*159159* WD 98/59296 - - - PCT/1B98/00922 | DESCRI PTION A METHOD OF
UPDATI'NG PROGRAM CCODE FOR AN OPTI CAL DI SC DRI VE M CROCONTROLLER AND AN

Tines o o ol o MM 5 e

instructions into nmenory accessgghgy a mcroprocessor based system
controller within the disc drive. Such disc drives are usually connected to
a host conputeYQ95P8¢quent|y a personal conputer (PC), t RECHIRPHON2%St andard
interface so that data read from 10 the optical disc may be read by the
PC. Exanples of the optical discs are ¢O ROM DVD ROM and re-witable
versions of such discs. In-Systemprogramming of CD ROMdrive firmvare is a
desirabl e featdg_:rrs%l M'lioﬂ' enabl es the updating of the drive to provide extra
functionality R rect operational errors which have been detect ed.
This may be achi ev;edmbuoﬂ@demim@dlbmmmwmmmmmmmmm pr ogr am

memory of the system g Ry y&tﬁ&] sEPRRK% se- a FLASH ROM
Thus the user may purc ase or e suggl [ edA{;/I\/lt oppy disc or other data

carrier containing the wupdated operating programfor the drive which is

then read by the Pﬁnéﬂ%rﬁlsmelatyé@o%n&atlarse@mbsldmeeéEaﬁahécooftdpaamgsc drive
systemcontroller to enab atlngmzo of the disc drive firmvare. The

di sc drive |n@PETHé’$S°n6rﬂV5§qua?FtPE“QT€ r jrograpiing. Jjsfryctions: itey MERIRR y to store

the program i nRgédsded b@ai‘mlf:r@brobé'@oﬁwﬁe&mystém%hwdlleWItﬂlmefeedlmdﬂver referred
to as a mcrocontr IIe t.echni &uefFfor rogr anm ng

%' TAe noy llénn t & ost ¢o equ
this FLASH nemory PYChfqiseqnves afs|iRiai, onn8eEd 1o dirH £ UM e T UPPWm t he FLASH
nmenory to the amemsamammﬁmterC)RNMLigﬁ asstarciard mﬂeefalcetswtaaitda‘taarteedaonar dwar e

swWiich 1o, causss biRaNG REPH Bl boind Bc. ERAATN &nd BticEilasmd bp Proglam |

nmenory. THe niCrOCONtTO NOW execut es t's program code fromthe RAM and
i s enabl ed t o ROMsRVD ROM cd retsitabie YQﬁS@'meSFE'AQFFSrrermry and rewite it

wi th that suppli edidREn H6gaRMindEFCORERM drilkfirmware is a desirable feature

which enables the updating of the drive to provide extra functionality or to
correct operational errors which have been detected. This may be achieved by
15 downloading new program code to the program memory of the system
controller which may typically comprise a FLASH ROM. Thus the user may
purchase or be supplied with a floppy disc or other data carrier containing the
updated operating program for the drive which is then read by the PC and sent
via a standard interface to the disc drive system controller to enable updating
20 of the disc drive firmware. The disc drive includes non-volatile memory,
typically a FLASH memory to store the program instructions for the system
controller (hereinafter referred to as a microcontroller). The normally accepted
technique for programming this FLASH memory is first to copy the
programming software from the FLASH memory to the microcontroller RAM
25 space, then to activate a hardware switch to cause the microcontroller to
recognise the RAM as the program memory. The microcontroller now executes
its program code from the RAM and is enabled to erase the code stored in the
FLASH memory and rewrite it with that supplied from the host PC. Once the
FLASH memory has been rewritten the microcontroller reverts to using the

30 updated FLASH memory as the program memory.
This approach has the disadvantage that a power failure during this

MR

*ACTION*
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FLASH nenory has been rewitten the mcrocontroller reverts to using the
30 updat ed. FLASH nmenory as the programnmenory. *ACTION* Printed from
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process may be fatal, i.e. if it occurs after the FLASH nenory has been
erased but before it has been rewitten the contents of both the FLASH
menory and the RAM are |ost and there is no programfor the

m crocont rol | eWOPH9%ecute.” Thus if power to the disc dr*fc\Tén?sé’oﬂzbst at
that critical time the user is left with an 5 inoperative disc drive which
has to be returned to the manufacturer 2r a service operation to have the
original or updated programwritten into the FLASH nenory. This is clearly

an undesi rabl gnc?ﬁl tg%%taly eéatal |e %It% cu??éifeqttheogmwkﬁnéﬂxgwagBQerF% g&abl e the

provi si on of ramc ed by
transferring tbuebeforkait bas peangleunﬂenltbe pnlstemtle b@hihef FlAtH ﬁ'@rﬂcas%ncborrput er

which is nore o E/L?rteQOQ%\N@rthéré'lé h Brogra for Bk MierdtohtrdiiBS {cfdxecB® appr oach

to sol ving th| S pr emis rovide an "uninterruptable power supply,
for exanple aThusif@opepiadhepise éf“’teH%'°§tr?ttthﬁféf't"‘ﬁhtl'"i‘%"@f“s?'}fé leftWithean j n

particul arg t hendRaMtive disb b WHiéh RiseEb&rBtAétEtoitite Mbmufasiureedrarserliéd Ng 15

transferred into the FLASH nenqr. ot,her non vo Yo d NI S
approach has ISBEFRUPAP M?]tﬂé?d°%%/alloéé’d’gat?8 qr?ﬂf?'@a‘géﬁf" Bt gﬁ{ opti cal

disc drive. Tii@ndarpvemtsn@aleam;oan aezsieabiesituatiorof updati ng program code held
in a non volatile, nmeno m crocontr cont k. .t he
operation of an opfti'taf O%’fﬁt & tgﬁ YFPR 104 %élgﬁé% S%Eé’”ho%&'g%?%% er, the
met hod conpr i siiege bheratitgegregrai cahbe updated by tiansferring the opdatecprogram er asabl e
area Of the NoRNRhd! féin o THR YopRashficR RERREd Abusf ROPAB: GaflFes! Ch

enabl es the ni¢ro- controller Ck the integrity of the program code in
the remaini ngiuung)ﬁml’emr‘@&rar ea of the non-volatile nenory and to

One approach to soiving this problem is to provide an "uninterruptable"
power supply, for example a battery backup to the critical parts of the drive, in
particular the RAM in which the program code is stored before being

15 transferred into the FLASH memory or other non volatile memory. This
approach has been implemented but leads to increased cost for the optical disc
drive.

The invention provides a method of updating program code held in a non
volatile memory for a microcontroller which controls the operation of an optical

20 disc drive connected to a host computer, the method comprising the steps of;
1). providing in a protected non-erasable area of the non-volatile
memory a basic operating program code which enables the micro
controller to check the integrity of the program code in the
remaining unprotected area of the non-volatile memory and to

25 request and receive program code form the host computer,
2). providing in a read only memory of the microcontroller low level
program code which enables the micro processor to erase data
. from and write data to the unprotected area of the non-voiatile

memory,

30 3). requesting the host computer to supply updated program code,

4). writing the updated program code into random access memory

Printed from Mimosa 06/25/1999 16:57:52 page -4-



25 request and receive programcode formthe host conputer, 2). providing
in aread only nenory of the mcrocontroller |ow |level programcode which
enabl es the mcro processor to erase data fromand wite data to the
unprotected area of the non-volatile nenory, 30 3). requesting the host
conputer to supply updated programcode, 4). witing the updated program
code into random access nenory Printed from M nosa 06/ 25/ 1999 16:57: 52
page -4 WO 98/“¥QPG&PCT/ | B98/ 00922 3 (RAM) within the difSTIRBIGE . 5) .
erasing programcode fromat |east a selected portion of the unprotected
area of the non-volatile nemory, and 6)3 transferring the updated program
code fromthe RAMinto the 5 selected portion of the non volatile nenory.

The net hod accordi ng thﬂﬂgwith{%t'i@dr[\'@s t he advantage that if the
transfer of the update ode is not satisfactorily executed, for exanple

because of a powed) suPsing pregraruprdeciiomtat deast ja; pelegtedsperjen of the drive i s
fig' :CLQ regogerloand lr%ﬁﬁ@!ecfe'&%ré’iéﬁﬁ@hor‘i—%léﬁlﬁﬁﬁfrfbfy,Tahie updgt ed codei Thi's
i eved by i ncl udi ng enough program code, | ro nory to
enabl e a check to Pe A@nesao dop tlwgaf%ﬂﬁe@a@@ Fefe E%fﬁ@%ﬁ*’ﬁ{j“‘ﬁ@ code, i.e.
Eg perf?_rng anfi nt egri t Wele6tag plsrtion of the n&h@bl@ﬁlemgengjrﬁm c]?de, and to ?:ont IroI
e witing of programcode to the unprotected area of t non-vol atil e
nmenory. Thus if thghq Flfﬁl"%e?c% '"ané?ee VEISRR fes t %F%@é@g%?hf% visible or
?udi EI e 15 waransfegofitry uftiatgarcnde sadt satisfationily ekecutetofonexalmpledsenudehat a
urther attempt to read,th roqgr : shoul d be
made. Alt hougI?tftah%oweﬁ&flﬁp%ﬁ&%g?g&o%n% ﬁ@;ﬂ:&p&é@éggﬁﬁ%ﬁ%ﬁgttagl%ce)cna ogérr ecovery of
the di sc dri venifrepedtahe tajtempt tantsdnsfer dffie updrtecedoder ogians echlevedsbyrade it can
al so be uged ti@clﬁo@rﬁ%ﬁugbgﬁgré}ﬁ%g%cibr pRStOAE P MefRfLtoichablb aSdnaki & ecome

corrupted for an ason. he 1 nvention further provides a disc
drive conpri sifafieaasiiocihg ssasE d1 trapsfertieg thefodp ol it GeEHE epaved®on of the
disc drive in ghg8PONER sidted pREFaMTEdHRISNd to control the writing of program code
to the unprotected area of the non-volatile memory.
Thus if the transfer of updated code is not successful a visible or audible

15 warning may be produced which will inform the user that a further attempt to
read the program code from the host computer should be made. Although the
main purpose of this procedure is to enable recovery of the disc drive if a faulty
transfer of updated program code is made it can also be used to recover the
correct program code if it should become corrupted for any other reason.

20 The invention further provides a disc drive comprising a micro controller
for controlling the operation of the disc drive in response to program code
stored in a non volatile memory, the non volatile memory comprising a first
protected area where code is protected from erasure and a second non-
protected area where code can be re-written under the control of the micro

25 controller, said first area containing program code to enable the micro controller
to verify the integrity of the program code in the second area, means for
requesting updated program code from a hast computer to which the disc drive
is connected, and means for writing the received updated program code into
a random access memory (RAM), wherein the micro controller comprises

30 program code stored in read only memory which enables the microcontroller to
erase and re-write code into the second area of the non-volatile memory, the
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stored in a non volatile nmenory, the non volatile nmenory conprising a first
prot ected area where code is protected fromerasure and a second non-
protected area where code can be re-witten under the control of the mcro
25 controller, said first area containing programcode to enable the mcro
controller to verify the integrity of the programcode in the second area,
means for requesting updated program code froma host conputer to which
the disc drivevos928onnect ed, and means for witing the PEFEI¥#I22updat ed
program code into a random access nenory (RAM, wherein the mcro
controll er conprises 30 program code s#ored in read only nmenory which
enabl es the mcrocontroller to erase and re-wite code into the second
area of the non- voI the Printed fro

[ 25/ 1999
1657752 page e GiotelerBee anendscrrasgeriye 255 R SRR, bei ng
arranged, in cadotediritaren ofsies noreglatitst memarytand ther regd anly membey.ite t he fir st

area of -t ne nog oAl L ltP BRbYr ARtk fifin HRARANT Ynd BABRAY ardafot thg ansf er t he

updat ed program Cco e second area of- non-vol atile
nmenory. 5 Sucheravajitiiem@mone can be reprogrammed in the field to update its

functionality by @uewaduiae d?ﬁ&v d&hqg;r ABrERERmMED iR thé GBAYtodiSdatdlits Ot her
medi um which can be read by t host conputer, and transferred over a

standard i nt &petigoality By PWé"dHlSrPe\‘?’oqr%Q’P'f"em B AlopRY disronf 'Eerrd’& Poler. It
can al so be rghicRGhhWat Rddidy fhefhwi borﬁ;ﬁ.&eﬂ sid @ansfereadr ovepta standdrdt he program

code in the non volatile 10 C s if th ApPLOpE i rogram code
i s avail abl e {iEGFe fcbthFH\?“TYB %?Rﬂj e "?‘ﬁ@c?{ﬁ&fo 4 ‘% c??ﬁ?el?é)$ ®%atures and
advant ages of adtiveatet meeradii :@ﬁummd ih cdﬁﬁjptlampfahemetfanmude lirethe obh golatilg

descri PN, Doy o 0O BIRL S oo o IR R vl IS LR Wi L1

reference’to ure a blo
di agram of ancaomputeral di sc drive accordl ng to the invention, Figure 2 S a

bl ock di agram showiagnfk GAEEHEF fedftedl dndt LFaMtBEER" FARE RVEARA will be

apparent from the following description, by way of example, of an embodiment
of the invention with reference to the accompanying drawings in which:-

Figure 1 is a block diagram of an optical disc drive according to the
invention,
Figure 2 is a block diagram showing in greater detail the interconnection
of the system controller, block decoder/host computer interface, and program
20 code memory of the optical disc drive of Figure 1, and
Figure 3a and Figure 3b is a flow diagram illustrating a process of
restoring or updating program code in the program memory of the system
controller of an optical disc drive according to the invention.
Figure 1 shows an optical disc drive according to the invention in the
25 form of a CD ROM drive. As shown in Figure 1 the drive includes a system
controller 1 which may take the form of an 8051 microcontroller, for details of
which the reader is referred to Data Book IC 20 published by Philips
Semiconductors. The microcontroller 1 is connected via a bus 2 to a servo
control and three beam tracking circuit 3 which controls the movement of a
30 laser read head 4 relative to tracks on the CD ROM disc 5 via a bus 6 and
drive circuits 7. Signals from the laser read head 4 are fed to a preampiifier 8
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of the systemcontroller, block decoder/host conputer interface, and
program 20 code nmenory of the optical disc drive of Figure 1, and Figure
3a and Figure 3b is a flowdiagramillustrating a process of restoring or
updating program code in the program nmenory of. the system controller of an
optical disc -dyéamemgcording to the invention. Figure 1 Yaomssadd220pti cal
disc drive according to the invention in the 25 formof a CD ROMdrive. As
shown in Figure 1 the drive includes assystem controller 1 which may take
the formof an 8051 microcontroller, for details of which the reader is
referred to Data Book | C 20 published by Philips Sem conductors. The

ni crocont r ol | ahere itheycaiensrfit detova Hata 1sigeabwhigh gs fed Wip ac it Pof° @nd t hree

beam tracking dgh'bﬁlahﬁon%n‘ﬁ*ﬂrﬁhc&'%ﬁér%n%uft he ai®\ SkmgtcoRfrol 3ighlls wkichr 1 ead head
4 relative to tracks on dri.ve circuits

7. Signals fr@ff fedevia aus 1r1e'8dhﬁé5'3f°4?°8'|“5 apgghrﬁsl%garartéagglﬂg iFPU S8 printed
from m nosa OQjai?a‘Sfe},&:,%amﬂr@ &Hlo‘ﬁgme fedSroDaMBét DARR60REE demBBUIBRN22 5 where

they are split into a da

dem%dul at |58n ZRH eFPF GRITEC 9'}%“5’ 'Pgﬁ%?fraﬁlﬁ‘ éfﬁgg?%d@'rt%é %ﬁago@on(@r@l si gnal s
which are fedou\reateas 18U pidvidecautiiveoutpeitsval termirtaisol4 andd 5t ataerebe &romt r acki ng
circuit 3. representin r S ut put of
t he denodul at i %dlgc §Hﬁ§egr$%P%ggﬁrgé@ﬁ%%Q€dn§ o'uﬁ)u{ ?jthg dgmo’Glljl%ﬂlkfrrl‘eé fg to audio
digital to anarmguerre(dnem):lrcmdtﬁ)vterat ipek degodey Hr om%léo%tﬂﬂcéd%!uﬂplﬂﬂss at

termnals 14 goc]%ed Igﬂﬁ/lalgrﬁﬁﬁglsg frﬁﬂheéé‘@taﬁ’da?@mﬁeda@e {o3Kk Nés@c&n&!{ér 16 froma

second out put © ation and error correction cir éﬁlo to a

bl ock deceder enablingtigtasiodietranstesad to and frers the;Rost EompUHe PRRA 85 d al so

includes a st %@%&k'd&@dé‘ra‘?ﬁnéﬁakéﬂhehﬁﬁ oftamipiey eitedlércain alidh gthdt a to be
transferred to and fromthe corrpdéj e bl ock decoder

17 may take tHeATacHred a8 SP'thé(gP hips eé?'?@g}’%c’@d@ﬁ g'eelﬁ%ft 'er?“rFﬁﬂ‘tﬁ actured

and sold by PPBAAmm SanhigpsdsLe bdihe demdeuiatidneantyeprer carfestiamaieuit SAK7391. A
third out put

t he denndul at i a Iy [ is fed
Vs & 1ine 10 TebVE BB B b BOCuA] ufer EabERs @ ShlLtirteolel
controll egs 1‘Espe@daedtr$0dathas reddtfram the disad dtractesirerbdatpsates at a desired data
rate. A bus 21 interconnects the system microcontroller 1, the demodulation

and error correction circuit 10, the block decoder 17 and a FLASH memory 22
which contains the program code for the system controller 1. A latch 23 is
provided to allow address bits AD7-ADO to share the bus with data bits D7-DO.
20 A user interface 24 is connected to the microcontroller 1 via a path 25 to
enable user commands to be input, for example to open or close the drawer for
loading or unloading the disc and to enable status indications to be made, for
example to illuminate an indicator to show that the drive is in operation. A
number of control signals from the microcontroller 1 to the FLASH memory 22
25 are fed over a path 26.

The disc drive shown in Figure 1 operates conventionally to read data
from the disc 5 and pass it to the host computer and will access appropriate
tracks on the disc 5 in response to instructions passed from the host computer
using the system controller 1 operating in accordance with the programs stored

30 in the FLASH memory 22.
When, however, an operating system update is received by a user
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A bus 21 interconnects the systemmcrocontroller 1, the denodul ation and
error correction circuit 10, the bl ock decoder 17 and a FLASH nenory 22
whi ch contains the programcode for the systemcontroller 1. Alatch 23 is
provided to allow address bits AD7-ADO to share the bus with data bits
D7-DO. 20 A user interface 24 is connected to the mcrocontroller | via a
path 25 to enable user commands to be input, for exanple to open or close
the drawer foM™OBERM ng or unl oadi ng the disc and to enaBFEIRS¥PRs. -

i ndications to be nade, for exanple to illum nate an indicator to show
that the drive is in operation. A nunBer of control signals fromthe

m crocontroller 1 to the FLASH nenory 22 25 are fed over a path 26. The

disc drive shqun 4n Figure 4 QRSY 3LeRaGORKCOLLOPRbliRG (Fdfndigha Trom t he

disc 5 and pa corrpu er and w | ccess appropriate tracks
on the disc Sfrom thes hostseorhputémsnd de treesive pad stefefif dina IMOré BSEUrCoNpUL er

usi ng the syStamdombdP! i phioPPgt V\W“ | TiRe Car daiRa Wiy rdciRing! 00" 2
stored 30 |n FL menory however, an operati n‘? system
update is recé’P%‘édeSté?P@E'ér Pfqgfﬁ"ﬁt Betryctiens Pdhe @‘6’["2"87"‘1‘13'99 6''57: 52 page

-7 WO 98/ §929§f ﬁ&%ie@%ﬂ%%&he ﬁfl_}\sﬁ rérfi6ry 12i Wisich E?jr&fot Bé@eékeﬁcan‘dESd t he new
progranm ng i nfor om.t ter and t nd store it
in a nore secfeh %h‘f d‘ﬁ"e["ﬁéﬁh‘?/\ﬂqqraﬂ? 'ﬁ?’ﬁl}y?“d’? eéeS?ﬂfﬁ Fﬁgghl eved by

i ncl udi ng  basieindrp @2sisr @pipietg gpd ageamupteds aind darthen prégram tihstrustiansocont r ol | er
1in5 a protect ortion qf .t hg FLA y 22 a e erased
and which chérl:kg8 e?'ﬁh‘?&{eﬁe 'ré)rﬁ'ar m Pﬁ%&ﬁn%rtlﬁntw ﬁﬂhé}r gg’?érg t he FLASH
nenory 22 is dwhpttens dethguribeser upquiddaricl foahle theprmigroaantraliet rigcti ons  in
ROM enbedged 'trgnéfgﬁa%cﬂro?r?ﬁ%téﬂw|1%rto:khe FORSH Widnitiy 2B Qﬂnrnﬁéﬂuehfystifr uctions

bei ng t hoSe require he mcrocontroller to 10 transfer data from
the RAM 18 to 2t hewsrl fmiMensnePprignzed wdvae fseiR iy ) thg progeamy GRER B9 ure i s

experienced WRiLaq 85H! Bcth ithe tFIRSAT AEMBAY 2P UBed¥REEIGt agiearedftér @@ bot h the
FLASH menory 22 (because it appears after the
microcontroller 1 has performed the erase function but before it has
written the new code from the RAM 18) and from the RAM 18 the drive can
15 recover by re-reading the program instructions from the host computer
as there are sufficient program instructions in the protected part of

the FLASH memory 22 and the ROM within the microcontroller 1.

Figure 2 shows in greater detail the interconnection of the

20 microcontroller 1, the block decoder 17 and the FLASH memory 22. The

microcontrolier 1 is connected to the block decoder 17 and the flash

memory 22 via an address bus 200 which conveys address bits A15 to A8

and via a combined data and address bus 201 which conveys in time

multiplexed form either address bits A7 to A0 or data bits D7 to DO.

25 A bus latch 202 enables address bits A7 to A0 to be held while the data

bits D7 to DO are applied to the bus 201, the address bits A7 to A0

being applied to the FLASH memory 22 via a bus 203. The latch 202 is

enabled during normal operation of the disc drive by a signal address

latch enable (ALE) produced at an output 204 of the microcontroller 1

30 and passed through a muitiplexer 210. During re-programming of the
FLASH memory 22 the latch 202 is enabled by a signal Flash Address -~
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m crocontroller 1 has perfornmed the erase function but before it has
witten the new code fromthe RAM 18) and fromthe RAM 18 the drive can 15
recover by re-reading the programinstructions fromthe host conputer as
there are sufficient programinstructions in the protected part of the
FLASH menory 22 and the ROMwithin the mcrocontroller 1. Figure 2 shows in
greater detail 'the interconnection of the 20 mcrocontroller 1, the block
decoder 17 andVQ &%t ASH mehrory 22. The microcontrol | er PETIR88Rhect ed to
the bl ock decoder 17 and the flash nenmory 22 via an address bus 200 which
conveys address bits Al5 to AB and vid a conbined data and address bus 201
whi ch conveys in time multiplexed formeither address bits A7 to AO or

data bits D7 b Quh@nap PALEPorbAlEl gt .%(&?J&Bﬁt%u@ﬂ%ﬁﬁﬁoﬁkb&r?a%w AO to be

hel d while the re applied ! t he address
bits A7 to AQViapmepitinigxer 30 eqntrolias by nsionahERMuy Whichjs grogueadsatams . The

llatch 202 is o%ﬂﬁpbsﬁ 204 "df kb Wr&&htr&@?ﬂahhéhndéﬁ |§ teendlbagedifroeoy a si gnal
address | atch ena

pr oduced at an 4 of
ni crocont r ol | dyritien 3@‘%&'&? d')éﬁé'd MEMB Af n§ 151 @& a"é‘lgbg[ﬂr &g
r e- progr angm ngnigfocéi@lier - plovidetread ﬁn&ﬂmtmeorﬁtat sibnals) 2espmctivebblte theby a si gnal

Fl ash Add Pri f M 6/ 1 98/ 59296
T S BCT] | os; s asese 7 e CHRRC g DR Bt s R AR rLASKE PO P e 1
at an out put mpaarhor? 22 when &LASK memiotyi yridelingis fakingpace vigld redtinxer 208i gnal  FPMux
which | s prodysetn fiodidr 27! Biihg RBfito1éd byOthe tggawﬂmspgsm&b&rb when data

is to be erased fro menor ts 205 and
206 of the 5 nher wierontspliesr 11 pr Vi d@JtFPléaaoﬁnﬂf wihet é“"?!@?ﬁ"l“@\'e’m gnal s,

respectively, ptra”&eigea H%%Elﬁ %Fé)@ﬁémelé nadiaBich .goa,dnéd)\gbe@ a read

control signal menor ASH ne % F(?atl I s taking
place via a rrﬁ'I‘th" pﬁ%@ePf QG?F'-A%*FIé“?ﬁ]‘PWl?Fﬂ é%ewezﬁ?'t'ﬂﬁﬁﬂgﬁ oft by t he
si gnal FPMix gRgseatRé miYro &deroldrcr @cfl(éﬁédsﬁldregraﬂ: cd&& footh pbé RRASHOf t he

Irlcgggloln;(rjolt loeréﬁ{rlmry ZBr (c)i\tflllndgesno?mgl 0 era{% edn(nI;Q I%Ql)fu%hgnal whi ch
muiltiplexer 212 controlied by the sugnal FPMux inhibits reading of '
15 data by the block decoder 17 during the re-programing of the FLASH
memory 22. A signal FWR is produced at an output 213 of the
microcontroller 1 to enable program code to be written to the FLASH
memory 22 while a further signal FPen is produced at an output 214 of
the microprocesor 1 to apply an enable voltage to the FLASH memory when
20 it is desired to erase and re-write program code. In normal operation
of the disc drive no voltage is applied to the FLASH memory 22 by this
signal so that inadvertent modification of the FLASH memory 22 caused
by program faults is suppressed. An input 215 receives a reset pulse
when the drive is switched on so that the microcontroller 1 and FLASH
25 memory 22 are set to an initial state where the microcontroller 1
starts to read program instructions from the protected area of the
FLASH memory 22 and the contents of the FLASH memory 22 are checked to
ensure that they have not become corrupted. A further output port 221
of the micro controller 1 provides address bits A16 and A17 to enable
30 a larger capacity FLASH memory than can be directly addressed by the
micro controller 1 to be used the FLASH memory being divided into a -
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I nput 220 of the FLASH nenory 22 via the nultiplexer 207 and which enables
the mcro controller 1 to access program code fromthe FLASH nenory 22
during normal operation of the disc - drive. A further nultiplexer 212
controlled by the signal FPMux inhibits reading of 15 data by the bl ock
decoder 17 during the re-program ng of the FLASH nenory 22. A signal FWR
I s produced at "an output 213 of the mcrocontroller 1 to enable program
code to be wiVveeass9e the FLASH nenory 22 while a furt hiCTABWMAR2 FPen i s
produced at an output 214 of the mcroprocesor 1 to apply an enable
voltage to the FLASH nenory when 20 it 8§ s desired to erase and re-write
program code. In normal operation of the disc drive no voltage is applied
to the FLASH ne nal so that inadvertent nodification of

2 b hi '
the FLASH mendi{l fgocsfﬁg'é‘ﬁetly %@"%ﬁgégPsiPﬁsf aults is suppressed. An input 215

recei ves a reset plihes&LASHamerhorg 22 invledéss basid bodtstrhpping sryograat codee
m crocontrol | g %1 @r&%le’g H{&éﬁ thpeﬂ‘Bﬁn B&dic Fu‘ﬂct?d?ls'a’ﬁhtt? Zhedd @t € where
st ar 0 rea

t he mcrocontror] program instructions fromthe
protect ed ar eavhsther the FLP’LS&BFBW)@Q@"&&MW’H@%’CM?@W@@? to ¢nable ASH menory

22 are Cheﬁke%é lec @ﬂ?éJfoeopfehfl‘é christy. NfFvse ﬂﬁbllé@ﬁ&pfmtlr@diétéﬁﬁ @bt thy f ur ther
out put port 221 of the mcro controller 1 ovi d galﬁg%%eb' ts Al6 and

Al7 to enabl e PEREram cedgdyas @S%EP'HPtﬂA@I—? RF‘C?%%?na Pty
addressed by typBatelthé lpfogratiicoté has beert thalde, s sighal tabBidonditian in bei ng

di vi ded i Pri N M 06/ 99 1 WO 98/ 59296
PIC\'I/'; | ggs} ngzgespé’r”%f?g‘g?'cr ggéﬁ?ﬁﬁ?é‘l‘i‘? tﬁ%ﬁ?sig%few %’E*aéggm%g?ﬂ’}q{@ menory 22
i ncl udes basi Qhé)omg&mﬁqdpitm@egfn_agHmmmyiéz e potectad bteasf thed- LASH

m crocont ol | &?2 RIS B bpqﬁ%?m &H@gﬁécggssarﬂagngﬂe ﬁﬁ%igrlocmfgllﬁﬁr the

FLASH rrermr ai ns uncorr ramco di sc :
drive to opera@ eewmt@@m gperatipng lnduqhm mﬁﬁﬁﬁf‘sﬁf?@hcwwpﬂ frethgeisecsos that the

program code hag feed B Aéett@%e ﬁe@éssﬁ%moﬁhbﬁﬁb@%@c@eﬁiﬁnﬁ @R bt enpt to
updat e t he program code been nmade, it can si ﬂnal dault ondition in
computer into the dISC drive. The program code in the protected area of the

FLASH memory 22 also includes that necessary to enable the micro controller

15 1 to write the code transferred from the host computer into the RAM 18. The
micro controller 1 also includes program ROM which contains the necessary
sub-routines for writing program code from the RAM 18 into the FLASH
memory 22. Consequently, even if the program code is lost from the
unprotected area of the FLASH memory 22 and from the RAM 18 it can be

20 reconstituted from the code supplied on floppy disc (or otherwise) using the
host computer interface. Itis, therefor,unnecessary for the user to resort to the
manufacturer or a service organisation to restore the disc drive to working
condition but rather it is only necessary to re-run the program mode to transfer
the code from the host computer.

26 While in this embodiment low level code to perform the writing of data
into the FLASH memory 22 is included in program ROM within the micro
controller 1 and higher level program code is inciuded within the protected area
of the FLASH memory this particular partitioning is not essential to the
performance of the invention but is of particular convenience in this

30 embodiment. The code in the micro controller 1 contains particular sub
routines which can be selected according to the particular type of FLASH
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response to which the user can cause the host conputer to attenpt to
re-wite the programcode to the FLASH nenory 22. The protected area of
the FLASH 10 nenory 22 includes the program code necessary to enable the

m crocontroller to performbasic operations including indicating a fault
condition to the user so that the user is alerted to the necessity to | oad
the program code fromthe host conputer into the disc drive. The program
code in the pR®Eed area of the FLASH nenory 22 al so PRETRISRS22t hat
necessary to enable the mcro controller 15 1 to wite the code transferred
fromthe host conputer into the RAM 189 The nicro controller 1 also

I ncl udes progran1RCNIwhich contains the necessary sub-routines for witing

de f the E 5 tly,
Pt he br ogr aegb(a oTieh g rHEHE rielonf e, i SLHH dpedoint® By BBV, 00T
22 and from t bidlldgAN thé aittthateFLASE Bémorissorreduced thy differentimangfasburrssuppl i ed on
floppy disc (pf u%nﬁ* rﬁfap{eh%ibﬁbgtc} Bfce %ﬁ;or%ﬁpl&lé%r tol {heRY %ﬁ&ﬁ'\esht s,

therefor, unnecessar e\p%o user to resort manuf acturer or a
service organseuencss tate reberedrfor thanugibst dr differeplo MasateRgWithinn@Pt i on but
rather it s R{Erelcda'f‘rsrf‘e'?%m TRud frel il 4R MEMEHARITB ML bshfhedRsher  the
code fromthe host corIT_'Puter 5 Wile in this ﬁ@;ﬁjl nmen hI owlgvel code to
perform t he wengienfg-AstH qmemery FVrFPPoa”th@el'—T'ﬁSI-F% 053 ']° PIRIUGBd i n
program ROM wrdphddia h\@dm&d:ﬁeremqmeralﬁlﬂsmm%dym gdeer | evel program code is

I ncluded within t ro ecte area of FLASH, neno S prtlcular
partitioning is n § i Fa°wt giapiag '"B%tF gr?ancgggf a[cﬁortdnx vent'®on but is
of particular memcamf entering programsco86 inknthe dpnesiatile Miemotyo dn $witchles nicro ‘

control ler 1 pgaap?lsg% \t)é &ul %61 q%ﬁﬁ&%ﬁ%@# %@%&Pt%ﬁeﬁﬁg%ﬂhsm ed

accordi ng %o I'cul'ar ty fromm a 06/ 25/1999
16: 57: 52 pagecomentv\@f@&/ Bmﬁsmm 22.8B@030L T@snﬁe%’fqrmeérunéw B non

latil | th t
Yﬁa? ::Lisgeg%%t{&eﬂ??g! %Emv‘dc'léttuc{?@sa&we@clhQh@cbr&t‘cté@% of $id IFLAGHI n the ar
n

f erent manufacturers uire different
oper ations t om&mes: 2. matmnpétmaﬁ%%mﬁwem Znyh ‘P'P\ég'@mtgﬁ%tﬁ‘?

stored for a pHARGIREretohtr&! Fie EHREBRS RFomeddiuBedsbfally, output Y of the
15 Box 303, then the process ends, Box 304. If the check indicates that the

es are

program code in the FLASH memory 22 has become corrupted, output N of
Box 303, then a request is made to the host computer for the supply of
uncorrupted program code Box 305. The most likely cause of corrupted
program code is a power supply failure at a critical time during updating of the
20 program code as discussed herein before. A loop is then entered in which it
is detected when the host computer responds to the request, Box 306, and
when the disc drive detects a response from the host computer it enters a
program mode, Box 307, in which it prepares itself to receive the program code
from the host computer and to write it into the FLASH memory 22. The first
25 process in this procedure is to read N-bytes of program code from the host
computer, Box 308. These N-bytes are stored in the RAM 18, Box 308. The
next step in the procedure is to activate the FLASH memory program, Box 310,
that is the program which enables the microcontroller 1 to erase the program
code from the target area of the FLASH memory 22, Box 311, and then to
30 transfer the N-bytes of code from the RAM 18 into the selected locations in the
FLASH memory 22, Box 312. A check is then made, Box 313, as to whether
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5 mcrocontroller ROM Thus the disc drive nmanufacturer is not confined to
a single FLASH nenory type and the mcro controller does not have to be
reprogrammed if a different type of FLASH nenory is used. Figure 3 is a
flow diagramillustrating a nethod according to the invention of entering
program code into the non volatile menory. On switch on 10 the optical
disc drive, Box 301, the first operation is to check the integrity of the
contents of tMEOPERIH nenory 22, Box 302. This is perfor REHRIFEMI t he
control of programinstructions stored in the protected are of the FLASH
memory 22, i.e. that part of the FLASHGenory 22 which cannot be erased
under softmare control If the check is perfornmed successfully, output Y of

the 15 Box 30dy ylef}iborhioRb g{ﬁéen%%fegg?ﬁn@@ﬁnﬂ foBSFIBEN qul cates that

the program co eco corrupte out put N of
Box 303, thentcathe@cﬁfééﬁof@mﬁa@léothatthﬁeemg?vtw?ﬁmg@mme arefetehedpl y of

uncorrupted prag M\ H&d@mﬁ&ﬁeﬁ% thIf‘sQedEDm&stﬂatelﬂetLWB(sﬁetS@aOtB PIQF 4rdpt ed
program code i s a power ure uring updating

t a C
of the 20 proffiP&misdotd! %%tthé‘é@%EWqﬁs eﬁ"H@F?ﬁ?’éedaAWP’%ng”ﬁ RIO¢4$&n ent er ed
in which ist has d@éraszirmbwm@ahéchefﬂneaﬁegrwrafmepsrogmp@udmtheFLASHrequest,

Box 306, and _when e disc 9? ect.s resnooq e ,g htost conput er
it enters a PIEGYH rﬁ)ﬁir"eq_%&{t 6"7 4 ?‘F’ﬁ'? ilge g’?}) %% 0 receive
t he pr ogr am cedlethef thermansfer Imweeneuqn:a!ssiullyaccbmpjlsbcd tiésa the priceduree FLASH
reTory 22 o Byl bk a7 B EERe pbcbdlrg BB R ok ke ol L5 O
t he RAM 18, Bgamsmgr ls"rwedrfexnrowee@q progras ﬁPQﬁ:éﬂ@uraefliﬂﬁe't attegentitpat e t he

FLASH menpry paRgécie pﬁsafarﬁlaede totth@FLA§HHh‘?ndN ersanwml ch enabl es the
m crocontroller 1 to erase eﬁﬁgram code fromt et .area of the

FLASH menory 22, Bdapeye pr&ﬁ%f’“f E"??smwtt'i’ed'?fgﬁ@m‘i g'sl\lgﬁ eddn B code from
the RAM 18 InFQASHemamb@cnzadvhb@matsl @eiectéd) oh hawitchrloASHa# g yoeddmeBox 312. A

O S e T ek, ralc e sl ndd T B oL 25 pooe
been transfer reemhoartde|cbrramtprbgrempnbde¢ﬁmeeFH.m}pmebmqk22 by an updated
15 version which may give the disc drive additional functionality. In this case the
host computer issues a request, Box 317, to the disc drive to update the
program code. This causes the disc drive to go into program mode, Box 307,
and the procedure for updating the program code follows the same steps as

that for restoring corrupted program code.

20

From reading the present disclosure, other modifications will be apparent
to persons skilled in the art. Such modifications may involve other features
which are already known in the design and use of optical disc drives and
component parts thereof and which may be used instead of or in addition to
25 features already described herein. Although claims have been formulated in
this application to particular combinations of features, it should be understood
that the scope of the disclosure of the present application also includes any
novel feature or any novel combination of features disciosed herein either
explicitly or implicitly or any generaiisation of one or more of those features
30 which would be obvious to persons skilled in the art, whether or not it relates
to the same invention as presently claimed in any claim and whether or not it
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to the process of Box 308 so that the next N-bytes of program code are
fetched fromthe host conputer and the steps illustrated by Boxes 308 to
312- are repeated until all the program code has been transferred. Wen
this process 5 has been conpleted a check of the integrity of the program
code in the FLASH nenory 22 is carried out, Box 314, and a decision is
taken, Box 315, as to whether the transfer has been successfull¥ '
acconpl i shed. W9 9888% he procedure ends, Box 316, but if PGEAB®AE2r ocedure
| oops back to Box 305 where the host conputer is asked to provide the
program code and a further attenpt to M0 transfer the programcode to the
FLASH nenory 22 is made. The above procedure descri bes how the program code
is restored i on t hat
it has becorrer;lmﬂ ?esg ?ﬁaﬁ[ﬁcgﬁéé(lsé%g %ldﬁﬁ Iph%le‘i‘lﬁst Sgtd%gshl(ﬂgé g}rlgg%gﬂure when
it is desired l'lVGNt'QprI dbe anplicanty hergby ;ﬂwﬁgﬂaﬁﬁﬁc@éb"m ¢#@s pnaGiereory 22

by an updat ed férﬁm\é@éoetmcMéames@Md/ei YénbidtioRd BCsubhi fegtudd Guking
functionality. In this case the host conp ter #ﬁ$ues ﬁg@@ggest Box 317,

to the disc drPresscytion eftae é”?ﬂ‘?@t apRligRfioq A & PRl REVES sc drive
to go intg preggredmode, Box 307, and the procedure for updating the
program code follows the sanme steps as that for restoring corrupted
program code. 20 Fromreadi ng the present disclosure, other nodifications
wi |l be apparent to persons skilled in the art. Such nodifications may

i nvol ve other features which are already known in the design and use of
optical disc drives and conponent parts thereof and which nmay be used
instead of or in addition to 25 features al ready described herein. Al though
claims have been formulated in this application to particul ar conbi nations
of features, it should be understood that the scope of the disclosure of
the present application also includes any novel feature or any novel

conbi nati on of features disclosed herein either explicitly or inplicitly
or any generalisation of one or nore of those features 30 which woul d be
obvious to persons skilled in the art, whether or not it relates to the
sane invention as presently clained in any claimand whether or not it
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WO 98/59296 PCT/1B98/ 00922 11 mtigates any or all of the sane techni cal
probl ens as does the present invention. The applicants hereby give notice
that new clainms may be formulated to such features and/ or conbinations of
such features during the prosecution of the present application or of any
further application derived 5 therefrom Printed from M nosa 06/ 25/ 1999
16: 57: 52 page 13 WD 98/59296 PCT/1B98/00922 12 CLAIM5S 1. A nethod of
updati ng progMhisE®¥e held in a non volatile nenory 5 f&FT/EBIS/W00922 -

m crocontroller which controls the operation of an optical disc drive
connected to a host conputer, the metH&d conprising the steps of; 1).
providing in a protected non-erasable area of the non- volatile nenory a
basi ¢ operating program code which enables the mcro controller to check
the integrity of the 10 program code in the remaining unprotected area of
the non-vol aClAMSenory and to request and receive program code formthe
host conputer, 2). providing in a read only nenory of the mcrocontroller

low Ievel program code which enables the micro processor to 15 erase data
fromand wite datla t o?methodapyrseting RFeoramegde peld Wf%‘%dﬁ'@'&l“ﬁ"ﬁ‘qr&é menory,

3). requesti nﬂr@’ﬁ’ué?@é)tntr&lwm&f cérft’ro!%ufh@%s)ekﬁlldﬁltcﬂchnpbﬁméﬁmsc(‘dme, 9.
writing the updated p gramcodelnto ﬁ@g om acc ry (RAM within

the disc driv nngytedéqa PstiFopPUigH dhs mEHIed CPRTISRY ﬁagéﬁpsa??eel ected portion
of the unprotected arpa oprovidingnare paltedted sonvenasable aesadofthe momansferri ng

the updated program code f rélé“mé rﬁ’?em%e‘yMa' Qés?c operating program code which
enables the micro controller to check the integrity of the
10 program code in the remaining unprotected area of the
non-volatile memory and to request and receive program
code form the host computer,
2). providing in a read only memory of the microcontroller low
level program code which enables the micro processor to
16 " erase data from and write data to the unprotected area of
the non-volatile memory,
3).  requesting the host computer to supply updated program
code,
4). writing the updated program code into random access
20 memory (RAM) within the disc drive,
5).  erasing program code from at least a selected portion of
the unprotected area of the non-volatile memory, and
6). transferring the updated program code from the RAM into
the selected portion of the non volatile memory.
25
2. A method as claimed in Claim 1 comprising the further steps of;
7).  checking the integrity of the transferred program code, and
8). repeating steps 3) to 6) if the integrity check fails.

30 3. A method as claimed in Claim 1 or Claim 2 comprising the further
step of activating a visible and/or audible indication if the integrity check fails. -
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the selected portion of the non volatile nenory. 25 2. A nethod as clai ned
in Caiml-conprising the further steps of, 7). checking the integrity of
the transferred program code, and 8). repeating steps 3) to 6) if the
integrity check fails. 30 3. A nethod as clained in daiml or daim?2
conprising the further step of activating a visible and/or audible
indication if the integrity check fails. Printed from M nposa 06/ 25/ 1999

16: 57: 52 page WP48/A¢9698/ 59296 PCT/ | B98/ 00922 13 4. A nRETHBW B2 ¢l ai med
inany of Clains.-1 to 3 in which the non volatlle menory is a FLASH ROM
5. Amethod as claimed in any of Clains'31 to 4 in which the optical 5 disc
drive is a CD ROMor DVD ROM drive. 6. A nethod as clained in any of Claims

| to 4 in which thg disg COLARRYS and Bt Crairfi1 R811f nic 1AE nBh ! Ve

conprising a mcro contrgllleﬁhOd %or contr ol I'ng e operation of the disc

drive in respovaiatie memongis afld§#tROMored in a non volatile nenory, the non
vol atile nmenory conprising a first protected area where code.-is protected
fromerasure and a second non-protected area code can be re-witten

under the control & thdmethedgsciimedinasy of §!9E'EF ? ?9%("“&'?%"“?5’93?51“ ai ni ng

program coge t gsgm i§ at¢® ROM 6ODVDROMIdtigs. to verify the integrity of the
program code in the second area, neans for requesting updated program code

froma host conmputer to which the disc drive is connected, and neans for
witing the recei v&sd updatetrbdprsaigimed haohy of Claima 1 tash dowhige thestisaienor y
(RAM, wherei n, t he cro controller conprises programcode stored in read
20 only rrem)ry Eﬁ] ®enabl es the microcontroller to erase and re-wite code
into the second area of the non-volatile nenory, the mcro controller

being arranged, iR resR,QP&Eaf&s@d%%ﬁﬁﬂ%§;n,@,gqoﬁfrgﬂe,pfbpggr@m"ﬁgde in the

first area of the non volatile menor he read onsgqgrrermr
transfer the uf@aaresatiopodgicadiscdine mrr@mof\??etowmrﬁw ode SSueH 2 BPBa of t he

non-vol atil e NpsEiY memory, the non volatile memory comprising a first protected area
where code is protected from erasure and a second non-protected area where
code can be re-written under the control of the micro controller, said first area
15 containing program code to enable the micro controller to verify the integrity of
the program code in the second area, means for requesting updated program
code from a host computer to which the disc drive is connected, and means for
writing the received updated program code into a random access memory
(RAM), wherein the micro controller comprises program code stored in read
20 only memory which enables the micracontroller to erase and re-write code into
the second area of the non-volatile memory, the micro controller being
arranged, in response to a user request and the program code in the first area
of the non volatile memory and the read only memory, to transfer the updated

program code from the RAM to the second area of the non-volatile memory.

25

8. An optical disc drive as claimed in Claim 7 comprising means for

indicating failure of the program code integrity check.
9. An optical disc drive as claimed in Claim 7 or Claim 8 in which the

30 RAM comprises RAM associated with a block decoder which serves during use
of the disc drive to temporarily store data read from the optical disc before
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25 8., An optical disc drive as clainmed in Claim?7 conprising neans for
indicating'failure of the programcode integrity check. 9. An optical disc
drive as clainmed in Claim7 or Claim8 in which the 30 RAM conpri ses RAM
associated wth a bl ock decoder which serves during use of the disc drive
to tenmporarily store data read fromthe optical disc before - Printed from
M nosa 06/ 25/1999 16:57: 52 page -15 WO 98/59296 - PCT/1B98/ 00922 14
transfer to tHOWERMS conputer. 10. An optical disc drive P& IRF8%ed i n any
of Claims 7 to 9-in which the non-volatile nenory is a FLASH nenory. 5 11.
An optical disc drive as clained in anj4of Claims 7 to 10 in which the
optical disc is according to the CD ROM or DVvD ROM formats. 12. An opti cal

di sc drive as aine 7 to 11 in which 10 the discs are
recor dabl e. Prt'%h?#g%dtpgﬁogtn%@nte )6/ 25/ 1999 16:57: 52 page -16

10.  An optical disc drive as claimed in any of Claims 7 to 9 in which

the non-volatile memory is a FLASH memory.

11.  An optical disc drive as claimed in any of Claims 7 to 10 in which
the optical disc is according to the CD ROM or DVD ROM formats.

12. An optical disc drive as claimed in any of Claims 7 to 11 in which

10 the discs are recordable.
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