co ni cation
devi ce goeSPUPIFEde themphfien1 074 d E1G T fyrthes dadieatdsdha ageorioshendsdti t098. caf GRO0]

Ref erri ng - Lt 2nbqdj ment  of irel ess
et Srrpes o e e SETIC 1025, SRS atdc il LHIRR TR o Feufenloed
1000. As shioliides athisraphems. ess WO 2007/ 002801 PCT/ US2006/ 025299 21 IP

tel ep 1000 {4.pcludes n-chip system 1002 that includes a digital

si gnapﬁgﬁocessoﬂ;‘[& (I%S%O %&?‘tef Eh% 3p§{"|nie eé%&?f[“lzé??ﬁo‘%ﬁt‘r‘f%ﬁlﬁ (WLAX) Omecbppd4 i s
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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,



an exenpl ary enbodi nent, the display 1008 is a liquid crystal display
(LCD). FIG 10 further shows that a keypad 1010 can be coupled to the DSP
1004. [0091] As further depicted in FIG 10, a flash nenory 1012 can be
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electrically erasable programmable read only nenory (EEPROM) 1018 can
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and an RF an‘trr@%naiﬁégm can be coupled to the transcei ver
parti cul ar®BHYdidenend ko e bt doneltarrldPB.e FIGOBb alsaimdidass thet a keppd ed t o

t he DSP 100Q42 aftheoBbiHEtPRE s igana 1038 can be coupled to the controller
1036. FIG 10 al sooghows that a U%B port 1040 can al so. be coupled to the

DSP 168%]  Nor dévisrtheralepisivar inSUPpILY, dl0dd mancguillledat Oc BEIGNIE Mo DY St €M
1002 and pnrgyid p the vari gnponents of the wireless IP
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embodi ment(DRad)i hidBcatdedh ¢lectfitaBy etfable PeooetnSMAY 1 010,
the LED 1qé$0 tq)e nono g}ﬁtﬁa% {826al t?e nmono heé%ggﬁlyl%%?ﬁ%?ggﬁntenna
1034, t he "B UST'OSIRURAS Brhe DPE4d04. KIS bglsp shawsitbaton infiated Hata poosintiauppl v
1042 are (eBRorel 1122 e 0oaRid B HE D00y HOMRYRL gagh Of Lhase
0

conponent s ibs coupled to one oOr nore conponents Ity Balg tTem
Further, PFRCIFpSR: o digitalcagetrolli2dem be edupleditgie ISP Kiognal processor 1004
can ys®ej nterl gay Iyt ing., as described herein, in order to
process ]t he vari olﬁ'g“g?#&oﬁg%ﬁ’?ﬁ?‘é’a gu%%% P ARtETO GREOC SOINEF d 14 canhe
di f f er ent be eviphwshiorths Dds bidkat & dirsistdied HigpltiRrtighe Bﬁpﬂ@cé@?& to M stereo

2007/ 00280Q1;. 025299 22 0094] FIG 11 illustrates an exenplary,
non- 1 i ni t?%déggr%%%ﬁg% B aagfﬁbﬁtﬁ%? |Reakenild ) cambeicourent tof PAjirst biateoi S

gener al | yadplifiegrag®d AHERnaIAs aShe |-nel udes an . on-chip
system 1102, t hat j nel udesngﬂgiagi tgﬁhgéegﬁgﬁgﬁé%%g%}% Cd%ﬁ?dh‘? SIpIg0 5

parti cul gfudio EC 1126 and a microphone 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.



enbodi nent, 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 touchscr 8em2i/8@PEyY i s coupled to the touchscreen coRCT@iSmws025IP6 and
to the display controller 1108. FIG 11,also indicates that a keypad 1112
can be coupled to the DSP 1104. [0095] As further depicted in FIG 11, a
flash nenory 1114 can be coupled to the DSP 1104. Also, a read only
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1130, t he @display 1208 is coupled %o 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.



m crophone 1134, the second stereo speaker 1138, the stereo headphones
1140, the 802.11 antenna 1144, the Bluetooth 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
t he on-chi pVQy¥iERS0IAddI tional ly, in a particul ar enbodiPEEAIS2006015@99%di gi t a
signal processor 1104 can use interleavgd nultithreading, described
herein, in order to process the various programthreads associated with
one or nore of the different conponents associated with the portable

di gi t #1018X S| st alnta p.@@@ﬂarl%muoﬁemqnt US i iNgcadindFIGTOR Ethe Aspldyel 208! M0 Qe ypad
descri bed obaI s within the digital signal process r can

be powere SP% P pgnc(‘:ra RilRPRE L 677 Bevsicaeo igpeisl 224t the stesbandby
mode. Thusheadpﬁmr 1225@%9@313 oftngg%d thOPSr sﬁfﬁlfﬁﬁki‘ ¢ e‘}(rte'iné?t 2 il

exenpl ary, non-limting enbodi ment ‘of an audi o
movi ng pi ctR s¥teRp0Rs Hlowaperagathoof sese £@n@hm}s Bl egwﬂedl ® showh rﬂ(ﬁlﬂ is

'generally audi. o, fil | a 1200 |ncludes
an on-chip s;gf}g%%ﬁﬁ%% ﬁhlﬁ%y elg(g ralgciL %arttlcélllar P@r‘?ﬁ %F Jbe digfal pgnp il
1204. 1In aprp@nssqrda%qcan Leabmﬂeramdmumﬁﬁeala&g de3Bdbddhetdne ilbiiet @ 1§de %

1 and descri bed herein. As |IIustrated G

processor in Fl Gglr
12, a di sp ay co)n?%r%ﬂl cads FEsqclateds ilifetng O tThere pa the giffeserd Ccan[wnsmb ay

1208 is couplcpted @ithhBe didp!my peost 180 e
enbodi nent Cr%F égrls Iag%1208 nga@a rl%dé])ur gurgﬁgg%sﬁgndfegpﬁeﬁl%g%ﬁgﬂé mﬁh@ 12

further sH§H ove gahy desourey withimnthp eligital piged proceism c@SIBerZ)%red[&Qloo]

(RO 1214 B i S S S O At O Rty Th b pareiets ar
enbodi nment$ redg¢edaudi o CODEC 1216 can be coupl ed to the DSP 1204. An

anpl i 1218 ou t C 1216 and a nono speaker

1220 [gglﬁg be coaﬁﬁpﬁt ‘%‘%18% SFP%W% Se heyeim she systere rangl pa¢teed of t hat

a m cr ophenetrollimipotd AR samdltiathfeh@desobdd it n ed to
the audi o anmsaegol AR oARts (30 AIREERNEEL Lo

1216. k a particular enbodi nent,
can al so B@GB E’fyr’l&fa 1 ¥ iﬁhéhedaﬂhtldhmrwmr i{ iBOXPArhtcH liGin dl2aralbs @ode.
i ndi cat es Fuhedr, ahdJ rfqql r d1 an be coupled to
the DSP 1204. Addi ??S 3ﬁg| 5nd, %&nggm@lggpp R”a C%‘iﬁ??ﬁﬁe JBNsT €8 Tltipke

on-chip s%%?ﬁentﬁz’oﬂma‘rhd I@éﬁlrﬂpc@ed @mcpssweafr Cb@plé(ﬂlﬁ) tﬁ@ﬁiuﬂﬂ&r&ﬁ@@gﬁ@&%& of
the audi 0;f | system 1202. WD 2007/ 002801

via .th
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in FIG 1Additiosallji spl systediP@fl, mehed Ke¥RBE herein provides a way to debug a multi-

threaded processor. For example, if the multi-threaded processor does not output a global
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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 interchangeability 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.



1210, the nono speaker 1220, the m crophone input 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
conponent s w@2mouped to one or nore conponents on the poraskoposyst em

Al so, in a particular enbodi nent, the digital signal processor 1204 can
use interleaved nultithreadi ng, describ herein, in order to process the
various programthreads associated with one or nore of the different
conpongshs asSogd ' 0 f il e .Eurther, using one
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25 [00105] The steps of a nmethod or al gorithm described in connection with
t he enbodi nents disclosed herein may be enbodied directly in hardware, in
a software nodul e executed by a pro sor, or in a conbination of the
two. A software nodule nmay reside in M nenory, flash nmenory, ROM
menory, PROM nenory, EPRCNInenDry,(ﬁgr menory, registers, hard disk, a
renovabl e di sk, a CD-ROM or any ot rmof storage nedium known in
the art. An exenplary storage nediumis coupled to the processor such

that the processor can read information from and wite information to,

t he stdrageA metipdinat debwgeing aanulsithieaded digitahaignal preggesareldie urthady be

integral to.the processor. The processor and the storage nedi um may

resi de “PHPEH™MASI C. The ASIC may reside in a conputing device or a user
term nal, | platig aalekvReRdddrysatiid@e REOGOSRAE] a%dalt dign a8 bcager im@ehmdpymay
reside as discrete conponents in a conmputing device or user term nal

[ 001061n0HRe previ ous description of the disclosed enbodi ments is provided
to enable any .person skilled in .t 0 - . present
disclosure.négpg%ﬁ%a%%ﬁ??ﬁ%% ié%@“@%“ﬁﬁﬁﬁégkg% g%?%%#fgﬂ%ﬁﬁpgﬁggreadily
appar e@turam{)bhp@gramktﬂrém off thet tgltigrtadeadihitah sigAd PeSdeSsorparidnci pl es def i ned
herein may be applied to other enbodi nents w thout departing fromthe
spirit or stwpdonng whether & globaluosver pHisignat e uus b the w@émﬁglm globd lowt
intende@ﬂ¥hégaﬂ£gu&ﬁg to the enbodi mrents shown herein but is to be

accor d8d"t'he W'dest Scope consistent with the principles and novel
features as defined by the followng clains. 26 CLAIMS 1. A nethod of
debuggi ng a nultithreaded di gital signal processor, the nethod

conpri 8i ng: Tpt aeilng o clpewi Ic Surithes 6ppprising mynitpngy btele sgnshfem efichiof tie

" ow poRbaEpLRebih Brfid B ¥ e RAE IR Ref d BB o S ReRF Saas

of theigmlatsidepm@aided di gital signal processor; and nonitoring whether a
gl obal power off signal is output by the output of the global |ow power
detection circuit. 2. The nethod of claim1, further conprising nonitoring

2 stats sl ongl LR SAEOS (e cRhUEALL fotell HLOBLAML I E3tRn LFSt X o

si gnal “i ndi cating whether “an” associ am S
node. 3ff sidhal WBURREbPthecdlabanlcdy pbuet digsctio@REwisi ng det er mi ni ng how of ten

t he gl obal power
4. The method of claim 3, further comprising determining how often the state signals
from each of the plurality of program threads indicate that an associated program thread is

sleeping.

5. The method of claim 4, further comprising determining a percentage of a total test

time that the global power off signal is output.

0. The method of claim 4, further comprising indicating a successful test result after
determining that the percentage of total test time that the global power off signal is output is

above a predetermined threshold.

7. The method of claim 6, further comprising indicating a test failure after determining

that the total test time that the global power off signal is output is below a predetermined
threshold.



off signal is output by the global |ow power detection circuit. 4. The
met hod of claim 3, further conprising determning how often the state
signals fromeach of the plurality of7 programthreads indicate that an
associated programthread is sleeping. 5 The nethod of claim4, further

i ginN 1o : : [ | obal
pover 51 f o1 o SRR R PR ip € gl oo Ryl bl 2 2
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of totgl test ti t hat the gl opal power off. sigpal is output is above a
pr edet diernefigtoen gg%@g [igpt time tgﬁéﬁ%%lpﬁ%kpow efféi%a IS oU{RY FeFereonpr i si ng
indicating a test failure after determining that the total test tine that
t he gl obal power off signal is output is below a predeterm ned threshold.
27 8. 9The iret hethodfofclamrB, Gyrtien comprisicg implidating thatl e pertivulzc pepgrdre thread a
percentage of total test tine that any of the plurality of program
threadésW%S@F@B%?‘Pfgn?eési(ép%mgg’cfga determning that the percentage of
total test tinme that the gl obal power off signal is output is zero. 9. The
met hod of claim@8, further conprising indicating that a particular program
t hread10i s Aoctystsinefepielygaing smeetshieadddeligitd sifghaldrodB@sorAths ygstemn f or
debugging a.multithreaded digital signal processor, the system

conpri §P'AES 8 conput er; and a Joint Test Action Group (JTAG interface at
the conputef coMpgkRiafgt he JTAG interface at the conputer is coupled to a
JTAG interface at the nultithreaded digital signal processor, wherein the
JTAG i nt er f adental et Metion tpotret) TASY)aoteffacpuat it ¢coonpuereivherean e dHAIG power
of f signal. froma gl obal | ow power tection circuit within the,.

mul ¢ t P Esa B gritaer i orbieday 5 EaBURE e ke P bl et  ace at
the cOpRUERDr, hhef@HeIUNRS it G A8 GBI @oRpuleP ¥ RANBHred kR INMAbbal F OM €ach
of the plurality of programthreads, eagh | ow power state signa

i ndi capowiegr adhgigha fromna ghdellioat povepdegraon ¢itmugardthis thenmaltshreadedridgieal 11.

Th Al f claim,1Q, furth onpr.ising: a proge ithin the
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debugger ~ program conpri si ng:
signal indicating whether an associated program thread is in a sleep mode.

11. The system of claim 10, further comprising:
a processor within the computer;
a computer readable medium accessible by the processor; and
a debugger program embedded within the computer readable medium, the debugger
program comprising:
instructions to monitor an output from the global low power detection circuit
within the multithreaded digital signal processor while a device incorporating the
multithreaded digital signal processor is in a standby mode, wherein the global low
power detection circuit is responsive to the plurality of program threads of the
multithreaded digital signal processor; and
instructions to monitor whether a global power off signal is output by the

output of the global low power detection circuit.

12. The system of claim 11, wherein the debugger program further comprises instructions
to monitor a state signal corresponding to each of the plurality of program threads, the state

signal indicating whether an associated program thread is in a sleep mode.



instructions to nonitor an output fromthe gl obal |ow power detection
circuit wthin the nultithreaded digital signal processor while a device
incorporating the nultithreaded digijg@l signal processor is in a standby
node, wherein the global |low power detection circuit is responsive to the
plurality of programthreads of the multithreaded digital signal
processor; and instructions to nonitor whether a global power off signal
is outpBt birht bgsterpof plaim 0P, Whereiplthdadbulggsy poyvam flethecdontdtises indttiidtiond 2.
The system of claim 11, wherein the _debugger program further conprises

i nst r uée dFEIng BowsArr Hie gobal ppweiety signaldd pr@uipniic mpbeblovaptvet t he

pl urali ram threads, the state signal indicating whether an
associ g%%%t?(%lrcg%‘ragmthread isin a sleep node. 28 13. The systemof claim
12, wherein the debugger program further conprises instructions to
determ ne how often the gl obal power off signal is output by the gl obal

| ow poldr  dat sxtsp Al elajng 4+ Whergin the,detuggergirpgramelugngs %@}P%ﬁ%%néirﬁgtoﬁé
debugg ri j r i : ) ow often
he-af oy AREATRER WELRBL. FRERIELRTRoch B dfFhd AR O L AR Ol ot es
t hat t heli@éssaobitahessspriagd progrdm eladad s skkepi@pi ng. 15. The system of claim
14, wherein the debugger programfurther conprises instructions to
determ ne a percentage of a total test tinme that the gl obal power off
signal ks o Y. : i ' . pLogram
furthe r1 5'0 o] rrg %llp ?eséenljr gg % l}glg t1 ?’o‘ﬁ%ﬁg?tngfl? gﬁﬁlg g%rtjﬁggr\sﬁﬁﬁ%gisl grf %%r%%%iﬁ?%ﬁ%o@é after
det er madaigrntihad ptroentpgr cfentotad eesofimt i khet gdsthal power dffiaignak keugluabal power
off signal is output is above a predeterm ned threshold. 17. The system of
cl aim 16, wherein the debugger programfurther conprises instructions to
i ndi catg a ' - A : b t - tdre: that
the ol obal paadr an OB L b e b e By 8L it Riohe o .
18. Thé myshem wfcashial testirésulftar eletrermininglibbiutyg eercpitage afofal tdshime clearpr i ses
instructions., to determ ne whether a percentage of total test tine that
any of ﬁ}@ﬁ:’i&w PP ¢y signalds ggiPY s a@%Y%Hﬁfﬁ%ﬂ%lp%ﬁ]Wiaokds zero after

determ ning that the percentage of total test tine that the global power
off signal is output is zero. 19. The system of claim 18, wherein the
debuggé?. pr dbe aysidoupf tleim ¢ 6phdreiaghd debuippatprogram futthémingaises inb@iictidns

particul ar. program.thread |s not. sl eepin nd needs to be nodified. 20. A
por t abf%lnéﬁ%ﬁﬁf?%g%ls%ﬁ ag%r\F’eéeé{n“?:‘B%ﬁ}ait %@ﬁ%{aﬁieﬁt Eaehah R 82?Pal pavesi ¢ff t al
si gnal ;BRAGESSBhL is below a predetermined threshold.

18.  The system of claim 17, wherein the debugger program further comprises instructions
to determine whether a percentage of total test time that any of the plurality of program
threads is sleeping is zero after determining that the percentage of total test time that the

global power off signal is output is zero.

19. The system of claim 18, wherein the debugger program further comprises instructions

to indicate that a particular program thread is not sleeping and needs to be modified.

20. A portable communication device, comprising, in combination:
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;



a peripheral device external to and coupled to the digital signal
processor; wherein the digital signal processor includes: a plurality of
programthreads; a plurality of globg resources; 29 a global |ow power
detection circuit to receive an input signal responsive to each of the

plurality of pr 09' 2 [ﬁ%%ov\erd@ﬁ? 18111 Cll‘(ELr'ﬁ to%c% Ll %tps?%rﬁﬁ AL SRk QN

circuit outputsag urn o rtothe

plurality otadlsihed plurstspuf p@grajaaﬂ@@d@nvlﬁéﬂ@nlﬂmoglbb@ll1gwqiosvev\/d@tecttdhe i nput
signals indicate that each of the_ plurality of programthreads is in a
sl eep node; cHsit WHEYEPElambPewve afhrizeal éntim pHdbenawer tedhapiuralisy 9f dabgut s a

system po""%es%%e??&@&‘ nttk?e mwtes a#%{)sj PR dtﬁé gﬁi’%}gﬁals ﬂﬁ‘i‘ca&e{‘/\ﬁa@éa@ to? neS! gnal

processor can ace ere gl obal

| ow power dphﬂﬂhy@ﬂpﬁ@ﬁﬁmﬂﬁe&ﬁipﬁﬂﬁﬂ&@nﬁ@&ihﬁdplural|ty of progran1threads
is nonitored to determ ne whether the gl obal power off signal has been
sent. 21. Théegavihedigial sicaplmroessauseleaively pripusy ssapepawever offisigiagival i s

outputh%%)wpﬁaﬂ @%%£Mﬁ&9 the gl obal resources is turned off. 22. The

devi ce of erein the peripheral device is at | east one of the

fol l owi ng: tie dizisdd|sRMalCeotdsedd c@h be pldecod ahs ShRHY BOd fop UbRIpgi WhérY éfesal
serial bus controller, an audio coder/decoder (CODEC), a voice

coder / @sbabler [eo@DESECtion el rasRoRsite @ PRraiy of RromENp thrsadsis menitgred

conmuni, ¢ V 3. The device of claim 20,

furthe#og%%%gﬁgﬁﬁaﬂggBFégggp(ﬁ%gfﬁpﬁg#%g?pd%% Hﬁ that is powered off in

response to the system power off signal. 24. The device of claim 23,

wherein theTgerl pheral device is coupled to the digital signal processor
I

via thédlat ileadevienel ¢laipuz).ovheptin the systewomr@éﬁmggﬁl oo wRwiedavheadepier si ng:
means { ﬁwgﬂﬂbiﬁﬁ&ﬂggﬂguﬂﬁ%P&& of a global | ow power detection circuit

that is o a plurality of programthreads of the multithreaded
di gi tal S|gnal processor; and neans for nonitoring whether a gl obal power

of f signal is output by the output of the | obal | ow power detection
circui €2  The device of claim 20, wherein the 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.

23.  The device of claim 20, further comprising at least one input/output pin that is

powered off in response to the system power off signal.

24.  The device of claim 23, wherein the peripheral device is coupled to the digital signal

processor via the at least one input/output pin.

25. A debugging device, comprising:
means for monitoring an output of a global low power detection circuit that is
responsive to a plurality of program threads of the multithreaded digital signal processor; and
means for monitoring whether a global power off signal is output by the output of the

global low power detection circuit.



