. EFe3eAJ>86TJ)- 1 METHOD and APPARATUS for LQADI NG BOOT CODE 5 Field of the
I nvention The present invention relates to a nethod and apparatus for the
| oadi ng of boot code for a mcroprocessor and refers partl

not exclusively, to a nethod and apparatus of | oadi ng boot mumm’" Wmfg@
NAND Fl ash menory. 10 Background to the Invention Boot code is,

pi ece of code | oaded and executed by a m croprocessor. The boot’ df?de
resides in a known | ocation of nenory and the m croprocessor executes the

150 ol at | e TOTDry - Sugkvutsy ok ke R RHSTEr eonBRSHLOREASE NOF & T

can't be lost and needs to be present even after a power G000+
M croprocessor systens al so need volatile nenory (such as, for exanpl e,

RAM to store variabl es and changeabl e data. As such, m croprocessor
systens hav %ﬁ) nn and 20 non-vol atile nenory. A | ow cost form of
non-vol ati | 2:' gs hx?r'{evr%f%{r'éfl s available - NAND Fl ash. Although it is of very
| ow costy and is therefore attractive to equi prent manufacturers, it has
not been extTéapresentynvgrtiod reistes to , msthad Rhdrapracatisfprethe dading lof bapt gt fona s

cannot be admérs.&s@éas&raqd Feél paroulanig tHbudH Abl ekclRéelyTess mBhod SRfapparatusti OcK.

This prevents it from non-vol atil e menory hol di ng boot code
that needs 19998 bP%téad%ﬁﬂegiPﬁAﬁﬂ%g‘ 'P%’B?Wy by the m croprocessor. One

met hod devel oped to overcone this is illustrated in Figure 1. An external
ASI C i s 1§seaaeRgrdRhdicAthe idvBRtidH Croprocessor in the Reset state while it
reads code fromthe NAND Fl ash. The ASIC copies the entire code into the
RAM before rel easing the 30 Reset, thereby allow ng the m croprocessor to
execut e t he BoBteode b HetTiie PrRsR10r pede; lgaded candreXp@itadnly # MIGTeRTPEsSBHTREC PO t he
present i nvebdd eBidéin plkAdWrtiecationeft iémbry fid the aibrdpgodasr exedies fhe®aotNabl> Fl ash

non-vol ati | g tHe filodn A?cf&hon %o§r“ {4 nS’JnaH“Eto G"ﬁ%h 9&at\{¥ Fn'%mtoPy sudh 25 ofnd

ot her objects i n I nve I des ara o di ng
boot codé |%¢MHP@@M&QMM%@$F@SM¢%WB SHRS r@@@ﬁta@ep@serttmerb@@r code,
a mcro s cepowetiossnit for the storage of a small boot code, a

m croprocessor, and a volatile nenory; and wherein the m croprocessor
copies the boot code fromthe non-volatile nenory into the volatile nmenory
usi ng the srii¢rpproeassorcysiems Risefnged pb!gtile miamoryrtaddh dsofer exaroile, iRAM)ttorsédiée in a
part of the y@dodsidng cRBRGRGENe [dB8&E Y /bcH, PhicrbptEcebbrR9QEms AR bdi Jolbtle R4

contr ol ?h t he Inil croi%r ocessor to copy the boot code fromthe nonvolatile
menor y to"PHé%B?@F P¥ nenory. The microprocessor may have a serial port
and a Serial-to-RAM | ogic block. The mcrocontrol unit may be for asserting

a setup pin PRwREYWEEMPSF HoR-vERAE Ffash Iﬂf‘en’%?yr is t%l/allragle BAMNJI@Wa@h mhm&QKlst&bl .
or C ocC

recei ve a special code

oy boCf or - MBS e R M Ags st o AT AREVBoHE OISR ot he
vol atil e merestepsivell vsed ratit hes|aylimitel énterface.olffs candendocannelybehaddesssed)dniGead
interfags anggik R@, AN REEe AAd S AR TR Preventd'R #BMCHRCRRY 28 InokRbiktigRY be

for assertlr;]g; pin to maintain, the
emory holdlng 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 is used 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 loading
boot code from NAND Flash non-volatile memory.
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20 m ¢roprocessor in a RESET state to enable the mcro-control unit to
wite the small boot code into the volatile nenory. The RESET pin nay be
de-asserted to enable the m croprocessor to operate normally under the
control of the small boot code to copy the boot code fromthe non-volatile
menory into the volatile nmenory. 25 After the boot code is copied into the
vol atile nmenory the m croprocessor nay be operable normally under the
control of the boot code. The non-volatile nenory may be a NAND Fl ash
menory, and the volatile nmenory may be RAM I n another form the present
invention preymm&s ofthddhveatlon or | oadi ng boot code stored in a 30

non-vol atile nmenory, including activating a mcro-control unit having a
smal | boot code stored therein, and usi n% a mcroprocessor to | oad the boot
code from t H¥the-abevesend ethee ABIESS immindathe Present isvengion Pipvides Asparaies &eral |
boot code. Thuingmablcob®btludingle norayolie: Rémdre ebr tHe storfiiy df thefbobhkdd¥ 0d micrd-€

menory r§serc\6ﬁtgol fuﬁ) { Eor‘ 91% spo(?% o%g s(;‘n ﬂ%bot?&g? tahr?ﬁlcS n%cessgp %}[1 (a:(?/gllgglrm C?Qt rol

t he m croprocessor RERGA- 7OT at'l into
t he vol at i | eénfahieip the m@rcpmeﬁor;«pqpms@@e@@modﬁﬁrymﬁm@oravogeéc}q re¢meipinto thad a

Seri al - t 0- RAMalile glefoBl 3 theldmsalllbosticag@nt rol unit nmay assert a setup pin on
power-on to enable the Serial-to-RAM I ogic block to receive a special code
fromthe serial port. The Serial-to-RAM I ogic block nay | oad the small boot
code from t Huefetiably.adhe small kdot gedetis statabletime par bhthe Ivelatite memery rBselveddontaei vel vy,

the mi crmpr HBISSHRE, my.s m\e%meomk‘g%ﬁ itk dcasRr ﬁf‘é%p?%@b&ﬁ%@e’sﬁorﬁ'ﬂ% retrol
plns (ao co may assert a RESET pin to maintain the

m croproces§’8 t"FH"*&”ﬁE@E%‘es"togff"‘e’"Ee(To@habl e the micro-control unit to wite
the smal|l boot code into the volatile nmenory. The RESET pin may be

de- assert ed 18 RERNLEsklGnS) FivR QSEP PR phPp AEA RAMOOBOTIRL! e IAGRL  he

control of the sma to co non- vol atil e
menory int o PHE! Yo By *PeefOFr%sr?ﬁF'?g aRPtPB PINORPOWBLEN P sARd!e e IehRlderRAM I8gie he
vol ati | é5merincy td feeeive & spqeiab caieSmm (e \seiy) poratThe rSariao-RAMUSEE bloti mag B8t 1 ol

of the boot (69 %?lng%sﬁﬁbg&%ﬁggﬁorﬁ Hx\é‘?ﬂ%{b%gnt@ﬁaﬁrﬁt airﬂé%‘é'vgf%ﬁleﬂm effid uter when

fitted with aratus as descri be when 0 performthe
nmet hod as descrl bed above. It also extends to a conputer useabl e nedium
conpri si ng altemaiMelyCthe PHiQoprodesss Geaythadd a USAG @iidriagel bRtlddtd agdessand caﬁmessor

to execute cerg Orrhenpﬁc?o &a‘ﬁﬂ&t 'uﬁ)psmaeylis gef%Présgg'ﬁneq?%Oﬁ%SE?ngm toC%TaPn Eir?rt )

syst em t hat or respondi ng- one or
nore furlti @N@OE@CQ?E@ dn ﬂﬁ%ﬁ@’bﬁ@@ to paakle thﬁtm'@’ﬁ cotral h'é't for wiite rﬁ*@fs sl beptor der

that the inwedd iing th@awolatie Dabiher. UHQERESF_Goﬁmaﬁhdy Radé-haseRst té ruhabuarta@tl cal
effect ther ?n § agroces§or\’¥o %%tte %Fesr?ormglﬁ nQXr twa %Prgtrol oP {Plﬁ esm&esaél Vﬁ? g?);acggél tﬁao l y

preferred enmo 'nventi on, wth
reference t@oﬁmd%lff@fmhﬁa\@pwﬂgﬂ'? Menstyrinte thseefolahlamen@y in which: Figure 1 is a
bl ock di agram showi ng the present state of the art, 30 Figure 2 is a block

di f f nmhodi t t t
S o0t ool bt 3 oS R8I TERbe B S50 R e PSR b P
second st at evorniilly under thejcgntep! o thrskooticatigr Hve non-volatie friemoty reavidedi NAND Flsh a

third statemdmdphaRd fevslafle MeMdhyThide KA. the method of the first
enbodi ment; 35 Figure 6 is a block diagramof a second enbodi nent

i ncorporating the present invention at a first state;
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.



4 Figure 7 is a block diagramof the second enbodi nent at a second state;
and Figure 8 is a flow chart for the nethod of the second enbodi nent 5
Description of the Preferred Enbodinents To first refer to Figures 2 to 4,
there is shown NAND Fl ash nenory 10, a micro-control unit 12 having a snal
boot code 14 built-in and stored in its internal ROM m croprocessor 16,
and RAM 18. 10 The micro-control unit 12 is a relatively sinple

m croprocessor such as an 8-bit mcroprocessor. As such, it would be

rel atively inexpensive. It may have a nuhber of functions such as, for

exanmpl e, temné Uﬁl@rbﬂ)r@éh‘ssoraﬁﬂl hag aasé?@ﬂﬁ&ﬂbﬁlf a RFiakeRAN Bgid bkRki Ple ARFd-- The
m cr opr ocess eria E - RAM | ch(l S bl ock

or
2o Vhen 15 RIS BN aelB i Bverat b tipedhe Srfie i e
Seri al -t 0- Ra¢delved epeglabeddedom tersesialanorts Théy Geriabtd-PAMHegic bloek sey Ugrdpihe i s
appl i ed. Dursifa@pddt SodeGiRY the Mickd- é‘&!ﬁ’rol Jnh%tcf‘ih@%latﬁé’%ﬁm@ﬂy unit 12 asserts the
setup plgl and the Serial-to-RAM I ogic block 22 waits for a special code to
be received fromthe serial port 20 to actlvate t he next stage or node.
Thi s speci aIAltemdtwelyaty\e luéqro;fro:ressxatrqylf‘eye AJO\G iritddface Hirbdatd hédregseandadonttadde i S

received, t Sﬂé d Rlcrd- &mE&MnL Aty Gis&h QlR‘E?SET%% ttohﬁéngﬁit{ﬁm c?cfprcgclag o? "WL' boot

code data 1 e sent cr o- contr ol
sent, it is Rﬁrlefr tSFe F°n?’b"’b Hee Figr-9atplunitie WS@rtf‘%Pm?'bb‘F@WP‘l‘%@FOCth%IVB'éWe 22.
The data i s meniont ehei RESHTEpiRANYLEe de-asdedted @F ahablNthadmic@pREsREr foobpdhae!

code. Th@ S?h#n?éﬂghr?de%wckﬁwl & tPA Q‘ﬁ%l b%gt doﬁe IJL%B@E%S‘&'«:S&T P%% ﬁ%gl ' ng ggf

setup pin. m Ccr opr ocessor
code 14 is WW'b@dWeﬂﬂ@mml on 24 |t is executed by the
m croprocessor 16 and the small boot code 14 has control of the

m Cr opr ocessQr 1. Th t he ies data fromt NAND
Fl ash 10t o T MR APt 6t R sy HRSteCRiifiehelhey ot SR o SRl LSt om
and appl i catparellyprstgr tiesont@hefdhelney¢adg. i s conpl ete, control passes to the
operating system In Figures 5 and 6 there is shown a variation. Here the
sane reference nunerals are used for |like conmponents but with a prefix
number of 2 PRGTERDT MYSHO8 Aln HouHE & FRTRHIET . Mied guth) quies syt 226
i's used in deeerihedcatope;coevher used & perfoen JieABthadtas dbsribe@®va disalspxtEnds  pi ns
on the integ th&q?lﬁérr sehble m@hmad’oﬁ\pﬁﬁhgsy c&hﬁlté}%gtré?n %Me ﬂgl}\@rcormgﬂr%dcf@ the

integrated circui e use gci is allows "an external
v ge o SR HRIPSESBY Ty eHEIecoTi haroak RO At SeCHRELFEre N € CoMBUSA: o
gi ven si2@nalsystératticdt dolmeriskest eneoort motehmeanisnisr pérforming coabdpomding bre actmaé dat a
on the integRlsd a6 hE<Hbdd fblts to be read at the sane tine and to be
shifted to an external device. The JTAG interface allows the external
device to read data on all the 5 integrated circuit pins and to wite any
dat a ont o t IPeseiptenpf tie. Drawingsf ore, the m cro-control unit 212 asserts the
RESET pin to nmaintain the m croprocessor 216 in the RESET state. Using the

JAG | oSt { §55rag ey hOSIEDRLOREPEE RO (RIBSLOED DoAY S A il bty

m Cr oprocessor m Cr opr ocessor
met hod, 10 theee shall new besessibed by wamfzowlmtt@lye ewra&mmu preteged ema@me_m into

t he RAM 218.of Tiﬁbi' pF@ESIETmpérﬂloh Sthbhﬂﬁ%cﬁb?loﬁst&ﬁfgt @fth aefrehie td11thd QREMGRBHRG 216
execut es normsalt }1/ gvla g smwhscga boot code 214 controlling the

m cr opr ocessor eB he {7 boot code 214 then copi es data fromthe NAND
Fl ash 210 to the Figue Dis blobk diagrameshewng B presentistésofitieearbper at i ng syst em and

appl i cagpon pr ogIrRiFe 38 @DIdER Bikgrash df & filsPEMRbAAinfant MEdHSratngIRSSTBSent Avdnih
operating systgmq 42
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;



I'n this way, the NAND Fl ash copying function can be perfornmed with m ni mal
addi tional system cost. Mst enbedded m croprocessor systens have an
external mcro-control unit to performsuch functions as power nmanagenent
and so forth. As the NAND Fl ash copying function is used only at booti ng,
when nost ot her functions for the mcro-control unit are not 20 required,
it should not add additional processing burdens to the mcro-control unit.
As nmost micro-control units have anple data storage they should easily cope
with the storage of the small boot code.4 Furthernmore, nost microprocessors

have a Serial -t o-pmlmmgi urocbhagdanmrthesséedshdfmanh@m&tase&'id@@éeaﬁi@vel opnent
and code debuggi r}gg r at {cw ts have TAG i nterface for

production testin 'csr?e°w P%@ oéﬁ&ﬁne °|¢c°u hF SeRRAL Fg‘%goqirﬁ%'?}e has been

described in the foregoing description preferred enbodi ments of the present

invention, ifeséfiptiondd the Bieferled BthddMimdise skilled mthe technol ogy that
many 30 varl atl ons or nodifications in details of design, construction or

operati oA ély made wi t hout departing fromthe present invention. The
present inv ﬁtfir%ﬁef@%PEWH%es?@ 4 there dsshova NAND pghamemens i f 4 Migrasaatidlung and
in all possifalhavipg amsrathbodredentvibulio Mndatdrania . its dernal ROM emiCioplob@ssorl 16,
Appar at us fc%] IR% ghg boot code including a non-volatile menory for the
storage of t ‘code, a micro-control unit for the storage of a snall
boot code, a 5 mcroprocessor, and a volatile nmenory; and wherein the

M cropr Qoessme maRd-emtrbihenibagt isc adesidtivam dikpe nmmrdpeﬂcaééor esuaﬂera%r )éni 8@ the

vol atile menory usin he sma cl ai claim
1, wherein tNe %rocﬁsfgb?)\gtw% ! nggg}e rreggYeéy i”ﬁ"@eggé‘ift V? fe" eétclr?
menory r eserfystiorssuch asefopexampieo tée furdtionspandrhas a sornector, arerfmbly aseglabpart. 1 or
claim?2, wherein the small boot code is for controlling the m croprocessor

to co t he _hoot. code fr he non-vol a the vol atil e nenor

1o 4 P hopar ADEDiaiteesrr IR ol " S5t Pt 2 Fod FraeaaAN Ggkchionk 2 psen Y
m cr opr dées yowetiaipitiallysappiies] a paturt pinischpplie8eThedSeriletoRAM Ibgig block22ahén stérts,

Appar at us ag b Wk thé‘s&u;ﬁblms“appmebﬁ‘ﬁr@ tﬁJ‘ﬁ‘ovJEr Gﬁ Qta O Micro%hfrol'uﬁut hor

asserting a 20 setu erial -t o- RA I C
bl ock to red@sFsfs the geﬁ‘épc'?'%tl a"éd’b"es?rfabfﬂ '?’?‘M "i%’rt?'%ﬂk zﬁd’f‘al'ts fg.a ?ﬂﬁﬁ'ﬁ'r%’f’ﬁ? S
cl ai ned i n céivet fromrthe $asiahpoft, 20vth @cthiate thé eexbstagealor thoddRAkls| special chliomisyi s f or

| oadi ng the b'énﬁalr |ex£}9;9é KS&IE"J”W%IF % éHe&EPccﬁ@qg ?é@e\vH@'tﬂe f@ﬁéf t& ﬁﬂMVIQé é‘t ile

menory. 6 Aﬁgar atus as ein the
m cr opr 8es ek g4 they “f?‘f?k@' fhﬁtsélaf' 88%‘ cagmdqj%tmdtoalapd?e@ggy hA Mierensentis] uHi s, 8.
Appar at us asWieEndhendta isisent) itis mrifen infocieeRAMU1B @y theCSedialctoRAMDIbgiti btk 25 Ther

asserting a q3f) iKmfeh P Raft 188h BleMdAndd B MINQRGReERGL. | N @ RESET state to

enable the mcro

The Serial-to-RAM logic block 22 is then disabled be de-asserting the setup pin. The
25 microprocessor then runs as per normal. As the small boot code 14 is in the boot code

location 24, it is executed by the microprocessor 16 and the small boot code 14 has control

of the microprocessor 16.

J

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 like components but with a prefix number of 2 indicating a second embodiment. Here, a
35  JTAG interface 226 is used in the microprocessor 216. The JTAG interface 226 has special
pins on the integrated circuit that are daisy-chained to all other pins on the integrated circuit



control unit to wite the small boot code into the volatile nenory. 9.
Apparatus as clained in claim7 or claim8, wherein the RESET pinis, in
use, deasserted to enable the m croprocessor to operate normally under the
control of the 35 small boot code to copy the boot code fromthe

non-vol atile nmenory into the volatile nmenory 10. Apparatus as clained in
claim6 or claim9, wherein after the boot code is copied into the volatile
menory the m croprocessor is operable normally under the control of the
boot code. 5 11. Apparatus as clainmed irdany one of clains 1 to 10, wherein

t he non- v]9I @}yitrkeeudsm,secuai %gl&h T\ERotk an Extaﬁlawel)hce 12shif @A tadiiuBe s o mlerrid in
any one o cl.al erel.n 1,1

met hod for "b%%?w%%c'[) 'g? f 8daeg'v g s"%"(i'F |'aE°hé‘R%§ar%avgtPaqf Rmsyltrg?so aﬁ/)owlg'&tﬁ%faf]}ﬁ?'ng
activating aata oy thedatagraiet creditt pigato bryread aidid sdmemtime @de ta bersbifted e @ai n,

and using aemeﬁfapﬁéﬁ&eiﬁé”ﬂk@ ihtAskel IBWH A AR devRBNts eadN@ita Al At inke
nmenory ipto.a vol smal | boot code. 14. A nethod as

clai med Pn dtt %qrﬁgtigrcu&ﬂ@?@n t°t“ﬁ'é@%€?‘%°ﬂ@§'ﬁ'eﬁﬂfe°'"ss stored in a part of the

vol atile nmenory reserved for the boot code. 20 15. A nethod as clained in

claim 13 or .Gl i mlwaecro &uﬁuh@lZ?@%rls tP@ﬁES@PE.ﬁ t& M |Tn{a95| tﬁe Fn'ﬂ:‘? rocessor

nlcroprocessor to Cogﬁ OOt Cco ormthe non-vo ry rnto t he
vol ati | e merfdfin the RE Tﬁﬁ%b’é'"aéhed'r&eﬁéﬁﬁ?% ngﬁythﬁﬁ'éc"?ﬁm‘@P%ﬂr %6 frgnshiftg 5
wher ei n t he dataiito pleaniesprotessar18 o consathearhicpprocessb 18 phar Using that ri?é%M:d ogi c

bl ock. }4. ﬁméﬁﬁfc%oc%né‘& uﬁal ﬂz'meé e Gl o@?odﬁ%gn‘?d e 'ia[t\ﬁn %‘Xm‘rfé uni t

asserts a setup pin on r-on to ena b ock to
recei ve a spebpafle-gwgde ?’b"rﬂ‘? Picrapgqcpesior Bt executes nogmalix wits theonad °€‘I @dged in
claim 16 or 2ak abrtollidg theln@Ereprocdsss 2$enrhalsn¢awbmwbdw.gu4<1h&.l cobis baradonithe smal |

oot code 1 NG BEATLSS 95 FRTKAR' b e bk Q0P URUEL bl oIBHRY Yrsdh? anf

nmet hod as cl al imed one o erei croprgcessor
has 35 a J TR@OIICﬁW@rW %@n%mcﬁmlnaﬁmo@ﬁﬁteamtfem@ﬁwﬂo {he gperating system.

15
in this way, the NAND Flash copying function can be performed with minimal additional
system cost. Most embedded microprocessor systems have an external micro-control unit to
perform such functions as power management and so forth. As the NAND Flash copying
function is used only at booting, 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.

Furthermore, 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 operation may be made
without departing from the present invention.

The present invention extends to all features disclosed both individually and in all possible

permutations and combinations.
35



8 20. A nethod as clained in claim19, wherein the mcro-control unit
asserts a RESET pin to maintain the m croprocessor in a RESET state to
enable the mcro-control unit to wite the small boot code into the
volatile nmenory. 5 21. A method as clained in claim19 or claim 20, wherein
the RESET pin is de-asserted to enable the mi croprocessor to operate
normal |y under the control of the small boot code to copy the boot code
fromthe non-volatile menory into the volatile nmenory. 22. A nethod as
claimed in claim18 or claim2l, whereimbafter the boot code is copied 10
into the voleidigimgenory the m croprocessor operates normally under the
control of the boot code. 23. A nethod as clained in any one of clains 13
to 22, wherein the non-volatile nenory is a NAND Fl ash nmenory. 15 24. A
met hod as cl ai fredApparatisdorrioaithg bahierode inciuding emahivolbtiie meowdefor the wtdradecsf | nt 0
the vl atil e MeMORY pibAcAdC o HAR LB LAC for She Llifadkl 6f BPUAGCEER! cose®a A

met hod as clainmed 1 n any e vol at

menory i3 20 RAMm'QrGPmSé@Sé?fnfﬂﬁ%YOI%‘%VHe'T‘?W-t%‘H Whietsin tHP PUGTeRIeESSE cepies thed i n
any one of cl ai mbodt toale ¥idm thé.noAvelatip eeaforyn@nthel eldtilé mepif iy theesnmaat hod
of any one of cl gj, coé to 25. 25 28. A conputer useabl e nedi um conpri sing
a conputer programcodé that is configured to cause a processor to execute
one or nore functions as clainmed in any one of clainms 13 to 25. 30 29. A

conput er system tApphraf@ B tlafRR iPOSMOT, wHErER thESHE! Hobt coBE isf SRraBIe B a part of

corresp dlng on re function d in any one of clains 1 to
12, Cab 10, A acn€ Yoy Fpttp e IRofing Bodt o

) (np}/ P}xsnl d_ZU] ca] ca] ca] ca] ca] ca] ca] cal ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca

]ca] ca] ca] ca] cg] @ik CRl Gahed aUbisial ¢ akkrfd @ Tahéreh IR Small Bdbt&&d 79 korn™ +,

cal oal cal ool cal | ool Ak opleaheBloal falaal Gal 5hS ﬁ%%%akﬁﬁ%&gf ]60216

66678869T999 : B;into the volatile memory

;5 <=| wr gigc”Y] ] c] caj ca] caj] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca] cal]ca]ca]c
a] ca] ca] ca] ca] ca] ca caJ ca] ca ca cal ca! =q>>>>>v??' @@ @ AA666738C9T999: : :
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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.
25
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.

8. Apparatus as claimed in claim 7, wherein the micro-control unit is for asserting a
30 RESET pin to maintain the microprocessor in a RESET state to enable the micro-
control unit to write the small boot code into the volatile memory.

9. Apparatus as claimed in claim 7 or claim 8, wherein the RESET pin is, in use, de-

asserted to enable the microprocessor to operate normally under the control of the

35 small boot code to copy the boot code from the non-volatile memory into the volatile
memory
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11. Apparatus as claimed in any one of claims 1 to 10, wherein the non-volatile memory
is a NAND Flash memory.

12. Apparatus as claimed in any one of claims 1 to 11, wherein the volatile memory is
10 RAM.

13. 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, and using a
microprocessor to load the boot code from the non-volatile memory into a volatile

15 memory using the small boot code.

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

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

volatile memory.

16. A method as claimed in any one of claims 13 to 15, wherein the microprocessor has
25 a serial port and a Serial-to-RAM logic block.

17. A method as claimed in claim 16, wherein the micro-control unit asserts a setup pin
on power-on to enable the Serial-to-RAM logic block to receive a special code from
the serial port.

30

18. A method as claimed in claim 16 or claim 17, wherein the Serial-to-RAM logic block

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

19. A method as claimed in any one of claims 13 to 15, wherein the microprocessor has
35 a JTAG interface and data address and control pins
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24. A method as claimed in claim 20, wherein the small boot code is written into the
volatile memory via the JTAG interface of the microprocessor.
25. A method as claimed in any one of claims 13 to 24, wherein the volatile memory is
20 RAM.
26. A computer when fitted with apparatus as claimed in any one of claims 1 to 12.
27. A computer when used to perform the method of any one of claims 13 to 25.
25
28. 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
one of claims 13 to 25.
30 29. 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 12.



