29/ 11/2005 1 METHOD and APPARATUS for LQOADI NG BOOT CODE 5 Field 04 tpe ;

I nvention The present invention relates to a nethod and appar at ¥ bt /205
| oadi ng of boot code for a mcroprocessor and refers particularly, though
not exclusively, to a nethod and apparatus of |oading boot code stored in
NAND Fl ash nmenory. 10 Background to the: Invention Boot code is the first
pi ece of code | oaded and executed by a m croprocessor. The boot code
resides in a known | ocation of nenory and the m croprocessor executes the
boot code at the known | ocation- Boot ciode is normally stored in

non-vol atile nenory Sgﬁﬁ‘rﬁé%aﬁé’}:\PQERm"BLEo R DGRy NOR Flash as it-
can't be lost and needs to be present even atfter ~a power | oss.

M croprocessor systens al so need volatile nenory (such as, for exanple,
RAM to store variables and changeabl e data. As such, m croprocessor
systens haqu@ﬁtp‘Vﬁ%pt#Ie and 20 non-volatile nenory. A |ow cost form of
non-vol atil e aﬁ'e V‘is avai |l abl e - NAND Fl ash. Although it is of
very low5cost; and is therefore attractive to equi pment manufacturers, it
has not beermhegrasentdivertiop relstesl toassmethodharst apphratys fardhe lobding afdeot dotié for@ont ent s

cannot be a%&r@ﬁﬁ%@sgﬁq Qg% {eﬁe@gﬂ%('%giaﬂﬂ itﬁQu%'_r’ﬁdt |e¥cllgr{}§lymd%tmgﬁod{]agrﬁgr%a?tﬁ%@ ock.

This prevents it fr ) d as noh-vol atl menory oot code
that needs tfdi8 bpet seresiediRdNANDIdeshimesonty by the nicroprocessor. One
met hod. devel oped to overcone this is illustrated in Figure 1. An external

ASI C i s jHseq:. 1o 18l | -1 croprocessor in the Reset state while it
12 bRy

reads co ash. The ASIC copies the entire code into the
RAM before releasing the 30. Reset, thereby allow ng the mcroprocessor to
execut e t he Begcred¢ iscthe fitsk pire\bf dode flogdechandedxerded he apmicrpiogessorobhebeotof t he
Elr eSﬁnt [ nV@cEHe'r_@elfiBeB% PkrdWh R afbnB. RRGry R4 the PRt MBcesBR Ae e thel HoBTBMIEAND
ash non- V(a)é tﬁglknc?WnnEQQl%X.' Boot code is normally stored in' non-volatile memory such as, for
15  example, EPROM, ROM or NOR Flash as it can’t be lost and needs to be present even after

a power loss.

Microprocessor systems also need volatile memory (such as, for example, RAM) to store
variables and changeable data. As such, microprocessor systems have both volatile and

- 20 non-volatile memory.

‘A low-cost form of non-volatile Flash memory is available — NAND Fiash. Althdugh it is of

very low cost, and is therefore attractive to equipment manufacturers, it has not been
extenéiveiy used as it has a limited interface. I's contents cannot be addressed and read

25 individually but must be read as a block. ThispreVeh_tS it from being used as non-volatile
 memory holding boot code that needs to be read and. executed directly by the
microprocessor. One method. developed to overcome: this is illustrated in Figure 1. An
external ASIC ié uséd to maintain the microprocessor in the Reset state while it reads code

from the NAND Flash. The ASIC copies the entire code into the RAM. before releasing the

30  Reset, thereby allowing the microprocessor to execute the code from the RAM.

It is therefore the principal object of the present invention to provide a method for foading

boot code from NAND Flash non-volatile memory.

35



35 29/11/2005 2 Summary of the Invention Wth the above and ot her /ob' cts
in mnd the present invention provides apparatus for | oading bé& 361-328005
i ncluding a non-volatile menory for the storage of the boot code, a mcro 5
-control unit for the storage of a small boot code, a m croprocessor, and a
vol atile nenory; and wherein the m croprocessor copies the boot code from
the non-volatile nenory into the volatile nenory using the small boot
code. Preferably, the small boot code is storable in a part of the volatile
menory reserved for the 10 boot code; &hd is for controlling the

m croprocessgﬁmha[rqgmeﬁ,baﬁmm code fromthe non- volatile nenory into the
vol atil e nmenory. The m croprocessor may have a serial port and a

Serial-to-RAM | ogi c bl ock. The micro- control unit may be for asserting a
setup pin on"¥id K akane @pd Qe cBieEth &N i the pregemtArantiRl erovidesaRparRtUSooF ecei ve
a speci al codsadifg el ddde insiting b nprovdiatile Thencbefor Ble-stofag8AMnk BEbtCodd, aGHcraBY be
for | oadiqng . | .ho ode f he,. mcro-control unit into the

Vol at i e ool iR 1o, tROHred0dS Sl Bk Mol o BPEekdy aitlX todifl Qe

i nt erface arfidahersindbielmicseprocaesoEeniies die bopf aede fram ¢hernoprvolatie memety inkaithe may be

for asserti ngiaflc Rholy Wing thedsnigibbétabde. t he 20 microprocessor in a RESET
state to enable the mcro-control unit to wite the snall boot code into

the volatile nmenory. The RESET pin may be de-asserted to enable the
m cr opr oces uefenably.dhe smaibbasbeqdglid storablelora pareofdinvatadile roémdri eesemed for heot code

to copy jphe pobtaRbe, GAdSs fdr @BhtidiRg BRNMYBhALAsSS BRBEY the ibdbCeokil fomahdhb-e
menory. 25 Aftqr t he booh‘ﬁcod@ IS copied into the volatile nmenory the
mi cr opr ocesYBPIHESTRY TP e aBEle MEBP¥al |y under the control of the boot

code. The non-volatile nenory may be a NAND Fl ash nenory, and the volatile

menory may Hfie Ritiprdds g Bhd)flavd 8'dBiat JOR oRE SSELHOAR idgR LRI YRy et hod
for | oading boot code stored in a 30 non-volatile e MO . I'ncl udi ng
activating SOWPLY-meay hefe assering SseiuPriip en Rver-on fogiable FebpdM ReiFei n,
and usi bf ablticloopreheassetialt@dé dad tieh@riligolt TedSerbLORANMBgIBORCN Alagbe! €

for loading the small boot code from the micro-control unit into the volatile memory.

Alternatively, the microprocessor ma} have a JTAG interface and data address and control
pins. The micro-conirol unit may be for asserting a RESET pin to maintain the

20 microprocessor in a RESET state to enable the micro-control unit to write the small boot
code inte the volatile memory. The RESET pin may be de-asseried to enable the
microprocessor to operate normally under the control of the small boot code to copy the
‘boot code from the non-volatile memory into the volatile memory.

25  After the boot code is copied into the: volatile memory the microprocessor may be operable
normatlly under the control of the boot code. The non-volatile memory may be a NAND Flash
memory, and the volatile memory may be RAM.

In another form, the present invention provides a method for loading boot code stored in a

30 non-volatile memory, including activating a micro-control unit having a small boot code
stored therein, and using a microprocessor to load the boot code from the non-volatile
memory into a volatile memory using the small boot code. -

The small boot code may be stored in a part of the volatile memory reserved for the boot
35 code, and the small boot code may control the microprocessor to copy the boot code from

the non-volatile memory into the volatile memory.



memory ‘into a vol atile menory using the small boot code. The smal], | '
code may be stored in a part of the volatile nenory reserved fgggt/rﬂgfgg9t05

35 code, and the small boot code may control the microprocessor to copy the -
boot code from the non-volatile menory into the volatile renory. -

29/ 11/ 2005 3 The m croprocessor nmay have a serial port and a Serial -to- RAM
| ogi ¢ block. The mcro- control unit may assert a setup pin on power-on to
enable the Serial-to-RAM Il ogic block to receive a special code fromthe
serial port. The Serial-to-RAMIogic bl otk may | oad the small boot code

fromthe m crie mmpr]da,bsgdﬂ mta% Rﬂleoa %&%}g port abd h%eﬁﬁﬂ@RXi:jﬂ 18gidblo8t N@kinvgly, the
m Croprocess ave a nterface and agar

o1 s " The m TSR FRY o 1 e, SL et e Ree e Sorbt vl e Bk

M Cr opr ocessigreivena gpedRiFSEe fonathe sepalepoath The Shrml-m-mmmgmbfoc_(kl maynlokd tiee Wr i t e
the small boghanbestRoldtrén iHBenidteLaHibl it iniBHR (/Matslérrhgm%SET pin may be

de- asser':)sfgd to enable the mcroprocessor to operate 10 normally under the
cont rol the small boot .code to copy the boot code fromthe non-volatile
mermory into Mhmath@lyamblrﬁcmmm;ur midytheve 4 IEAG Ditifacoste dath @idfiseend tdnfrol he

vol atile mergay Tﬁé‘@gﬂrﬁdgﬁ&rtﬂﬁ?ﬁ?%sm REBET g{neto n{é%{témt eymlyrggrggests& r%\cl)mnter ol

of the boot ‘code nventi on provi des a

fitted with RERST <4ip & atable e micreconirel WBH taese dhe %{Pﬂ! boﬂh@’&ieué‘éﬁlet\@%@rfor m

the nethod asensbes Cihe(RESETLEIN @nayl e aé-sssemd i%hﬂéiﬁ:b!e the nﬁ?roﬁ&lﬁ@éﬁ'% opaﬁ@bl e
medi um ggnpr, Q t hat nf i ;

o pr ocedor oBteuftef BURIRIAIANATARER & DAl En P I it ol
conmput er 20 menepdpte theamoladilemsnoses one or nore- means for performing
correspondi ng one or nore functions: as. described above. Description of

f, 2: d::)lr swplrj?ilft%rtstge 6’?%{:%%% (,Jgﬁt Qt?pti |ht§t thg \\/Igig |le ?nrlamor)y thgemlgr%&"togerssclﬂ'nrgaeyr 3;taecl)'gg and;

normally under the control of the boat code.

15
The present invention also provides a computer ‘when fitted: with such apparatus as
described above; and-when used to perform the method as described above. it also extends.
to a. computer useable medium comprising a computer program code that is configured to
cause .a processor to execute one or more functions as described above; and a computer

20 system that comprises one or more means for performing corresponding one or more
functions:as described above.

Description of the Prawings

25 In order that the mventlon may be better understood and readily put: into practlcal effect
there shall now be. descnbed by way of non-llmttaﬁve exampie only preferred: embodlments :
of the present invention, the descnptton being: wuth referenca to- the accompanying

* jllustrative cirawmgs in which:
Figure 1 is a block diagram showing the present state of the art;

30 Figure 2 is a block diagram of a first embodiment incorporating the present invention
at a first state;

Figure 3'is a block diagram of the first embodiment at a second state;
Figure 4 is a block diagram of the first embodiment at a third state;
Figure 5 is a flow chart for the method of the first embodiment;
- 35 Figure 6 is a block diagram of a second embodiment incorporating the present

invention at a first state;



there shall now be described by way of non-limtative: exanpl e onl
preferred enbodi nents of the present invention, the descri ptio@%@i%éz\%o@
:-reference to the acconpanying illustrative drawings in which: Figure |

is a block diagram showi ng the present state of the art; 30 Figure 2 is a
bl ock diagram of a first enbodi ment incorporating the present invention at
a first state; Figure 3 is a block diagramof the first enbodi nent at a
second state; Figure 4 is a block diagramof ‘the first enbodi nent at a
third state; Figure 5is a flow chart fgr the nethod of the first

enbodi ment; 35 Fi gur i ; | 2 . . Yo
i ncor porating theg'ﬂlr"gs?gsn E‘ﬁn@%ﬁ%ﬁhgﬁﬂcﬁﬁbgta‘”%ﬁgéteggegdg?%% 2005 4 Figure
7 is a block di agFawedfs a fiew hed & dheaneibrs githesesand smbedimeRt st ate; and

Figure 8 is a flow chart for the nethod of the second enbodinent. 5
Description of the Preferred Embodi pents To first refer to Figures 2 to 4,
there is sho Wﬁ&ghfﬁ%ﬁ%qﬁﬁ% cro-control unit 12 having a
smal | boos code 14 built-in and stored in its internal ROM m croprocessor
16, and RAMT3 first ibfér HiFegunds -4c thaterio shawni NANL2Flash memery 0. agierp-aoningljuait

m Croprocessel , Kueh, &?au%lﬁ ol g plile G QR éri’g&? RO intéRal REN, mibloprogassst fae

rel atively inexpernsive. P may have a nunber of functions such as, for

exanpl e, tenafdffNt&ns, and has a connector, preferably a serial port. The
m croprocessor 16 also has a serial port 20 and a Serial -to-RAM | ogi ¢ bl ock

22. \Wen, . 15_power i s.initial,l | t FeReod i.2d,. The
Serial -t# RANI% %?WQ l'('n%gllzt %’e%pg‘%'gg'r%g‘s‘ Q’B@tg }gﬁr?@lro\%ﬁlésﬁr %ﬂg sagt 3n é]fﬁt S
appl i ed. Dur inistpptaaesspioisrsueh it wagfd bet felatiyaly ingxressive: dt mahihgve 8 "“ﬁ@?gf’?s t he
setup pin; apRcibResusihd, fr etpRAMnlr@@ticnsbiratiss 8 2omtibs pleturatiy sgegial palt. code t o
be received fromthe serial port 20 to activate the next stage or node.

Thi s special code may ) ,
The microprocessor 16 also has a serial port 20 and a Serial-to-RAM logic block 22. When

15  poweris initially applied, a setup'pin' is applied. The Serial-to-RAM logic block 22 then starts,
but only when the setup pin is applied. During the power-on stage, the-micro-control unit 12
asserts the setup pin; and the Serial-to-RAM logic block 22 waits for a special code to be
received from the serial port 20 to activate the next stage or mode. This special code may
be, for example, ASCHl “U”. When the special code is received, _the Serial-to-RAM logic

20  block 22 then waits for the small boot code data 14 to be sent by the micro-control unit 12.
When the data is sent, it is written into the RAM 18 by the Serial-to-RAM logic block 22. The
data is written in the RAM 18 in the location 24 reserved for boot code.

The Serial-to-RAM logic block 22 is then disabled be de-assetting the setup pin. The
25 microprocessor then runs as per normal. As the small boot code 14 is in the boot code
" Jocation 24, it is executed by the microprocessor 16 and the small boot code 14 has control

' of the microprocessor 16.

The small boot code 14 then copies data from the NAND Flash 10 to the RAM 18. The data
_ 30 copied includes the operating system and application programs. Once copying. is complete,

control passes to the operating system.

In Figures 5 and 6 there is shown a variation. Here the same reference numerals are used
for fike components but with a prefix rumber of 2 indicating a secor]d embodiment. Here, a
35  JTAG interface 226 is used in the microprocessoi' 216. The JTAG interface 226 has special
pins on the integrated circuit that are daisy-chained to all other pins on the integrated circuit



be, for exanple, ASCII "U'. Wen the special code is received,
Serial-to-RKRllogic 20 bl ock 22 then waits for the small boot cggﬁﬁhk(goﬂ@
to be sent by the mcro-control unit 12. Wen the data is sent, it is
witten into the RAM 18 by the Serial-to-RAM I ogic block 22. The data is
witten in the RAM 18 in the location 24 reserved for. boot code. The
Serial-to-RAM logic block 22 is then disabled be de-asserting the setup
pin. The 25 mcroprocessor -then runs as. per nornmal. As the snmall boot
code 14 is in the boot code |ocation 24,3%it is executed by the

m cr opr ocess by thtGisantspetiel Isgia This atdots aastermbiiddvas i€ shift Gah to 8if thé bis of the

m Cr opr ocess o a?IE?lejl : NAND
Flash 10 to t eéqga%&jc]_?@t ta(#% Rglggﬁq%(%l%léggglgr%ﬁ%q%eﬁ '%t ﬂ%sg éd’rv%% éng&éystem
and appl i cat P& 9PritRyintagiatedcritceit eip o ke "?@ & e Fareee time @od tte bB shited éxsano t he
oper at i ng Syskena demcamér.ﬂs\@mwadc&aﬁoh@rt& ERterRIORRica 1Y }dddddiP8n - diehe

e aoe S o RS AT B e R e S m e St D 2 P
is.used in the mcroprocessor 216. The JTAG interface 226 has special pins

on the int egadbetsle Ghe Midid-confi@un®p £ A8bE\nCRBSHE S Eoomfshda.nqﬁéwcrdawaéssepot he

t t ed 1/ f
ot o s TR e g AR S to GBS cioerchbbog 18 B et s
and, at a glmnblﬂ@mbropﬂoaessbr 216 ¢o chatral trerrhicroprioeespor296. pink. Usirgahatintethod; t he
actual gt %@HmFob&nﬁ&hﬁgﬁﬁt\ﬁ-ﬁe&hé %ﬁn@é@ﬁg PR SRRl HRE RERER pln é,%' me and

to be shifted to an external device terface all ows
ext ernal deV§ BE" fig5agsedes HWithe Wﬁr%chestsﬁrezmﬁx?%'%eé@P@%a@ﬂW@? the gmell B‘?Qﬁ§°%d to
wite any détécanbling ihe niaomogeisss 2 1AThbehall ot £dde 214 e cOfeH datd fretiitde 212

asserts the ,ﬁ!,:ibEJ IR, t c (o} RESET
state. Using t #A%Iq %ttgfgf acebgaz ﬁ%t(ﬁ‘ %%%Foﬁ(?%%gégeor&%i%gt%gm Tifts
data into t RERICHOR PEYIFaTse S8 Copying i GorpRiste.cantrol P%eWéh%?ﬂe&f}%%FeﬂQm pi ns.
Usi ng that nmethod; 10 the micro-control unit 212 wites the smal | boot code

ilgr 1)& gcfagsor M{%’lg?e@:-&?%s@léggr&nél '&/fu}]&'f'%ﬁ Qgﬂgge SS%&@ rE'B'H’é" a‘%@?"a'
cont r ol | i ng SYStRE" ¢St Mepteeheddsskmiorpgrocesher systerns haye an extoutel rpicud-conteah ugittpi es
data from.t béform such functions as power management and so forth. As the NAND Fiash copying
function is used only at boeting; when most other functions for the micro-control unit are not
20  required, it should not add additional processing burdens to the micro-control unit. As most
micro-control units have ample data storage they should easily cope with the storage of the
small boot code. B

Fur_thermcre, most microprocessors have a Serial-to-RAM logic block for such functions. as
25  code development and code debugging; and most integrated circuits have a- JTAG interface
- for production testing.of the integrated circuit. '

Whilst there has been described in the foregoing description preferred embodiments of the

- present invention, it will be understood by those skilled. in the technology that many

30  variations or modifications in details of design, construction or operatlon may be made
without depamng from the present mventlon

The present invention extends to all features disclosed both individually and in all possible
pérmutations and combinations.
35 |



NAND Fl ash 210 to the RAM 218. The data copied includes the operat) ng
system and application programs. Once copying is conplete, cor/otlp2040%
to the operatiing..system 15 In this way, the NAND Fl ash copyi ng. function
can be perforned with mninal additional systemcost. Mst enbedded:

m croprocessor systens have an external mcro-control unit to perform such
functions as power managenent and so forth. As the NANI) Flash copying
function is used only at booting; when nBst other functions for the

m cr o- cont r ol ThaiGlaims:e not 20 required, f should not add additional
processi ng burdens to the mcro-control unit As nmost mcro-control units
have anpl e- data storage they should easily cope with the storage of the

smal | boot: code. Apisdratisor foadims bobi wdaorr@wa%&ﬁwaﬂe?pﬁéﬁnaww- RAM
| ogi ¢ block for such functions as. 25 code devel opnent and code ‘debuggi ng;

and nost i nt eGIPaREERAE YlcliiPtON £pde a2 ITAKIPTORESFPT EeMigrgrcopialiudt festhe est i ng
of the integra&beteof Suér%all Wbt 8bdd BRkEoNAssPESRESES hiRGd HnQin{taﬁn\‘;?\jtfnﬁQrggo' ng

description preferred enpodi nents of the present Invention, |
under st ood bymidierecesdariind RESEThetates cimdod oglatiteh atermaryy agd whereéintthens or

dificati . . ' dee . _. _ q
w thout - depar TIRPPPaRel b aRe Aot O Rothtner Rl BRE e ITF o€ oxt onas
to all feat uredatile swnosrgdishe) theisnsiiMigbtebdy. and in all possible

permut ati ons and comnbi nati ons. 35 29/11/2005 6 The Clains: 1. Apparatus for
| oadi ng boot code including a non-volatile nmenory for the storage of the

boot code, a i cr MYAFAESOds chilibd iR AT O widteln i shﬂcm bSSOESRE iOf a

smal | boot code and to assert a RESET pin to nmaintain the mcroprocessor
in a RESET stsderebledna pary of theivolatiememory seservirbfaritihe bbet catlecr opr ocessor
copi es the boot code fromthe non-volatile nenory into the

3. Apparatus as claimed in claim 1 or claim 2, wherein the small boot
code is for controlling the microprocessor to copy the boot code from the

non-volatile memory into the volatile memory.

| 4. Apparatus as claimed in any one of claims 1 to 3, wherein the

microprocessor has a serial port and a Serial-to-RAM logic block.

5. Apparatus as claimed in claim 4, wherein the micro-control unit is for
asserting a setup pin on power-on to enable the Serial-to-RAM logic block to
receive a special code from the serial port.

6. Apparatus as claimed in claim 4 or claim 5, wherein the Serial-to-RAM
- logic block is for loading the small boot code from the micro-control unit into

the volatile memory.

7. Apparatus as claimed in any one of claims 1 to 3, wherein the

microprocessor has a JTAG interface and data address and control pins.



vol atile nmenory using the small boot code. 2. Apparatus as cl ai E§? ]H; Sl %I m
1, wherein the small boot code is storable in a part of the vo /I /2005
menory reserved for the boot code. 3. Apparatus as clained in claim1l or
claim2, wherein the small boot code is for controlling the m croprocessor
to copy the boot code fromthe non-volatile menory into the volatile
menory. 4. Apparatus as clainmed in any ope of clains 1 to 3, wherein the

m croprocessor has a serial port and a Sérial -t o- RAM | ogi ¢ bl ock. 5.
Apparatus as clained in claim4, wherein the mcro-control unit is for

asserting a sgtup pi p 0on. to enabl e the. Serial=tq- RAM |.0gi ¢ bl ock
to receive ag'spec'?%ﬁarggu&eg‘éfﬂﬁ%fﬂq?%én 8@:"!‘2%’ ‘%%?rfa!" e é‘gﬁg&aﬁ"ﬂés’ ! q‘ésfeali med in
claim4 or claeassértedviereriabld ke Heitioptode@stiAl dpegite Mure@lly ivhdeprthéoadi ng
the small boot (i omthe mcro-control unit into the volatile nmenory.

ocile f _
7. Apparat us SR f the smallbgpt Godede capyithe hogtsoge fhgna the fopnolatile

M Cr Opr 0CessOoiehity thtd M3 I86I8 M&Rsyand data address and control pins.
29/ 11/ 2005 7 8. Apparatus as clained in claim?7, wherein the RESET pin is,

in use, de-asserted to enable the m croprocessor to operate normally under
non- vol ati I'e e s FhEeyEPLT Ffichr,Hagr Sak R At Boteg 1 o
claim6 or claide B copiedeinto di¢ enldiite niembry tad enicopesgpiseor isnopetdite
volatile nmenory the m.croprocessaor, is operable normally under the control
of the boot .aniﬁnd%‘g'gr"&f‘ﬁg's‘ﬁgh%gﬁ?%-n any one of claims | to 9,
wherein the non- volatile nenory is a NAND Fl ash nenory. 11. Apparatus as

claimed in any one of clainms | to 10, wherein the
10.  Apparatus as claimed in any one of claims 1 to 9, wherein the non-

volatile memory is a NAND Flash memory.

11.  Apparatus as claimed in any one of claims 1 to 10, wherein the

volatile memory is RAM.

12. A method for loading boot code stored in a non-volatile memory,
including activating a micro-control unit having a small boot code stored
therein to assert a RESET pin to maintain a microprocessor in a RESET
state , and using the microprocessor to load the boot code from the non-

volatile memory into a volatile memory using the small boot code.

13. A method as claimed in claim 12, wherein the small boot code is
~ stored in a part of the volatile memory reserved for the boot code.

14. A method as claimed in claim 12 or claim 13, wherein the small boot
code controls the microprocessor to copy the boot code form the non-volatile

memory into the volatile memory.



volatile menory is RAM 12. A nethod for | oading boot code stor '
non-vol atile nmenory, including activating a mcro-control uni ta%az\,f:lﬂ82905
smal | boot code stored therein to assert a RESET pin to maintain a

m croprocessor in a RESET state , and using the mcroprocessor to |oad the
boot code fromthe non- volatile menory into a volatile nenory using the
smal | boot code. 13. A nethod as clained in claim212, wherein the small.
boot code is stored in a part of the voPBatile menory reserved for the boot
EOde' 14d A rmﬁhOldAamI?ﬂioﬁi aedlaimed| iai am;lbnero&blaihms 12, tomhay ejr#eréihethﬁrral I

oot code controls the mcroprocessor to_cqpy the hoot code formthe
non-vol atil e nﬁg%meﬁmrg‘}qs}?e W@?Hﬂtla@drﬁeﬁﬁ‘ .'toﬁ?"\ﬁ?ﬁﬁég’cg- 15. A net hod
as clainmed in any one of clains 12 to 14, wherein the mcroprocessor has a
serial port and a Serial-to-RAM I ogic block. 16. A nmethod as clained in

clai m 15, whel@i n Ah®ethosk as claimest inuslaim 38savhesein et micrpicentral woiter - on
t ble th ial ~Lo- i i i.al th
serial port. Ao sl oroRferor i ehfiiel RS f-RARFIdbic BRER b1, °The ™

Seri al -t o- RAMckbvgi csisaial icote fim theesesimbportboot code from the mcro-control

unit into the volatile nmenory. 18. A nethod as clainmed in any one of
clains 12 to 14, wherein the mcroprocessor has a JTAGinterface and data

address and cpntr ok nidtied ad%laifedBinh@8inRd 5Cdradi ARl 16 whbrintHe Sericei n the
RESET pin is de- asserted to enable the m crogrocessor to operate normally

under the corftfl logisr blogk laads| theswasll beelecads trem thenmigsersenicaldenit inen t he
non-vol atil e tﬁs%[afga ﬂn\%ﬁfbr}he vol atile nmenory. 20. A nethod as clained in
claim19, e

claim17 or rein after the boot
18. A method as claimed in any one of claims 12 to 14, wherein the

microprocessor has a JTAG interface and data address and control pins.

19. A method as claimed in claim 18, wherein the RESET pin is de-
asserted to enable the microprocessor to operate normally under the control
of the small boot code to copy the boot code from the non-volatile memory -

into the volatile memory.

20. A method as claimed in claim 17 or claim 19, wherein after the boot
code is copied into the volatile memory the microprocessor operates

normally under the control of the boot code.

21. A method as claimed in any one of claims 12 to 20, wherein the non-
volatile memory is a NAND Flash memory.

T 22, A method as claimed in claim 18, wherein the small boot code is
written into the volatle memory via the JTAG interface of the

Microprocessor.



code is copied into the volatile menory the mcroprocessor operate
normal | y ugder the control of the boot code. 21. A nethod as cl %%1/@%
one of clainms 12 to 20, wherein the non- volatile nmenmory is a NAND Fl ash
menory. 22. A nethod as clainmed in claim 18, wherein the small boot code is
witten into the volatile nenory via the JTAG interface of the

m croprocessor. 29/11/2005 9 23. A nethod as clainmed in any one of clains
12 to 22, wherein the volatile nenory i  RAM 24. A conputer when fitted
wi th apparatus as clainmed in any one of clains 1 to 11. 25. A conputer
when used to performthe nethod of any one of clains 12 to 23. 26. A
conput er useaEBe mAdingthasbapralaimey i soynece! pleiigs 4@ todd, wieaein; e

configured tovsguf%qn%ngbgi%mr to execute one or nore functions as

clained in any one o 2 to 23. 27. A conputer systemthat conprises
one or nore neans for performng corresponding one or nore functions as

claimed in an¥4.0neAOI:O!%pl)L?tlenUB whlent ﬁtteélL 1With apparatus as claimed in any one of

claims 1 fo 11.

25. A computer when used to perform the method of any one of claims 12
to 23.

26. A computer useable medium comprising a computer program code
that is configured to cause a processor to execute one or more functions as

claimed in any cne of claims 12 to 23.

27. A computer system that comprises one or more means for performing
corresponding one or more functions as claimed in any one of claims 1 to
11. '



