WD 02/ 46894 PCT/ US01/ 43412 PROCESSOR | DLE STATE BACKGROUND Thi s invention
relates to placing a progranmable processor in an idle state. A

pr ogr amabb e2/pgsecessor, such as a mcroprocessor for a cpOpuber43ern a
digital signal processing system nay be capable of performng mllions of
el ectronic operations per second. In sone applications, the processor may
have few operations to performat a given tine, yet the processor renains
fully powered and ready to PROCESSORS IDEEdedaTENe power consunption may be
undesi rabl e when, for exanple, the processor is incorporated in a
battery-powered device. DESCRI PTION OF DRAWNGS Figure 1 is a bl ock diagram
illustrating an exanple of a pipelined progranmable processor. Figure 2 is

a schematic illustrating an exanpthKﬁﬁlgﬁblon pipeline. Figure 3 is a
flowchart illustrating a process for p aC|ng a processor in an idle state.

Figure 4 is alf%is f%égyﬁygﬂﬂk %ﬂé@‘% T%aing a programmable

processor in an idle state.

A programmable processor, such as a microprocessor
for a computer or a digital signal processing system, may
be capable of performing millions of electronic
operations per second. In some applications, the
processor may have few operations to perform at a given
time, yet the processor remains fully powered and ready
to perform as needed. The power consumption may be
undesirable when, for example, the processor is

incorporated in a battery-powered device.

DESCRIPTION OF DRAWINGS
Figure 1 is a block diagram illustrating an example
of a pipelined programmable processor.
Figure 2 is a schematic illustrating an example
executlon pipeline.
Figure 3 is a flowchart illustrating a process for
placing a processor in an idle state.

Figure 4 is a logic diagram of an idle handler.



WO 02/ 46894 PCT/ USOL/ 43412 Figure 5 is a flowhart illustrating a process
for returning a processor froman idle state. Figure 6 is a flowhart
il lustratwag2zasps ocess for returning a processor from anPCTUSOIB3aL2e.
DETAI LED DESCRI PTION I n sone instances, it may be desirable that the
operations of the processor be suspended. Wien the operations of the
processor are suspended, power to the processor nay be reduced, thus

pronoting ener giigwefd iTiency ahdvqizottongiing thatitiery pewicesEhedechni ques
descri bed bel ow may provi de ways of creating an idle node for a processor,

in which the-yroGesSOrpReFd H5aB £:0% Qin DL PrAGASSI Ng oper ations, does not
fetch instructions for execution, and/or ignores interrupts. Al so

described are #gahai ayiess fore{ waking up’s LidigRraeess e I ids 1l e

state and returning it to its active stat Figure 1 cK di agr am
|IIustrat| q&gg?% ogessar havi,ng an execution pipeline 14
and a cont un?#PQg £ fdﬁ? fﬁlco&tr&t Se flow of instructions
and data through pi peline 14 durlng a clock cycle. For exanple, during the
processing of an instruction, control unit 12 may direct the various

DETAILED DESCRIPTION

In some instances, it may be desirable that the
operations of the processor be suspended. When the
operations of the processor are suspended, power to the
processor may be reduced, thus promoting energy
efficiency and prolonging battery power. The techniques
described below may provide ways of creating an idle mode
for a processor, in which the processor performs few or
no processing operations, does not fetch instructions for
execution, and/or ignores interrupts. Also described are
techniques for “waking up’” the processor from its idle
state and returning it to its active state.

Figure 1 is a block diagram illustrating a
programmable processor 10 having an execution pipeline 14
and a control unit 12. Control unit 12 controls the flow
of instructions and data through pipeline 14 during a
clock cycle. For example, during the processing of an

instruction, control unit 12 may direct the various



2 WD 02/ 46894 PCT/ US01/ 43412 conponents of pipeline 14 to decode the
instruction and performthe correspondi ng operation including, for
exanpl e, wob2/idsge t he results back to nmenory. Many oper at POnVES@f43pr2ocessor
10 are clocked, with a clock signal supplied by a clock controller 15. A
connection denoted "idle output™ 17 couples pipeline 14 to an idle handler
11, shown in Figure 1 as part of control unit 12. Idle handler 11 may
bri ng abogempamentd @fsareline ddditio dlecoddl ¢hkandkerutt ioayaasisert idle
output bit 17 to indicate an idle state. Assertion of idle output 17 may
stal | pi pgleinferid thendomayespesulihg iopesuspensiaelobiager &irons of pipeline
14. Suspension of operations nay be part of placing processor 10 in an

idle statexahlle handltehgl thandeisdlie sopkRut tb7makgrydesgphbed in nmore
detail below. In sone applications, programuable processor 10 cooperates

W th a Mg 0683800618 RLREesSaln 10 MY Rgeqd §haye 0L 13 gompani on to
mai n processor 18. ot her applications, programrabl e processor 10 nay

I'n
108 COOEeRALR ARSI U RSSRIOLcThe;syat g deptcted T Figure 1
A connection denoted “idle output” 17 couples
pipeline 14 to an idle handler 11, shown in Figure 1 as
part of control unit 12. Idle handler 11 may bring about
the idle state. 1In addition, idle handler 11 may assert
idle output bit 17 to indicate an idle state. Assertion
of idle output 17 may stall pipeline 14, and may result
in suspension of operations of pipeline 14. Suspension
of operations may be part of placing processor 10 in an

idle state. Idle handler 11 and idle output 17 are
described in more detail below.

In some applications, programmable processor 10
cooperates with a main processor 18. Processor 10 may be
a slave or a companion to main processor 18. In other
applications, programmable processor 10 may not cooperate
with another processor. The system depicted in Figure 1
is intended for illustration and is not intended to limit

the scope of the invention. In addition, applications

may include additional components not shown in Figure 1,



the scope of the invention. In addition, applications may include
addi ti onal conponents not shown in Figure 1, 3 WD 02/46894 PCT/ US01/ 43412
such as swanr/esspeandom access nenory, bus controllers, i nrPera@i43hendl ers
and i nput-out put devices. Main processor 18 may sense idle output 17. By
sensing idle output 17, main processor 18 detects whether processor 10 is
active or idle. Main processor 18 nay be further adapted to wake up

pr ocessor siighbypsasserttiicorapfdoa awakesupesiognal b84. cbastkrbuteirens, stored in
instruction cache nenory 16, may be |oaded into a first stage of pipeline
14 and precessegtt hxeugkdshensubseguent:tplidgaevifBe.stages may process
substantially concurrently with the other stages. Data nay pass between

the stages in pipel i1 ckAsd i1ROn@y ckask avgkecakoLRe systap The results
of the instructions may energe at "the end of plpeplne 14 in” rapid

Success! OberSua 2y UStAstos ag,ReaLg ekt PLABLLAS 10, 00

(DEC). address oS3 G4 34 aRelh9 o X854t e (EX), aNd uile back (V).
further adapted to wake up processor 10 by assertion of a
wake-up signal 84.

Instructions, stored in instruction cache memory 16,
may be loaded into a first stage of pipeline 14 and
processed through the subsequent stages. The stages may
process substantially concurrently with the other stages.
Data may pass between the stages in pipeline 14 during a
clock cycle of the system. The results of the
instructions may emerge at the end of pipeline 14 in
rapid successiocon.

Figure 2 illustrates an example pipeline 14.
Pipeline 14, for example, may have five stages:
instruction fetch (IF), instruction decode (DEC), address
calculation (AC), execute (EX) and write back (WB).
Instructions may be fetched from memory, or from
instruction cache 16, during the first stage (IF) by
fetch unit 20 and decoded 22 within address registers 24
during the second stage (DEC). At the next clock cycle,

the results may be passed to the third stage (AC), where



I nstructions may be fetched fromnenory, or from instruction cache 16,
during the first stage (IF) by fetch unit 20 and decoded 22 wi thin address
regi ster svQa42/4@o¢ i ng the second stage (DEC). At the next epCDOROIGABdi2e, the
results may be passed to the third stage (AC), where 4 WD 02/ 46894

PCT/ USO1/ 43412 data address generators 26 cal cul ate any nenory addresses
that are used to performthe operation. During the execution stage (EX),
execut i on dartiat 2B8lremy genfegrmddse 2 operlatilanesaak asmofrgr aekaeplses addi ng
or nultiplying two nunbers. During the final stage (WB), the results may

be wittendiacke asdat aompRRmO@ the dalkaateshst ensrd@g Aneapplication
i ncl udi ng progranmabl e processor 10 nay encounter situations in which

pFOCGSSOVe%Qcﬂ%%o&QstEg K EKY , PRLIQHMI ohelinki $ @@nﬁH?‘Bgr@%WﬁrthEn such
situations it may be a vantageous for processor 0o enter a | ow power

idle ”Ddeopg}aﬂyéa %g gy B8 e@b%%%%ﬁoagﬁinfor eﬁﬁ&%ﬁyi%énﬁ &) t hat

i nstructs processor t o' ent er wer 98.'[6 SIQOCGSSOI’
R O R e SRR Nt R R R G
respect. written back to data memory or to data registers 30.

An application including programmable processor 10
may encounter situations in which processor 10 has no
tasks to perform, yet is consuming power. In such
situations it may be advantageous for processor 10 to
enter a low-power idle mode. An idle mode may be
initiated by, for example, a user that instructs
processor 10 to enter a low-power state, or by main
processor 18 after a period has elapsed in which
processor 10 has had no tasks to perform, although the
scope of the invention is not limited in this respect.
Figure 3 illustrates a process by which processor 10 in
an active state (50) may enter a low-power idle mode.
When an idle is indicated (52), such as by a user or by
main processor 18, processor 10 may disable interrupts
(54). One way to disable interrupts is to execute a CLI
(clear interrupt) instruction that alters the interrupt

mask used by the interrupt handler. As a consequence of

executing the CLI instruction, processor 10 may ignore



Figure 3 illustrates a process by which processor 10 in an active state

(50) may enter a |l owpower idle node. Wen an idle is indicated (52),

such

as by a we@p2/ed89by nain processor 18, processor 10 may dPEBDK@/43mt2er r upt s

(54). One way to disable interrupts is to execute a CLI
instruction that alters the interrupt

(clear interrupt)
mask used by the interrupt handler.

As a consequence of executing the CLI instruction, processor 10 nay ignore

5 WD 02/ 46i894e PO USOA 4B 1ont ¢ it reg riipt sidve | stamd er ilgpddwsdndl B0 st at e.

Processor

a known idle state allows processor 10 to exit fromthe idle node at a

later time in Br&oowwost A eshat thoste dINdes U0 NKh & NESKEL fgure 3 shows

10 may also ignore interrupts while in the idle state. Processor
10 then plrecesaliéseldnore ai kinomrupitd evh staten (156 .iPlad g grocessor 10 in

one way to place processor 10 in an idle state (56). An idle request may

be i ndi cated: (52)sby. sending: 3kddl & nsig ust i P hrouah Pipeline 14 As

will be described below, the idle instruction may res

thee setting

of an idl eaﬂgvgité&%%ggsésreeld:igoureexjgg eé%?%ttehel ?.I é‘haogjgebitét[ 85301 %FI Bgi cate

t hat processor

stored

entering an i

time in a known state, without undergoing a reset.

Figure 3 shows one way to place processor 10 in an idle
state (56). An idle request may be indicated (52) by
sending an idle instruction through pipeline 14. As will
be described below, the idle instruction may result in
the setting of an idle flag bit 80 (see Figure 4) (58).
Idle flag bit 80 may indicate that processor 10 is
entering an idle state. Idle flag bit 80 may be stored
in a memory element such as a register 102 (see Figure
4y .

The idle instruction may be followed in pipeline 14
by a system synchronization (SSYNC) instruction (60). In
general, an SSYNC instruction may specify that all
pending processing operations must be completed before
the next operation is initiated. Accordingly, the SSYNC
instruction may allow instructions already in pipeline 14
to emerge, but may stall pipeline 14 from fetching a new
instruction from instruction cache 16 until a system

acknowledgement 82 (see Figures 1 and 4) is received.



in a nenory elenment such as a register 102 (see Figure 4). The idle
instruction may be followed in pipeline 14 by a system synchroni zation
(SSYNC) webvruspi on (60). In general, an SSYNC i nstructipar/way/speci fy
that all pending processing operations nust be conpleted before the next
operation is initiated. Accordingly, the SSYNC instruction may all ow
instructions already in pipeline 14 to energe, but may stall pipeline 14
from f et cBiyagea newnowistiouetiton 2f mam insicucti ehacaahe pénuphyl a system
acknow edgenent 82 (see Figures 1 and 4) is received. 6 WO 02/ 46894

PCT/ USO1/ 434t2m Systremiaeknawedgaent -82pmayeyndi ¢at grhhat wglhspendi ng
system operati ons have been conpleted In other words, sending SSYNC

through pipgkiiRg %éYW%Vt%tx%Ughp 'eiﬁﬁelgélA%Qgt Eggﬁ mﬁggéﬂgwg 4in the

i nactivation of "I F stage ow ng pendi ng

instructi h C npl Le, exe utl Far, anple, a
|nstruct|§%ﬁ§ 8 éf the §g$ﬁcglns ruc |on 'R gfoﬁaﬁgs g ggéaﬁesBEFo a
systembus is not st but her al l owed . to conglete execution,
Chus ot oSBEoPRg BIS Aot GLAGGN "SRGy AEEl PERHi P e RRUSEGGESORL I L he

ahead of it to complete execution. For example, an
instruction ahead of the SSYNC instruction that makes a
request to a system bus is not stalled, but rather is
allowed to complete execution, thus preserving bus
protocol. SSYNC may stall in the EX stage until the
system acknowledges the SSYNC instruction.

The SSYNC instruction may perform operations other
than in connection with placing processor 10 in an idle
state, but when executed in combination with the idle
instruction that sets the idle flag bit 80 (58), the
SSYNC instruction brings about an idle state as will be
shown below. The SSYNC instruction may generate a known
state in processor 10, because the SSYNC instruction
stalls pipeline 14 until all operations prior to the
SSYNC instruction are completed. In addition, the SSYNC
instruction may “kill,” or cancel, all or some operations
in pipeline 14 when the SSYNC instruction reaches the WB

stage.



syst em acknowl edges the SSYNC i nstruction. The SSYNC i nstruction may
perform operations other than in connection with placing processor 10 in
an idle woate89but when executed in conbination with thePCTUS01/43mBX r uct i on
that sets the idle flag bit 80 (58), the SSYNC instruction brings about an
idle state as will be shown below. The SSYNC i nstruction nmay generate a
known state in processor 10, because the SSYNC i nstruction stalls

pi peline 14 unthk alktepebatdnons cPREntOst BRa1 SEY NG NBET USEhOR ar e
conpleted. In addition, the SSYNC "instruction may "kill," or cancel, al

or some o LORAS + 1, LReld : S L uction reaches the
V\B stageEﬁgggE?%2F2539§h%%%?%%é%ﬁ32§?§cgaﬁggsggggﬁsgﬁ now edgenent si gnal

82 may be. J_ndicate.that instructjons_precedi ng.the SSYNC
instructi8ﬁ§%23%%%8§nh%%§cgfgg §$e5938§s§3rprCSHEOByggnﬁndo ¥ef™¥onponent s
of the sys%ﬁnl such as main prgcessor 18 and bus controllers. UEon recei pt
by proces§6PCF0CEFPRRCEYSt 8h &ERNSWFLEYneRtCRi §RalN28D, PERESSSYRCL 8
instruction would ordinarily enter the WB stage and conpl ete execution.
Because t RBdj BPE FREtFQELFER -ha¥Pest rrgpépt by processor 10 of a

system acknowledgment signal 82, the SSYNC instruction
would ordinarily enter the WB stage and complete
execution. Because the idle instruction has set idle
flag bit 80 (58), however, pipeline 14 may remain stalled
and the SSYNC instruction may remain in the EX stage.
System acknowledgement 82 may be received by idle handler
11 (62). In addition, the state of idle flag bit 80 may
be sensed (64), resulting in the assertion of an idle
output signal (66) at idle output 17. Pipeline 14 may
remain stalled as long as idle output 17 is asserted.
Because pipeline 14 is stalled, the SSYNC instruction may
be stalled in the EX stage and may not enter the WB
stage.

Idle handler 11 may clear idle flag bit (68).
Detection of idle flag bit 80 (64), setting idle output
17 (66) and clearing idle flag bit 80 (68) may be
performed by logic in idle handler 11 as described below.
In addition, main processor 18 may sense idle output 17,

and consequently may sense that processor 10 is in an



flag bit 80 (58), however, pipeline 14 may remain stalled and the SSYNC
instruction may remain in the EX stage. System acknow edgenent 82 nay be
recei ved wo or/¢dise4 handl er 11 (62). In addition, the stateprof/usdls4f2 ag bit
80 may be sensed (64), resulting in the assertion of an idle output
signal (66) at idle output 17. Pipeline 14 may remain stalled as |ong as
idle output 17 is asserted. Because pipeline 14 is stalled, the SSYNC

i nstructi ohdhaystdee stald eduims thef BXbstage land dryr s s €t ero t he WB
stage. ldle handler 11 may clear idle flag bit (68). Detection of idle

flag bit 807¢64),Irsedddigt dnll o opliPuing I £ Gfe andOlLaridn i dle flag bit
80 (68) may be performed by logic in |d| e handl er 11 as descri bed bel ow.
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generally would less than the “active mode voltage level”

at which processor 10 normally operates, but sufficient

to retain the state in the registers. Because power

consumption is generally proportional to the square of

voltage, reduction from an active mode voltage level in

particular embodiments, such as 1.3 volts, to an idle

mode voltage level, such as 0.7 volts, may result in a

considerable power saving. With clocks turned off and

power supply reduced, processor 10 is in a low-power idle

mode.

Figure 4 is a logic diagram of an idle handler 11 in

accordance with an embodiment of the present invention.

Figure 4 illustrates techniques for carrying out the

method described above. While processor 10 is active,

all bits in the diagram are deasserted. Idle flag bit 80

may not be set and idle output pin 17 may not be

asserted. When the idle instruction enters the WB stage,

a bit is asserted at reference numeral 96. This bit may

be latched by a storage element such as register 102. On



generally would | ess than the "active node voltage level” at which
processor 10 nornmally operates, but sufficient to retain the state in the
regi st er WOBxe@ase power consunption is generally proporeCDuad/43012t he
square of voltage, reduction froman active node voltage level in

particul ar enbodi nents, such as 1.3 volts, to an idle node voltage |evel,
such as 0.7 volts, may result in a considerable power saving. Wth cl ocks
turned of fthendiexfowdroSuppiol aedegddt oy dd@ssery Bt Sdile & lagwbpdwer idl e
node. Figure 4 is a logic diagramof an idle handler 11 in accordance with
an enbodi Bént afdlitehef Jpresant Sionwait irema i nfFia@wea tdd bledsitusat @ t echni ques
for carrying out the nethod described above. While processor 10 is active,

all bits ifeddm i agy YR Y= deassentiad.i Jid %u{}:\lﬁﬁ& hi7t 180 o ARY-RGt. be set
and idl e out put pin 17 may not be asserted en the idle instruction

enters the VB s#age.; g1 Bty sggy ted _at fer e ral 96. This bit
may be | atched by al storag %lgn;??t tJLguc%saesr‘%r ?g?@?er%?gea%m 9 WO 02/ 46894
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be generated, which is latched in register 94. On the
next clock cycle, idle output 17 may be set. The high
idle output 17 may be inverted and passed to AND gate
100, which places a deasserted bit in register 102,
resulting in idle flag bit 80 being cleared on the
following clock cycle. Idle output 17 may remain high
because of feedback to OR gate 90 until a wake-up signal
84 is asserted. Until wake-up signal 84 is asserted,
processor 10 may remain idle.

A method embodiment for returning the processor to
an active state is illustrated in Figure 5. Main
processor 18 may restore clocks to processor 10 and may
restore the power supply to an operating level, such as
by setting the power supply to the active mode voltage
level (110). Main processor 18 may also generate a wake-
up signal 84 (112). As shown in Figure 4, wake-up signal
84, inverted and passed to AND gate 92, deasserts a bit
that may be latched in register 94, clearing idle output

bit 17 on the following clock cycle (114).

10



feedback to OR gate 98 until idle output 17 is asserted. Wen idle flag bit
80 is asserted AND (88) an acknow edgenent to SSYNC 82 is received, a high
bit may Wweoyemses ated, which is latched in register 94. CaCT/ieov/43ext cl ock
cycle, idle output 17 may be set. The high idle output 17 may be inverted
and passed to AND gate 100, which places a deasserted bit in register 102,
resulting inidle flag bit 80 being cleared on the follow ng clock cycle.

| dl e output 17 omearienpiitii gutdhecausea=sf freedkaghk 1tiecOR40&em90 until a
wake-up signal 84 is asserted. Until wake-up signal 84 is asserted,

processor p1kQ ey AMRId | HeadJTRE Rod rerbedient JQfehgt @oniag t he

processor to "an active state is illdstrated in Figure 5. Main processor

18 my 1 epkare LAck o RAREIIY 10 A0A TR LY el g JpQUer supply to

an operating |level, such as y setting the power supply to’the active node
voltage |evel .(,110)...Main processar may al.so gener a ke- up signal
84 (112). CRECSHOWY i iR 4 Oifa ke &%esféﬁflll%4iqi N A passed to
AND gate 92, deasserts a bit that nmay be latched in register 94, clearing

i dl e out pLSHiRCIPE diha H‘elor“bl%vi’;inﬁ&ré%ér@ﬂéyém@( pipplipg 14
begins again, by fetching the instruction in instruction
cache 16 that follows the SSYNC instruction (118). The
instruction following SSYNC is typically an STI (restore
interrupt) instruction, which restores the interrupt mask
(120) . Pipeline 14 may then process instructions in
program order (122), meaning that upon waking up,
processor 10 may resume where it left off when processor
10 entered idle mode.

While in idle mode, processor 10 may ignore
interrupts. Processor 10 may also ignore interrupts
received prior to clock restoration (110). After clock
restoration, interrupts may be captured but may not be
acted upon until interrupt restoration (120). After
interrupt restoration (120), interrupts may be processed
by the interrupt handler of processor 10 in the ordinary
manner.

An alternate embodiment of returning the processor
to an active state is illustrated in Figure 6. Figure 6

is like Figure 5, except that main processor 18 generates

11



WO 02/ 46894 PCT/ US01/ 43412 Cearing idle output 17 may free pipeline 14
frombeing stalled. Because a system acknow edgnent 82 has been sent, the
SSYNC i nswouzsdseh enters the WB stage, canceling all opepariusenssire t he

pi peline 14 (116). At this point the flow of instructions into pipeline 14
begi ns again, by fetching the instruction in instruction cache 16 that
follows the SSYNC instruction (118). The instruction followi ng SSYNC is
typi cal | y aan iSTerfupst did€6)i.nt dhreuphkermsptuctiyonccuni eh megt eteget he
interrupt mask (120). Pipeline 14 may then process instructions in

progr am orstetn( 1A2Fi gieanieng fitkat cuperswakiengedporepl ¢@8506nd0 Mmay resune
where it left off when processor 10 entered idle node. Wiile in idle node,

processor pt@ohRY thaNQhe o rirtiRr MdRkS 1 sPLesessen J@zr@gy. ahgonbgngr e
interrupts received prior to clock restoration (110). After clock

restorati g Nt gl ugﬁq?fggt)sap B3Pl %qgtau&ea%@%o@eaggggjl%gﬂo” unti|

i nterrupt restérat|o Interrupt restorati Interrupts

may be proces interru R, ha roces 10 |n the ordinary
manner . Aﬁngﬁﬁe%ﬁgferg o&ineﬁfa reggkﬁlh P%@ 98358%

transferred by the interrupt handler to an interrupt
service routine (124). As a result, processor 10 may
execute the instructions of the interrupt service routine
(124) instead of processing instructions in program
order.

A number of embodiments of the invention have been
described. These and other embodiments are within the

scope of the following claims.

12



to an active state is illustrated in Figure 6. Figure 6 is |like Figure 5,
except that main processor 18 generates 11 WO 02/46894 PCT/US01/ 43412 an
i nterruptw@ 2269894 The i nterrupt may occur at any stage shp@muser/8Birure 6
after clocks are restored (110) and before the interrupt nmask is restored
(120). As noted above, the interrupt may be captured but not acted upon
until interrupt restoration (120), when control is transferred by the

i nterrupt dimitser to an interrupt service routine (124). As a result,
processor 10 may execute the instructions of the interrupt service routine
(124) instead of processing instructions in programorder. A nunber of
enbodi nents of the invention have been described. These and ot her

enbodi nent;s ar i of the following clains. 12 WO 02/ 46894
PCT/ US01/ 43412% \g?tAtFll\o/% %%R ‘lﬁqu conprising: disabling interrupts to a

processor; pl %(ils rrll% RI %%%%%rt i n.an |po£IO%ests%tg and

placing the processor in an idle state; and
asserting a signal at an output terminal indicative

of the idle state.

2. The method of claim 1 further comprising disabling

clock signal inputs to the processor.

3. The method of claim 1 further comprising reducing

the power supply to the processor.

4. The method of claim 1 further comprising:

setting an idle flag;

processing a system synchronization instruction, the
system synchronization instruction resulting in
generation of an acknowledgment signal; and

placing the processor in an idle state upon sensing

of the idle flag and the acknowledgement signal.

5. The method of claim 4 wherein processing the system

synchronization instruction results in the processor

13



asserting a signal at an output termnal indicative of the idle state. 2.
The method of claim 1l further conprising disabling clock signal inputs to
t he procav@o0r/468%¢ The nethod of claim 1 further conprisinpCT@duci3my the
power supply to the processor. 4. The nethod of claim1 further conpri sing:
setting an idle flag; processing a system synchronization instruction, the
system synchroni zation instruction resulting in generation of an

acknow edgmertrisigraalkncamd silada g fidre phec essoowlrdgrmredite sdtgalad upon
sensing of the idle flag and the acknow edgenent signal. 5. The met hod of
cl ai m 4 whey ejdhquaaeBsi ng the system synchronization instruction results
in the processor 13 WO 02/ 46894 PCT/ US01/ 43412 entering a known state
before the acknowl edgenent signal is generated. 6. The nethod of claim1
wherein the processor includes a pipeline, the nethod further conprising

canceling @l | ORCLALIANS i AP PEHAR 1 ' £nENBrTREIAY O Eh QDL Furt her

COI'TpI’I Si ng recel ving

a pipeline, the method further comprising canceling all

operations in the pipeline.

7. The method of claim 1 further comprising receiving a

wake-up signal.

8. A device comprising:

an execution pipeline; and

an idle handler coupled to the execution pipeline;

wherein the idle handler is adapted to stall the
execution pipeline in response to an idle instruction in
conjunction with a system synchronization

acknowledgement.

9. The device of claim 8, the idle handler comprising

an output terminal, wherein the idle handler is adapted

to assert a signal at the output terminal in response to
the idle instruction in conjunction with the system

synchronization acknowledgement.

14



wake-up signal. 8. A device conprising: an execution pipeline; and an idle
handl er coupled to the execution pipeline; wherein the idle handler is
adapt ed twoser/adsh4 t he execution pipeline in response to arCT/aBe&/43metruction
in conjunction with a system synchroni zati on acknow edgenent. 9. The
device of claim8, the idle handler conprising an output termnal, wherein
the idle handler is adapted to assert a signal at the output termnal in
response ti. t Hehe dieviastofictliaim i, oond ot iie Witdputhe: sysitrem
synchroni zati on acknow edgenent. 14 WO 02/46894 PCT/ US01/ 43412 10. The
devi ce of id addnPledVes & mdie- P Merdter minal is coupled to a menory
elenment. 11. The device of claim8, the idle handler conprising a wake-up
input termnal, the idle handl er adapted to discontinue stalling the
execution pipeline in response to a signal received on the wake-up input

terminal . 2. T e A Al &, Ol S d el Al S Nl el %, pdapted
to set an |dIe ag in response to
wake-up input terminal, the idle handler adapted to

discontinue stalling the execution pipeline in response

to a signal received on the wake-up input terminal.

12. The device of claim 8, wherein the idle handler is
adapted to set an idle flag bit in response to the idle
instruction and to clear the idle flag bit in response to

a system synchronization acknowledgement.

13. A system comprising:

a first processor, the first processor adapted to
enter an idle state and supply an idle output signal;

a second processor coupled to the first processor;

a clock adapted to supply a clock signal to the
first processor; and

static random access memory coupled to the first
processor;

wherein the second processor deactivates the clock
signal supplied to the first processor in response to

sensing the idle output signal.
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instruction and to clear the idle flag bit in response to a system
synchroni zati on acknow edgenent. 13. A systemconprising: a first
processomyObhesspd r st processor adapted to enter an idl e BCBUSOAIAI2sUpPpP] Y
an idle output signal; a second processor coupled to the first processor;
a clock adapted to supply a clock signal to the first processor; and
static random access nenory coupled to the first processor; wherein the
second processor deactivates the clock signal supplied to the first
processor in response to sensing the idle output signal. 15 WO 02/46894

PCT/ US01/ 43412 THe. s fdwsens st €M 0fm €1 Riwhekde Whettd e ithe: fdFsde ¥@cessor
conpri ses an execution pipeline and an idle handler coupled to the

executi on Qimehi s 5. o Rhausist 9 af1 GlaidAd 3 whereidy e first processor
is adapted to ignore interrupts issued fromthe second processor while in

the idle s ' T 13, wherein the second processor
P IR IR A

i s adapte wake- up S|ga§¥%%%t%é first

15. The system of claim 13, wherein the first processor
is adapted to ignore interrupts issued from the second

processor while in the idle state.

16. The system of claim 13, wherein the second processor
is adapted to supply a wake-up signal to the first
processor, and the first processor is adapted to exit the
idle state when the first processor senses the wake-up

signal.

17. A method comprising:

supplying clock signals to a processor, wherein the
processor 1s in an idle state and is not responsive to
interrupts;

signaling the processor to exit the idle state; and

restoring the responsiveness of the processor to

interrupts.
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processor, and the first processor is adapted to exit the idle state when
the first processor senses the wake-up signal. 17. A nethod conpri sing:
suppl yi ngv@boedsssi gnal s to a processor, wherein the procPEBORI/4S4i2n an
idle state and is not responsive to interrupts; signaling the processor to
exit the idle state; and restoring the responsiveness of the processor to
interrupts. 16 WO 02/46894 PCT/US01/ 43412 18. The method of claim 17

further cdripri dihegy rsupldyiofg clpawerl @ Eurdtdepr cosgsdrsialy aupplydngoper ati ng
| evel . 19. The nmethod of claim 17 further conprising: supplying an

i nterrupt govdrhe Processoicesaiit Y ansiceidaln@peaRtioly e van .i nterrupt
service routine after responsiveness of the processor to interrupts has
been restored. 20. The nethod of claim 17, wherein the processor includes
an execution pipeline, the nethod further conprising canceling al

Operation%d.n Hﬂﬁa%ﬁﬁﬁﬁkﬁ%& cﬁggﬁlhwefurther comprising:
supplying an interrupt to the processor; and
transferring control to an interrupt service routine
after responsiveness of the processor to interrupts has

been restored.

20. The method of claim 17, wherein the processor
includes an execution pipeline, the method further
comprising canceling all operations in the execution

pipeline.

21. The method of claim 20, further comprising fetching

an instruction after the cancellation.

22. The method of claim 21, wherein the fetched
instruction restores the responsiveness of the processor

to interrupts.
23. The method of claim 17, wherein the processor

supplies an idle output signal, the method further

comprising clearing the idle output signal.
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21. The nethod of claim 20, further conprising fetching an instruction
after the cancellation. 22. The nethod of claim 21, wherein the fetched

i nstruct ivom02/e8pHres t he responsi veness of the processor PCDUSOI43s2Upt S.
23. The nethod of claim 17, wherein the processor supplies an idle output
signal, the nethod further conprising clearing the idle output signal. 17
WO 02/ 46894 PCT/ USO01/ 43412 24. A nmethod, conprising: operating a processor
inafirst node; disabling interrupts to the processor; and placing the
processor in a second node, wherein the processor consunes | ess power in
the second nodeplhand ncbhgcfikist mde. 25. The nmethod of claim24 further
conprising disabling clock signal inputs to the processor. 26. The nethod

of claim24 fur %§%tgggyézﬁkﬁgeggg§f%gga the poyper.supply to the processor.

27. The net hod cl erein e processor T hcludes an execution

pipel ine, and wher. g0 e, BXSCULEQN LoPLRE LIS RSLLQ] M0 operations uhen

placing the processor in a second mode,
wherein the processor consumes less power in the

second mede than in the first mode.

25. The method of claim 24 further comprising disabling

clock signal inputs to the processor.

26. The method of claim 24 further comprising reducing

the power supply to the processor.

27. The method of claim 24 wherein the processor
includes an execution pipeline, and wherein the execution
pipeline performs no operations when the processor is in

the second mode.

28. The method of claim 24 further comprising issuing an

output signal when the processor is in the second mode.

29. The method of claim 24 further comprising:
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t he second node. 28. The nethod of claim 24 further conprising issuing an
out put signal when the processor is in the second node. 29. The nethod of
cl ai m 24 Wan2/sp4 conpri sing: 18 WO 02/ 46894 PCT/ USOL/ 434 1PCTAUSGIH3ME an
i nput signal to the processor when the processor is in the second node;
returning the processor to the first node; and enabling interrupts to the
processor. 30. The nethod of claim 29, wherein the processor includes an
execut i on pi pelissaiingetnr Anpg tt beé gpedcessahe paothesbicr shempdaef urt her
conprising canceling all operations in the execution pipeline. 19
processor is in the second mode;

returning the processor to the first mode; and

enabling interrupts to the processor.

30. The method of claim 29, wherein the processor
includes an execution pipeline, returning the processor
to the first mode further comprising canceling all

operations in the execution pipeline.
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