;e3eM)  $" r6T9H=~ WO 02/.18872 EXTENDED PROCESSOR RESET BACKGROUND ,
PCT/ USOL/ . 47623 This invention relates to progranmmabl e processors. 5 A s

progrann%@z,gggcessor such as a mcroprocessor fox a copPuieN/19623a
digital signal processing system typically includes nenory that hol ds

instructions to be executed by the processor. In addition, the processor
typically supports a reset operation, in which the processor is 10

initialized into a known st BakeENBEDEPROCESSORERESEDr exanpl e, when the
processor m In a reset operation, the nenory used to hold
mstrucUNWmmmmm aIIy reset to a known state, resulting in the |oss of
instructions gipeed in the menory. 15 DESCRIPTICN CE DRAWNGS Figure 1 is a
bl ock dlagran1lllustrat|ng an exanB% aﬁglpellned programabl e

| “trmng

processor. 20 Figure 2 is a signa ragram Figure 3 is a diagram of
reset logic. Figure 4 is a schepatic |Ilustrat|ng fn exanpl e execution

pi pel i ne. 6?/lﬁgg?ﬁlP@TF%@BEEﬂ?EQ3p??%ﬁ?%m § B*PFoieRart
illustrating a process for extending a reset. DETAILED DESCRI PTION s Figure
1is & bl ock dRhaBragreNmableaPrAgeESPE ogf BFIMBS ed pRbEESEEPCEOSAAVERE an
execution pipeline 14, a control unit 12 and instruction nmenory 16.
InstructiancumpntyrlGrhald$gﬁnaﬂra¢ghahspr00538énecayeuemy bypétanéyls.
I nstruction nmenory 16, shown in Figure 1 as included within 10 processor
10, may aliselhbaeexhemnbzl thapr heessoiniOruConbnsl tanbe &Reeabedoby the fl ow
of instructions and data through pipeline 14. During the processing of an

the processor. In addition, the processor typically

supports a reset operation, in which the processor is

10 initialized into a known state. A reset is used, for

example, when the processor is powered up. In a reset

operation, the memory used to hold instructions is

typically reset to a known state, resulting in the loss of

instructions stored in the memory.

15

DESCRIPTION OF DRAWINGS
Figure 1 is a block diagram illustrating an example of
a pipelined programmable processor.
20 Figure 2 is a signal timing diagram.
Figure 3 is a diagram of reset logic.
Figure 4 is a schematic illustrating an example

execution pipeline.
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instruction, for exanple, control unit 12 may direct the various conponents
of pipeline 14 to decode the instruction 15 and correctly performthe
correspo%%sﬁﬂerati on. Control unit 12 may al so nmanage pdgtgodQtd2@n nmenory
16 and typically may perform other functions as well. Instruction nenory 16
typically includes volatile nenory such as static random access nenory
(SRAM . Menory 20 20, which is shown in Figure 1 as external to processor
10, may includp;§Ep=vel aki hermBpBhYre! eMeAtSratchgas plLashsgemsery,
read-only nmenory, or a floppy disk. Menory 20 may al so be included within
processor 10, gigslgngegé has 2 WO 02/8872 PCT/USO1/-47123 direct access
26 to instruction nenory 56, allowing instructions to be sent directly to
pipeline 14 frominstruction nenory 16 without intervention by control unit
12. When pipeline 14 fetches an instruction, pipeline 14 5 tries to find
the instruction in instruction_nenpry 16. The techni ques descri bed bel ow
allow for instruction menmory QETPBLEé PBSEREETFPN i nstructions before
instruction fetching begins. Fromtine to tinme, processor 10 undergoes a
reset.s A 10 reBéguset$ pbpel bhecksdiagnapr éstvusbedtsngta. Wiile processor
10 undergoes a reset, instruction nenory 16 |ikew se undergoes a reset. The
reset nmaypregubimihlethprbosssot ilfishauthgoas skecetion phpelicei A, menory
16. Instructions may be restored to instruction nmenory 16 by i5 | oading the
instructi gngchtesLmaAREy 120ah8t @nkRgLEUEbhOReMBADr Y616. IhBERALLYON
instructions may be | oaded into instruction nmenory 16 fromnenory 20 by way

of a di " CRbnBRYOLY #6§68S 1 DM 280onBl P8I bBecL4cdPEE BYt pig%ﬁ!bnaem.

I
i nstructions m i nstruction nmenory 16 during the reset, ut may be

] i _ _ _ estt,’ 20 but |
Fetching TRECPHEETORS PBOE dwiRg PE T obc “Ray Beni ket frerenr RBshe, *=

because the instructions are_not Ioca%ed i %he nemﬁg-resib 3
10 processor 10, may also be externa O processor .

‘Control unit 12 controls the flow of instructions and data
through pipeline 14. During the processing of an
instruction, for example, control unit 12 may direct the
various components of pipeline 14 to decode the instruction
15 and corrxectly perform the corresponding operation. Control
unit 12 may also manage instruction memory 16 and typically
may perform other functions as well.
Instruction memory 16 typically includes volatile
memory such as static random access memory (SRAM). Memory
20 20, which is shown in Figure 1 as external to processor 10,
may include non-volatile memory elements such as flash
memory, read-only memory, or a flopp§ disk. Memory 20 may

also be included within processor 10. Pipeline 14 has



WO 02/.18872 PCT/US01/-17&3 direct access 26 to instruction nenory 16,
allowing instructions to be sent directly to pipeline 14 frominstruction
menory 1QaFRaeyt intervention by control unit 12. When pp@elsnarésd fetches
an instruction, pipeline 14 s tries to find the instruction in instruction
menory 16. The techni ques descri bed below allow for instruction nenory 16
to be loaded with instructions before instruction fetching begins. From

tine to tpieeckr aeessar 250tundasgeastachemehord 16, asebwiays pipeline 14
to a prescribed state. Wil e processor 10 -undergoes a reset, instruction

renory 161hg%§\aﬁc%§gﬂgd%ggess@nrteaﬁfrecmg £S5l pERYnkeSY| leofy the | 0ss of

instructions stored In instruction nenor structions may be restored

to instruction rory 16 by Ls |loading the instructions frompenmory 20 into
st uct | SReRERBE) SRRt By ML LR RS HEh PYaaehtTRio SRt ruct fon
menory 16 _from nmenory 20 by way _of di rect nmenory access (DVA) 28.

Pi pel i ne 14-do88eRoP1PELdR ndd ﬁﬁ§€%§étPBn%nFFSHF¥ﬁ§PruEﬁP%ﬁlH%nﬁﬁy 16
during the reset, 20 but may be ready to fetch instructions from

i nstrutt i saissmbey £16df dhieowingd rusd ioasdn. iRstERcHdoPn8ereali d®s ol | owi ng
the reset may be inefficient, however, because the instructions are not

| ocat ed | Pheheentniyueaseesgrib@O 0218872 1PCW USA LinbtERtinst megioirgn
menory 16, and the instructions nmust be obtained fromnmenory 20. The

t echni ques sdesC biebed aliRliow1itHpiawe refdtienen e fhy eS U sseRdictd onnst r uct i on
fetching until
fetching begins.
From time to time, processor 10 undergoes a reset. A
10 reset sets pipeline 14 to a prescribed state. While
processor 10 undergoes a reset, instruction memory 16
likewise undergoes a reset. The reset may result in the
loss of instructions stored in instruction memory 16.
Instructions may be restored to instruction memory 16 by
15 loading the instructions from memory 20 into instruction
memory 16. Normally instructions may be loaded into
instruction memory 16 from memory 20 by way of a direct
memory access (DMA) 28. Pipeline 14 does not fetch new
instructions from instruction memory 16 during the reset,
20 but may be ready to fetch instructions from instruction
memory 16 following the reset. Fetching instructions

following the reset may be inefficient, however, because

the instructions are not located in the newly-reset



instruction menory 16 is loaded. s In Figure |, control unit 12 includes
reset logic 18. Reset logic 18 may al so be separate fromcontrol unit 12.

VWhen progreeRissAh0 enters a reset, a flag bit indicative dicCrRUSIea®d23i n
progress is set and stored in a nenory elenment, such as a register. This
flag bit, which will be discussed 10 in nore detail below as "Reset Signal"
50, is cleared when the reset of processor 10 is termnated. As shown in

Figure 1, .Reset-Signal 50 is r t .si.gnal : d ernal to processor
10, and n®§° 5H§§%g8npepgfyé%§ﬁp§§? gﬁeeggﬁFgggﬁégé?Igﬁé%rggnother
processor cooperating with 15 processor 10, Reset-Signal 5 result

from foroéiéﬁﬁﬁg,fﬁoﬁeﬁéFﬁFyi%Qet %zes§§PQH%q888p§FgFFﬁBe%iggxﬁwocessor

10. Although not shown in Figure 1, Reset-Signal 50 nay be distinguished
fromthe LBBEPVS GRAL CIEPHSIY] gw Y SPEHCA S0 NEIr URRilER ABY ChAPE] HPE14 reset
service routine. 20 Reset Signal 50 is received by reset |ogic 18. Reset

| ogi ¢ 18 ahstrunetéiovemeamosiygddl i30 lolhdedi.ndi cates that instructions are to
be |l oaded into instruction nenory 16. Signal 30 will be discussed bel ow as

"IMInit" signah 3Qgude IVOBNrb38TRAIRCIL Un8Ahdesl7eddtThegdut pat. of
reset logic 18 is an extended reset signal discussed bel ow as

" Ext _ReseRe8k@NabyidA 1 eviGh 20 1l st el @3UaS tontk@olnNshAyctizQn menory
16 by pipeline 14" Wien Ext_Reset _Signal 24 is set, fetch requests are s

suspended,, and Pg@gggh@g&_%seetm%&n | 24diS ¢l 8angdyfetigh;agyes! o

¢! .
comence. Elgu ows a timng diagram’ whén processor 10 is placed in

ordinary reset,_ode, as designated by, [e1SLeNee 1| 18 3, P eLninal 50 i3

such as a register. This flag bit, which will be discussed
10 in more detail below as “Reset Signal” 50, is cleared when
the reset of processor 10 is terminated. As shown in
Figure 1, Reset Signal 50 is a reset signal generated
external to processor 10, and may come from, for example,
an event controller or another processor cooperating with
15 processor 10. Reset_Signal 50 may result from, for
example, a general reset of systems cooperating with
processor 10. Although not shown in‘Figure 1, Reset_ Signal
50 may be distinguished from the reset signal supplied to
érocessor 10, which may initiate a reset service routine.
20 Reset Signal 50 is received by reset logic 18. Reset logic
18 also receives a signal 30 that indicates that
iﬁstructions are to be loaded into ihstruction memory 16.

Signal 30 will be discussed below as “IM Init” signal 30.



i

10 processor 10 is in an ordinary reset node. \Wen processor 10 conpl etes
resetting operations, Reset Signal 50 is cleared, as designated by
referencgdifgspd |f instruction memory 16 is to be | oadgeyudoishaast 30 is
set. Once resetting operations are conpleted (54), instruction is nmenory 16
is loaded (55). IMInit 30 remains set until |oading of instruction nmenory
16 has been conpleted, then IMInit 30 is cleared, as designated by

ref erencerhd ngu 68t B i pasit Viopleel s nes 1dn i Sx¥Sagydt fedet chigmst ructions

i mredi ately after resetting operations are conpleted (54). 20 Wen pipeline
14 is rea } St L ychionsy . L nst L PR mor.y j |y not
ready, an %%ﬁ?gﬁ%fg%%gﬁeégy %%?f?e%%gtéﬁgﬁégnsﬂgfewg%agegé?ggﬁ?%ennry 20.
When instructjon neno 6 conprises SRAM for. exanple n S WO 02/ .18872
PCT/ USOL E95eb 3 ARTF bt FOns GPRFRGTTPY BERRGY. G PRLEMRALLYS pthel i ne 14
until the instruction is |oaded into instruction nmenory 16. By controlling
fetch reqiiesesExb _RASEELELPBALNBAOEY BT wi ERLERt ERARESEESRFSSi gnal

Ext Reset Signal 24, fetch requests s are suspended while processor 10 is
reset ti ngsasdenietle andt vheni BrtnResey F6ansl bdf ngs| eheesedExfeReBet _Si gnal
24 is set when Reset Signal 50 is set (52), and Ext_Reset_Signal 24 is

cl eared wheguébtsncbmdlOnce.cl eared (56). Wien Ext_Reset_Signal 24 is
cleared (56), fetch 10 requests to instruction nenory 16 comence. Figure 3
illustrates anpeghedi peBhoRE Eesehih@UicadBamThewhegi prebevBoin1fi gere 3 is
exenplary and is not intended to limt the scope of the invention. The

output ofpigaglh 1RIbEaIAn-PXEoBBRChoa NG, ddsEORLERLSHYNREELERCLS
requests B pirpell ne ? By suspendi ng Tetch requests as” | ong as
EXt—Resett§Lgng£,2ﬁeg%ti§§8£53d5Ong gggg£§e&0and indicates that
10 processor 10 is in aﬁ ordinary feset mode. When processor
10 completes resetting operations, Reset Signal 50 is
cleared, as designated by reference line 54. If
instruction memory 16 is to be loaded, IM Init 30 is set.
Once resetting operations are completed (54), instruction
15 memory 16 is loaded (55). 1IM Init 30 remains set until
loading of instruction memory 16 has been completed, then
IM Init 30 is cleared, as designated by reference line 56.
Ordinarily, pipeline 14 is ready to fetch instructions
immediately after resetting operations are completed (54).
20 When pipeline 14 is ready to fetch instructions,
instruction memory 16 is usually notjready, and will not be

ready until instructions are loaded from memory 20. When

instruction memory 16 comprises SRAM, for example, an



reset logic 18 are Reset-Signal 50 and IMInit 30. Wen processor 10 begins
reset operations, Reset-Signal 50 is asserted. Reset _Signal 50 is stored in
20 a nenmyoxiseent, such as register 60. As |ong as proaEsBUSOIMP628S N
ordinary reset node, Reset Signal 50 is asserted. When processor 10

conpl etes reset operations and ordinary reset node ends, Reset_Signal 50 is
cleared. OR 6 WO 02/8872 PCTIUSO /-17&3 gate 62 assures that

EXt—Reseti§ggggktﬁén“%&higgf§§§eEBQ ptaBg EEE%FEBeb§4p%EEhiHQt1het0h

i nstructions, east untl set Signal 50 clears: gate 62 further

assures that. instruction 5.menpor 6.l oadin r.s_followng.the

ordi nary Pagéwggﬁ LRSEEECEL Rl 52 O\'?‘\A&fs%1 rl(ral%l?i ﬁng'ggé(régégnuﬁ‘tepﬁ%hg6I'oadi ng
is conpl eted. Wien _instruction mam)rﬂy' 16 | gadi n%Fi S not desi rﬁ% I, . e when
IMInit 3BYi §ORSECA3480: &L B CREEST SSEGnAPSSEVLSPEWECRELY: 18 §rid™ 50 and
20 consequently pipeline 14 does not enter an extended reset state. Wen,
however, EKtended3@eisstasdeneddBifiiResrEsSEISRdnadlt 56 etshaseareédsand
before Reset-Signal 50 clears, Ext Reset-Signal 24 does not follow

Reset Si gagk SQspandied Whidet prloeassomt ill0 LN kriset3dngl eads whidewhen
IMInit 30 is asserted while Reset-Signal 50 is asserted, IMInit 30 has no

i mredi at e ; ghfeakruReN MeXlorfeast 18 Beahg24.0akald.i ngxedge sdet adigaml644senses
Reset Signal 50, and generates a voltage |ow output 74 until Reset_Signal

50 is cleared.+\WeR Res8letSidRMa156 01 8 2@l ga3ned, shal | i ng edge detector 64
pr oduces gsvglettage rrllleh Si ghalré%ﬂ for one cl ockgcycl e. The vol tage high

stgnal 74200 La338" IRAAM I b 51973l 30 i3 T Thi? W) 1302 110Rq
(56) . When Ext Reset Signal 24 is cleared (56), fetch
10 requests to instruction memory 16 commence.
Figure 3 illustrates an embodiment of reset logic 18.
The logic shown in Figure 3 is exemplary and is not
intended to limit the séope of the invention. The output
of reset logic 18, Ext Reset Signal 24 controls the fetch
15 requests of pipeline 14 by suspending fetch requests as
long as Ext Reset_Signal 24 is asserted. The inputs to
reset logic 18 are Reset_Signal 50 and IM Init 30.
When processor 10 begins reset'operations,
Reset Signal 50 is asserted. Reset_Signal 50 is stored in
20 a memory element, such as register 60. As long as
processor 10 is in ordinary reset mode, Reset Signal 50 is

asserted. When processor 10 completes reset operations and

ordinary reset mode ends, Reset_Signal 50 is cleared. OR



signal 70 from AND gate 76, which in turn results in output 7 W)
02/.18872 PCT/U S01 /-L 7623 82 of OR gate 80 going high. The voltage high

out put 8gyPéfeRy0ate 80 is applied to OR gate 62, keepi ngpdmtsorases_Si gnal
24 hi gh even though Reset_Signal 50 has been cleared. In addition, the
vol tage high output 82 of s OR gate 80 is captured by register 84, is
del ayed one clock cycle by register 84 and is fed back to AND gate 78.

Qut put 72 of A ate 78 . i hiigh as Jd.ong.as | M.Lnit 30 i s_asserted.
Ve | M | APES36% A e d P2 or AR Aatd. 76 InRoadesaE Bh o OR
gate 80 go | ow., Consequently, 1o both inputs to OR gate 62 are |ow, which
results i ﬁnéxp_lﬂ?éééflfsﬁéné’lﬁﬂ & ﬁ@tézlhe&ﬁ’é&.rulﬁitd&"g'4a§h&)ﬁ§sgn UBkdrpl ary
pi peline 24. Pipeline 14 has five stages: instruction fetch (IF),

i nstruct i BesedcSden@EDESL, cdd@rEss cal cul ati on (AC), execute (EX) and wite
is back (WB). Instructions are fetched frominstruction menory 16 during
the first stag®R lg@teby62f ehntther tas@@®rasd ted ddecoddds32udurdiong t he second
stage (DEC). At the next clock cycle, the results are passed to the third
st age §AChemthss € adalca dAddy essugen@callens idb thal addhergnyesetgry 20
addresses to performthe operation. During the execution stage (EX),

executi on gyl t A8 {Peyif QI A6 90 Gid86th QRYAHLN HGN athe NYadiRY! €,
addi ng or Elr%uht%epl y'r‘nglgﬁ{m 8 Vl\D 02/ -4?8872 PCT/ US111/ a7@X23 enurrt?ers. Duri ng

haca roat a3 i | P U MR A Wiehdd S PSR AP TY h RO OF 1O

desired, i.e., when IM Init 30 is not asserted,
Ext Reset Signal 24 follows Reset_Signal 50 and

10 consequently pipeline 14 does not enter an extended reset
state. When, howeve?, IM Init 30 is asserted while
Reset Signal 50 is asserted and before Reset_Signal 50
clears, Ext_ Reset_Signal 24 does not follow Reset Signal
50, and will not clear until IM Init 30 clears.

15 When IM Init 30 is asserted while Reset_Signal 50 is
asserted, IM Init 30 has no immediate effect upon
Ext Reset_Signal 24. Falling edge detector 64 senses
Reset Signal 50, and generates a voltage low output 74
until Reset Signal 50 is cleared. When Reset_Signal 50 is

20 cleared, falling edge detector 64 produces a voltage high
signal 74 for one clock cycle. The voltage high signal 74

and asserted IM Init signal 30 result in a voltage high

signal 70 from AND gate 76, which in turn results in output



Reset logic 18 supplies Ext_Reset_Signal 24 to fetch unit 90.

Ext Reset _Signal 24 reqgulates the fetching of s instructions from

instruct iwdomeRy 16. Typical fetch units may include onecwusomaresel ement s
that may be regul ated by Ext-Reset-Signal 24. Ext_Reset_Signal 24 may, for
exanpl e, enable or disable the request logic that allows instructions to be
fetched frominstruction nenory io 16, or may enabl e or disable an
instructi ®n 6egdORtgateFBQuoeibgi bighf| oWohavoltdyeshiaghi ogtpmt eBBodEment of
t he techni ques descri bed above. Wen processor 10 is placed in reset node
(90), progrsggtelfoassenpplReaetoSognght806£92kecepssgrti ng Reset-Signal 50
results in is the asserting of Ext Reset _Signal 24 as well (92). Once reset

oper at i Ongxf EEQQHDEFE;E% RasglyBi gbeh BAohgncheseeds{9Ad1 ¥heRas

Reset Slgna Is—cléared, resét logic 18 Senses whether IMInit 30 is

asserted . en .M ot S | .50 is

cl eared ( §£h3ﬁ8d|ns ruc§95%§ gfc ﬁ%ggé%€ %E§%g§1§g§p§bh@§ Init 30
is asserted however, |nstruct|og fetch ?g E dlsableg & é Pro or 10
opti onal | YRnEFtai E9biE FHPEPFﬁﬂt Y(¥BE}SEGTpPavent ARTFNRTEr PIBLC 8ﬁ | er
frominitiating fetchlng WO 02/-18872 PCT/ U SO1 /- 17G2§ bef ore | oadi ng
of instruevFda hEndpgisEer184) aps é8npPet BACkWhBNANBalRhE &F-instruction
menory 16 (102) is conpleted, TMInit 30 is cleared (104). Interrupts, if
di sabl ed (h6ppt AReofeA¥PRabbéd (B0Gpmakrs Réghbt 28 §aab 86 LY _3Engre Ped
(108), which enables instruction fetch requests, and instruction fetching
comencesifglifkertbd.fi waknf eMchiadti 88t tectilearady berpfior 72xafipAED t he
first instruction of a reset service routine. A nunber of enbodi ments of

the invenyiben havgnbeenthatdescoirber. ghee 8vagpl eowd NMebhedq@énkegetting a
processor
10 both inputs to OR gate 62 are low, which results in
Ext Reset_Signal 24 being cleared.
Figure 4 shows an exemplary pipeline 14. Pipeline 14
has five stages: instruction fetch (IF), instruction decode
(DEC), address calculation (AC), execute (EX) and write
15 back (WB). Instructions‘ are fetched from instruction
memory 16 during the first stage (IF) by fetch unit 90 and
are decoded 92 during the second stage (DEC). At the next
clock cycle, the results are passed to the third stage
(AC), where data address generators 96 calculate any memory
20 addresses to perform the operation. 'During the execution

stage (EX), execution unit 98 performs the specified

operation such as, for example, adding or multiplying two



has been described, in which fetch requests are di sabl ed when the processor
undergoes a reset, and renmain di sabled when the instruction nenory is being
| oaded. ofiggsessor may be inplenented in a variety of pymusimizézscl udi ng
i s general purpose conputing systens, digital processing systens, |aptop
conputers, personal digital assistants (PDA s) and cellular phones. In this
context, the resetting techniques di scussed above may be readily used to

i nprove processar perfaqormance. .. u Sy, m e C or. .may be
coupl ed t &" ﬁgﬁﬁry% SV eﬁ%%ugﬁﬂgg %QE%ESA%%EﬁDF§Qd§%%8§E%rﬁ§§s M devi ce,
that stores an operating systemand other software applications. These 10
VO 02/-48@?2t¢€?/93@fLF%C?§“§HH h&F &ﬁb@&%ﬁeﬁ?@léﬁgrﬁiﬁﬁpn the scope of
the following clainms. 11 WO 02/-(@8872 CLAIM5 PCT/USI11/~7623 1 1. A

net hod for res&etsietg l@gicodss Soprddmsr iEstngesetefignadg 24 tosdetfdde; s

| oadi ng an instruction nenory associated with the n processor; and s
suspendi ngniistoouct Exrt fRetsetteSigmeaill 2hecigndatest ithve fefpeidnyg iof | oaded. 1
2. The nethod of claim1 further conprising: z receiving an instruction
menory 5| 0agisrgugitgrals, fArth 3rseadiord dohenemastyr UG o ypererly fsttidne t he
instruction nmenory |loading signal is asserted. 1 3. The nethod of claim1

further CoNMSIRY 1% ASKRS Y AN mderdashartsettsitghaly vand s suspendi ng
instruction fetchés when the extended reset 4 signal is asserted. 1 4. The

ret00 o D W Sl SO SHiel? JECOIBAESS R0 )

for example, enable or disable the request logic that
allows instructions to be fetched from instruction memory

10 16, or may enable or disable an instruction register.

Figure 5 is a flowchart illustrating an embodiment of

the techniques described above. When processor 10 is
placed in reset mode (90), processor 10 asserts
Reset Signal 50 (92). Asserting Reset Signal 50 results in

15 the asserting of Ext Reset Signal 24 as well (92). Once
reset operations'are completed, Reset Signal 50 is cleared
(94) . When Reset Signal 50 is cleared, reset logic 18
senses whether IM Init 30 is asserted (96). When IM Init
30 is not aéserted, Ext Reset Signal 50 is cleared (108)

20 and instruction fetching commences (ilO). When IM Init 30
is asserted, however, instruction fetching is disabled

(98). Processor 10 optionally may disable interrupts (100)

to prevent an interrupt handler from initiating fetching



WO 02/.18872 PCT/US01/~7623 9 wherein the extended reset signal is asserted
when the s reset signal is received and when the instruction nenory s

| oadi ng W@mpssi>s received. i 5. The nethod of clai m4 whereiusnituh@sext ended
reset z signal is cleared when the reset signal is cleared and when s the
instruction nmenory |loading signal is cleared. i 6. The nethod of claim1l
wher ei n suspendi ng instruction z fetches conprises disabling instruction
request |lwgfsreildadThe o€t hadtoficel ah nmdmaber €6 n{ 303pendi agmpiaseéduction z
fetches conprises disabling an instruction register. i 8. A method

conpri si Nghed EHMELLGYoR LRSELLERISH RehSFQI VENQLG2 P g9akohPHEEa4) N an
instruction nmenory iS5 s being |l oaded with 1 nstructions; and s disabling

fetching of tASLry6tions:bLoONt Nepd) | NSEAUCLEOBCUPDEY g 2t edhe Method of

claim 8, wherern e sig St z signal, fthe net urt her
conprising; 13 WO 02/8872.PCT/ [ ~7 recejving,a.second signa
indicatingIQ%é'i%E?rE%fFBﬁgﬁeﬁgﬁkﬁ§?rs §%§+§%6%§—%%?ﬂ§l|8§déa; and s
enabling fetching of instructions fromthe instruction s nmenory. 10. The
nmet hod ofc%$%¥%¢8(¥9??heWhéﬁﬁp?Pépﬁ@SIb%ﬁFﬁ@cElPﬂsf?EEFiBﬁqﬁﬁﬁ%ﬁy with
instructions. 1 11. The method of claim8 wherein disabling fetching of z
instructiand tosprisesodi §abthaggi asmmeecesn (téQuest Thegférst 12. The

met hod of claim8 wherein disabling fetching of z instructions conprises

di sabl i ngfapchsat ietirantiegi sterbei #38r Axamphed thapfisbshg: z receiving a
reset signal; s receiving an instruction nenory |oading signal; and a

generati ngnaprgxt epdedsr gsebsstgpakvasearb@sitht.of the s reset signal and
the instruction nmenory |oading signal. i 14. The method of claim 13 wherein

the extended rgs i gral.. i e : onal s Tecel ved.
he ext enoed LEofhuhe? 4Raknb3aaneRtLedr WAL 1heehRI8h ALYBAbLA

10 described. For example, a method of resetting a processor
has been described, in which fetch requests are disabled
when the processor undergoes a reset, and remain disabled
when the instruction memory is being loaded. The processor
may be implemented in a variety of systems including

15 general purpose computing systems, digital processing
systems, laptop computers, personal digital assistants
(PDA’s) and cellular phones. In this context, the
resetting techniques discussed above may be readily used to
improve processor performance. In such a system, the

20 processor may be coupled to a memory device, such as a
FLASH memory device or a SRAM device, that stores an

operating system and other software applications. These

10



i 15. The nethod of claim 13 wherein the extended reset z signal is cleared
when the instruction menory loading s signal is cleared. i 16. The nethod
of cl ai mylgPofigkiner conprising suspending z instruction frdwbsy/wéen the
extended reset signal is s asserted. i 17. The nethod of claim 16 wherein
suspendi ng instruction z fetches conprises disabling instruction request

|l ogic. 1 18. The nmet hod of claim 16 wherein suspending instruction z
fetches co s _di sablin n instruction eglster met hod of

cl ai m 13 ROR: RERCEORBPPA e R dadt g i e S EREL FGEEFoR EEHBr JORREH - Phe

i nstruction nenDry | oading s signal is received. i 20. An apparatus
conprisinglazmg.first input adapted to receive a reset signal; 3 a second

i nput adapted to receive an instruction 4 nenory | oading S|gnal; S an
output; and 15 WD 02/8872 PCT/USULl/.~7C23 6 a circuit coupled to the
first input, second input and 7 output, adapted to provide an extended
reset signal to the 8 output based on the reset signal and the instruction
menory 9 |oading signal. 1 21. The apparatus of claim 20 wherein the
circuit asserts 2 the extended reset signal when the reset signal is 3
received. i 22. The apparatus of claim 20 wherein the circuit clears z the
ext ended reset signal when the instruction nenory 3 |oading signal is
cleared. 1 23. A systemconprising: 2 a static random access nenory devi ce;
and 3 a digital processor coupled to the static random 4 access nenory
device, the digital processor configured to 5 fetch instructions from an
instruction nmenory, 6 wherein the digital processor includes reset |ogic
adapted to disable fetching by the digital processor when 7 the instruction
menory undergoes instruction |oading. 16 WO 02/-@8872 PCT/US01/-7C23 1
24. The systemof claim 23, further conpr 2 volatile nmenory coupled to the
instruction 3 to load the instruction nenory; 4 wherein the reset logic is
adapted to 5 by the digital processor when instructions 6 the non-volatile
menory to the instruction ising nonmenory adapted di sable fetching are

| oaded fromnenory. i 25. The system of claim24 wherein the reset logic is
z adapted to enable fetching by the digital processor after s instructions
are loaded to the instruction nenory. s 26. The system of claim 23 wherein
the reset logic is 2 arranged to generate a signal, and wherein disabl ement
of s fetching is a result of the signal
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i 27. The systemof claim 23 wherein the instruction nenory a conpri ses

static random access nenory. i 28. The systemof claim23 wherein the

digital R@eLEE® z conprises a pipeline processor. i 29.pdhesaysésm of

claim 23 wherein the digital processor 2 conprises a control unit. 17
A2.A) . A A LA As;  ALA LA A S A(S. A

9 AL. Af sr. Asr. As. ANs A, 6) 4D&1?+- UV} xsni d_ZU] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca]

ca] cal ca]i&g?%%a] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] c<al] ca] cRa

'CD NP

6r OQ wr mhc”Y] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca

. ]ca]ca]cal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca!, 1>N+eS0OI I K", {vqgl gb] X] c] ca] ca] ca] c

a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caUl] caU
] ca] ca} caflca] c&! ! FoROjreRS Vgl gaPWPresEe&UreaPEAaFdaPca] ca] cal cal cal ¢

~ a]ca] cal ca] cal ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] cal] ca! %&+, Q

] kpgqHJ% ~} xsni énZlelrdnealac ajes&ltc ajoci®);ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal! E) dql J KPQKk

a] ca] caU] caU] calcalca]calcalcalcalcalcajcajcal2!3141@uUuvifr\rjrirrroef"k
" YRS 3/ gb} xsni d_Z] ] 1] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ga caj ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! "$wH| $SE$$YRI6 %

X/ &RA&KT &8 %Ic%
<(a]( ((:g] Ci"i][ ;:331] ca] %é’] gé] j/t\ﬁl]it‘ica] ca%cg ]u%l%g]lcg]]n%g] gla cal ?Lo]q?g]cg?? ](?
0 * k% % * * ***
5’9{’% Y B c]eﬂaégﬁ %a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] /ca] ca] ca] ca

] ca] ca] cal ca]cal ca]ca]ca]ca]calcalca]ca!,,-A-x----% .d.g.q.
[#/110/5/6/z[1/]//070q00] wnmhc”Y]]]]ca]l ca] cal ca] ca] ca] cal ca] ca] ca] caj] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! 001E1J1L11111
11122=2>2 22" 2e2Ha 222228 B3 3336 sni fsjuhgw aveadjsdaljoca) ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! 3

4UA{ 4| 4444+5 S55hhGGa6iGhy ity AhsH 8 Bf ikin8 sBa8888 wadicryX]slidmed];c &jneh] ca] ca] ca
U] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]c
aj ca] cg! 88888994 b  Ghe instruction memory while the instruction

o 1 <===>1 ?2520??7?N@@xABBBB{ vql gb] W U] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca

]&EE]EEE}Ua%ﬁ%ﬁ%]F%M%% aa;sceat]tcea] ca] ca] ca] ca] caU] ca] ca! BBB4CCC( DD

| }xsnid_Z] U] ca]ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal

W] IzIIIIIIIIIJJIJJJVJJaKKJLKL LL snid aca cajcajcalc]calc
a] c!a] ?:/a] cal ca] T NLHIA] V) AU e g%&%f]% c‘?ﬂ“k%‘ﬂ] ] La] LaU} ca]U] c!a] La] I:a
4Dwi H

;)#10%& (zgl 3" 10928 (9 Lo (9x teridedog 992 ts 109ER {7) - UDYO' () -~ w&l} 2?3
10908 ()-'3 10%08% ()-3 10%08 ()-P310%0& ()- @13109B8& ()-@A y

#10%008 () - S_=!susp¥RRE {nstRtucticrodsts(gs legan W/@@r@eop reset
+H10%0&' () -f) 10908 () - YO OU& () -s~ @Y 109 ()-"109%& ()-10%&' ()- 10 10
10f * 91QU& d)qr V61D EF&EBQ - 2+dC~_@ "10% & () - FM 10%& () -

109&' () - 8310%& ()-7 @O% ()- 109%& ()-C 4}[9~_@)2&10%& ()-!- @10%& ()-
+109& () -! !'f#109& ()- " !'# f#109%&' () -

10%&' ()-46789DTbC! FALO% & ()-FY10% & ()- "10% & ()-10% & ()- 10 10

10 10% {) - TG EON & (1R A& GF SR LY 10%E ()-F

10% & () - F 10%

2 receiving a reset signal; and

3 receiving an instruction memory loading signal;
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2 fetches comprises disabling instruction request logic.

1 7. The method of claim 1 wherein suspending instruction

2 fetches comprises disabling an instruction register.

1 8. A method comprising:
2 entering a reset mode;
3 receiving a signal indicating an instruction memory is

a4 being loaded with instructions; and
5 disabling fetching of instructions from the

6 instruction memory.

1 9. The method of claim 8, wherein the signal is a first

2 signal, the method further comprising:
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6 memory.

1 10. The method of claim 8 further comprising loading

2 instruction memory with instructions.

1 11. The method of claim 8 wherein disabling fetching of

2 instructions comprises disabling instruction request logic.

1 12. The method of claim 8 wherein disabling fetching of

2 instructions comprises disabling an instruction register.

1 13. A method comprising:

2 receiving a reset signal;
3 receiving an instruction memory loading signal; and
4 generating an extended reset signal as a result of the

5 reset signal and the instruction memory loading signal.

1 14. The method of claim 13 wherein the extended reset

2 signal is asserted when the reset signal is received.
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U& ()-yl0% U& ()- Lf 10% U& ()- 3 10% U& ()- '10% U&' ()- ,\,,,-A-x-dEbC 10-
131 +MLO% U&' ()-3S) 10% U& ()- & 10% U&' ()- %40% U& ()-Y"10% U&' ()- & 10%
U& () - X- w(e48870. c. d. dYNC 10- 1 10 U 10 U 10 UF:t 10% U& KQFED1Q9623
U& ()-F110% U& ()-/3"10% U& ()-1-110% U& ()-d.q....# Z/ dEYNC 10- 1
310%&' ()- @O%& ()-310%& ()-3 109 ()-!s10%& ()-s10% ()-2///070q00dEYNC
10- 1 ,10% ()-F 109%&' ()-Y10%&' ()-FS!109%&' ()-F9 109%&' ()-y
10%& (1) - 0D E1 1M« EY®hdO-of claim 13 wherein the extended reset

2 signal is cleared when the instruction memory loading

3 signal is cleared.

1 16. The method of claim 13 further comprising suspending
2 instruction fetches when the extended reset signal is

3 asserted.

1 17. The method of claim 16 wherein suspending instruction

2 fetches comprises disabling instruction request logic.

1 18. The method of claim 16 wherein suspending instruction

2 fetches comprises disabling an instruction register.

1 19. The method of claim 13 further comprising loading the
> instruction memory when the instruction memory loading

3 signal is received.

1 20. An apparatus comprising:

2 a first input adapted to receive a reset signal;
3 a second input adapted to receive an instruction
4 memory loading signal;

5 an output; and
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1 21. The apparatus of claim 20 wherein the circuit asserts

2 the extended reset signal when the reset signal is

3 received.

1 22. The apparatus of claim 20 wherein the circuit clears
2 the extended reset signal when the instruction memory

3 loading signal is cleared.

1 23. A system comprising:

2 a static random access memory device; and

3 a digital processor coupled to the static random

4 access memory device, the digital processor configured to
5 fetch instructions from an instruction memory,

6 wherein the digital processor includes reset logic

7 adapted to disable fetching by the digital processor when

8 ‘the instruction memory undergoes instruction loading.
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3 instructions are loaded to the instruction memory.

1 26. The system of claim 23 wherein the reset logic is
2 arranged to generate a signal, and wherein disablement of

3 fetching is a result of the signal.

1 27. The system of claim 23 wherein the instruction memory

2 comprises static random access memory.

1  28. The system of claim 23 wherein the digital processor

2 comprises a pipeline processor.

1 29. The system of claim 23 wherein the digital processor

2 comprises a control unit.
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