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I nvention relates to a recorded I nformati on reproduc

appéra&us whi ch uses a nedi um such as CD- ROM ( Conpact Di sk- Read
(Digital Versatile Disk, Dgital Video D sk), DVD ROM
10 .DVD-RAM CDI (Conpact Disk-Interactive), DVI (D gital - Vi deo

Menorfy), DVD

I nteractive) or
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recordi ng/ reproduci ng appar at us i ncl udi ng such recorded i nformat
reproduci ng apparatus, and a : di sk drive which is a generic termfor
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apparatus, as well as a CBEBBE??t&BnWh'Ch such di sk
and also relates to an art

facilitates rewiti

DITRU DRIVES ANDACOMPYTERII pnent, and which is useful

Technical Field

The present invention relates to a recorded

information reproducing apparatus which uses a medium

such as CD~ROM (Compact Disk-Read Only Memory), DVD
(Digital Versatile Disk, Digital Video Disk), DVD-ROM,
DVD-RAM, CDI (Compaét Disk-Interactive), DVI (Digital
Video Interactive) of MOD (Magneto OpticallDisk), an
information recording/reproducing apparatus including
such recorded information reproducing apparatus, and a
disk drive which is a generic term for those
apparatus, as well as a computer in which such disk
drive is mounted, énd also relates to an art which
facilitates rewriting of a program for controlling a
recorded information reproducing operation or the like
of, for example, a CD-ROM drive mounted in a personal
computer as standard equipment, and which is useful
for applications to imprbve the reliability of

rewriting.
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for applications to inprove the reliability of rewiting.

Background Art 25 - Di sk drives such as CD-ROM drives have rapidly
spréad_as recorded information reproducing apparatus to be interfaced
wi t h ipersonal conputers, gane machi nes or the |like. Because such

CD- ROM dri ves or the like are based on standards for audio CD

pl ayers, 5 their data transfer speeds and data access speeds

require to be increased, as conpared with the audio CD pl ayers. In
addition, as opposed to the audio CD pl ayers which can use processing
such as interpolation of data or holding of previous values if data

error cangpireld @@ reeordeds UNForMRAETT MeprodRANd HfSerd tus
dat a for personal conputers and it is necessary to . | ncrease the data

error. correcti ngocbealinterifacedf wifth persond) RAviplrtiesss, game To
I ncrease data access speed, such a CD- ROM '
machines or:the like. Because such CD-ROM drives or
the like are based on standards for audio CD players,
5 their data transfer speeds and data access speeds

require to be increased, as compared with the audio CD
players. In addition; as opposed to the audio CD
players whicﬁ can use prbcessing such as interpolation
of data or holding of previous values if data error

10 cannot be corrected, such processing is meaningléss to
data for personal computers and it is necessary to
inc;ease the data error correcting capabilities of the
CD-ROM drives.

To increase data access speed, such a CD-ROM

15 drive or the like has adopted the art of reading and
reproducing--recorded information while rotating a CD-
ROM disk at a speed, for example, twice or four times
as fast as its normal speed, as by raising the
frequency band of a preamplifier for amplifying

20 information read from the disk, reinforcing a pickup
servo circuit, or increasing the operational speed of
a digital signal processing circuit. Furthermore, the
art of adding a quadruple error-correcting code to a

double error—correéting code has been implemented to

25 improve the error correcting capability of such a CD-



15 drive or the |ike has adopted the art of reading and ) fFebfoducing

recorded information while rotating a CD ROM di sk at a speed, for
exaﬁple twice or four times as fast as its normal speed, as by
ralswng t he frequency band of a preanplifier for anmplifying 20

I nfokmation read fromthe disk, reinforcing a pickup servo circuit,
or increasing the operational speed of a digital signal processing
circuit. Furthernore, the art of adding a quadruple error-correcting-:
code to a doubl e error-correcting code has been inplenented to 25
i mprove the error correcting capability of such a CD :

- 2- ROM drivBOM dri ve. However, today, the fact is
that the speed of . reproduction of recorded information is being
changed to a f gowkeslkgr todag] whehifact dsorthaierdhed spaed df

represented by CD-ROM drives. In the past, the
reproduction of recorded information is being changed

to a far faster speed within a short period, as

5 represented by CD-ROM drives. In the past, the

| reproducing speed was ehanged from standard speed (the
linear velocity of an audio CD during reproduction) to
double speed and then from double speed . to quadruple'
speed, in a cycle of two or more years, but today, the

16 reproducing speed is being rapidly changed from
sextuple speed to octuple speed or more in a cycle of
several months.

In such a situation, each time the reproducing
speed is increased, the manner of circuit control,

15_- circuit constants or the like must be changed in a
short period so as to chenge the frequehcy band or the
gain_ of the preamplifier, to reinforce the pickup
servo circuit, to increase the operational speed of
the digital signal processing circuit, to optimize

20 error-correcting processing, and so on.

If microcomputers are to be used for recorded
information reproduction control in CD-ROM drives or
the like, their reeorded information reproduction
control programs (including constant tables) must be

25 changed. If such a program is to be provided in the



reproduci ng speed was changed from standard speed (the | i near

vel ocity of an audio CD during reproduction) to " doubl e speed and then
frof doubl e speed to quadrupl e speed, in a cycle of two or nore
years, but today, the 10 reproducing speed is being rapidly changed from
sext ¥pl e speed to octuple speed or nore in a cycle of several nonths.
In such a situation, each tinme the reproducing speed i s increased,

t he manner of circuit control, 15 circuit constants or the |ike must be
changed in a . short period so as to change the frequency band or the
gain of the preanplifier, to reinforce the pickup servo circuit, to

increase the opebzin 8ok MASRIROM, a maskhpatit@irndlcavindalbed (Hfeifddd
circuit, to optimze 20 error-correctlng processi ng, and so on.

If i croconput ewsthbatt & Gelugednf eher aborvéedescribed fextRinielly short
reproduction control in CD-ROMdrives or the like, their recorded

i nformation repcypdiet bfinchange danthel reprgdacting speedi,nd .eonstamt t abl es)
nmust be 25 changed. If such a programis to be provided in the

- 3- extremely short product cycle.

5 Japanese Patent Laid-Open No. 6-187141 discloses
an arrangement in which a processing program for
reproducing recorded information from a disk or
recording information on a disk in a magneto optical
disk drive is stored in a rewritable ROM to facilitate

10 the bug-fixation or upgrading of the processing
program.

Specifically, the magneto opfical disk drive
includes a SCSI (Small Computer System Interface)
controller connected to a host and a driver cdnnected

15 to tﬁis controller, and firmware (processing.program)
for the controller is stored in a rewritable ROM and
firmware for the driver is stored in an EEPROM
(Electrically Erasable and Programmable ROM). If the
firmware for the controller is to be rewritten, the

20 host transfers the firmware for the controller to a
buffer memory in the controller, and.also transfers a
write program stored in the ROM in.the controller to a
RAM in the controller, and then issues a command to

the controller. When receiving the command, the

25 controller writes the contents of the ROM with the



form of* a mask ROM a mask pattern cannot be changed e mﬁfhodt.a'delay

in the above-described extrenmely short cycle of change.in the
repfoduci ng speed, i.e., an extrenely short product cycle. 5
Japanese Patent Laid-Qpen No. 6-187141 discl oses an arrangenent in
whi ckh a processing programfor reproduci ng recorded information from
a di sk or recording information on a disk in a magneto opti cal

disk drive is stored in arewitable ROMto facilitate 10 the
bug-fixation or upgrading of the processing . pr ogram

Specifically, the magneto optical disk drive “includes a SCSI (Snall

Conmput er Syst enkl pinRakaC€br the coirodle®’ stoHRCie the duFddr and a
driver connected 15 .to this controller, and firnmware (processing

program meinokhe dankteblrdance wtithedhien rewrdwe prldgratOfeld! in
firmvare for the driver is stored in an EEPROM (Electrically Erasable:
and Progranmmabl eh&ORpM.| fAt hehe sameftimeaas thist hewtdblingl | €heis to be
rewitten, the 20 host transfers the firmvare for the controller to a
buffer menory iwrihe poagram storeddial thet RQMsfisr also updated. If

5 the firmware for the driver is to be rewritten, the
host transfers a rewrite program for the driver to the
RAM of the controller via the buffer memory, and also
transfers the firmware for the driver to the buffer
memory of the controller. Then, a CPU of the

10 controller is made to execute the rewrite program
stored in the RAM. The CPU of the controller sets the
firmware for the driver and addresses in the RAM of
the driver in accordance with the rewrite progfam, and
then issues a command to the CPU of the driver. The

15 driver has a mask ROM which supports communication and
basic commands, and the CPU of the driver which has

- received the command executes the program of the mask
ROM and rewrites the contents of the EEPROM with the
firmware for the driver stored in the RAM.

20 However, in the above-describedlarrangement which
updates the rewrite program stored in the ROM,
together with the firmware for the controller during
the rewriting of the firmware for the controller, if
an abnormality occurs and the rewrite program in the

25 RAM is broken during the rewriting of the ROM, it is



wite programstored in the ROMin the controller to a " RAMin the

controller, and then issues a commnd to the controller. Wen
recéiying the command, the 25 . controller wites the contents of the ROV
with the ' -4- . firmare
for the controller stored in the buffer menory, in accordance wth
the rewite programheld in ‘the RAM At the sane tine as this
rewiting, the write programstored in the ROMis al so updated. |f

5 the firmvare for the driver is to be rewitten, the host
transfers a rewite programfor the driver to the - RAM of the

control ler via bhRpebttbliethaRniy takeg &lise to redowdisfdies dditcdfdrIeere for
the driver to the buffer menory of the contraller. Then, a CPU of the .
10 control | er tosthedaokrmadxstute.t he rewite program stored in the
RAM The CPU of the controller sets the firmvare for the driver and

addresses_in t he RAMIof the arrangement in which a rewrite control
program fér the EEPROM and an interface program for
5 rewriting are stored in the mask ROM separéte from the
EEPROM.which holds the firmware for the driver, the
mask ROM is needed in addition to the EEPROM, so that
the physical scale of a system is increased. 1In
addition, although the mask ROM is externally attached
10 to a microcomputer or a microprocessor which is a
semiconductor infegrated circﬁit, the amount of logic
required for chip select control and the like over the
externally attached memory increases, and in this
respect aSZWell, it is expected that the physical
15 scale of the disk drive increases.

' In the above-described prior art, the firmware
for the driver and the firmware for the controller are
separately stored in the rewritable ROM and the
EEPROM. The firmware for the driver is a control

20 = program which corresponds to the characteristics of a
servo control circuit and the like included in the
driver. The firmware for the controller is a control
program for realizing interface specifications which
correspond to the host. The reason why the processing

25 programs for the magneto optical disk drive are



the dri*ver in accordance with the rewite program and ~°  then issues a
command to the CPU of the driver. The 15 driver has a mask ROM whi ch

supports communi cati on and basi ¢ commands, and the CPU of the driver
whi ch has : recei ved the command executes the program of the nask

ROM and rewites the contents of the EEPROMwi th the firmvare for the
driver stored in the RAM 20 However, in the above-described
arrangenent which updates the rewite programstored in the ROM
together with the firmvare for the controller during the rewiting of
the firmware for the controller, if an abnormality occurs and the
rewrite progr anbéﬁakbte1§5stoﬁ§é|&| lig) lth@k%vﬁliltlama koM ed tthrg BEPROME ROM
it is - 5- expect ed t hat

it takes tine tmsrehatethéheommmbﬂoptegram fort ¢heheomtmodllext atan be
In the arrangenent in which a rewite control
executed in conformlty to interface specifications
convenient for a driver adjusting operation during the
5 manufacture of the magneto optical disk drive, and
after the control program for the driver is set, the
control program for the controller can finally be
rewritten according to interface specifications
intended for the desired host. This is intended to
10 simplify adjustment operation and product control for
the magneto optical disk drive. However, the present
inventor has made it apparent that in the arrangement
in_which the control. program for the controller and
that for the driver are separately stored in the ROM
15 and the EEPROM, the sequence of rewriting of the
control program is complicated and it takes time to
rewrite the control program.
The rewrite program for the ROM of the controller
is held in the ROM itself, and the fewrite program for
20 the EEPROM of the driver is held in the mask ROM. As
a result, if the CPU runs away during the operation of
the magneto optical disk drive, the rewrite program
stored in the magneto optical disk drive itself is

undesirably executéd, so that the contents of the ROM

25 or the EEPROM may also be broken.



program for the EEPROM and an interface program for 5”'frewwiting are

stored in the mask ROM separate fromthe . EEPROM whi ch hol ds the
firfmvee for the driver, the nmask ROMis needed in addition to the
EEPROM so that t he physical scale of a systemis increased. In

addi tion, although the nmask ROMis externally attached 10 to a

.m croconputer or a mcroprocessor which is a sem conduct or integrated
circuit, the amount of logic required for chip select control and the
| i ke over the . externally attached nmenory increases, and in this
respect as well, it is expected that the physical 15 scal e of the disk
drive increases. In orderl Bot facdhdtatdettie opedration af cHdmying mar e
for the driver and the firmmvare for the controller .are separately

stored in the rethei pabtesRihgapttogiram and tHEPRAMe ©ife o idiskardx ifwe, t he -
driver is a control 20 pr.ogram whi ch corresponds to the characteristics
of a ser vbheopresenti inventandpendorimed fusthead investdgationsiri ver.

The firmvare for the controller is a contral program for_realizing
interface speci £remt tbasvipvpaint of §Hﬁré§ﬁ6ndr989tﬁésﬁ&ﬁ anthdxamyson why

the processin 25 rograns for the na net o i ca dISk drive are
-6- P 5 g the v1gwp int of an 1nter ace w%%h h

In the first place, the present inventor
investigafed a case in which a microéomputer in which
an electrically erasable and programmable nonvolatile
memory was built was used for control of the disk

10 drive, and an application program for the disk drive
and an input control program for controlling the fetch
of a downloaded application program were stored in the
nonvolatile memory and, if necessary, a rewrite
control program was also stored in the'samé. In this

15 case, the application program is’a program which
includes a processing program for disk access (access
control program) and an external interface prdcessing
program for the disk drive (ihtgrface processing
program). -

20 In the above case, the pfesent'inventor made.it
apparent that there still were several problems to be_'
solved.

One problem is that if the disk drive itself
holds the write control program and the input control

25 program, the write control program and the input



separately stored in the rewitabl e ROM and the EEPROM I's that the
control programfor the controller can be _ executed in conformty to

i nterface specifications convenient for a driver adjusting operation
during the 5 manuf acture of the magneto optical disk drive, and

after the control programfor the driver is set, the control program
for the controller can finally be rewitten according to interface
speci fications’ i ntended for the desired host. This is intended to 10
sinplify adjustnment operation and product control for t he magneto
optical disk drive. However, the present I nventor has nade it:

apparent that igohbLodlpRogeamninust noti Bewingkcbherablyr drogengioam for the
controller and that tor the driver are separately stored in the ROM

15 and the EERHM dtbéngethenweibingeuwfi thegapplilbation progmamoel program
Is conplicated and it takes tine to rewite the control program
The rewite propfathéowrihe @OnMuvblt progoams okl he inputi condr@lin t he ROM
itself, and the rewite programfor
. program is broken or lost, it becomes difficult to
5 subsequently rewrite the application program.

Another problem is that the rewrite control
program and the input control program which are held
in the nonvolatile memory of the microcohputer itself
must be highly reliable.

10 In the second place, the present inventor
iﬁvestigated an art which makes it possible to easily
change the application program and the like, in view
of a situation in which computers such as personal
computers are provided with disk drives as standard

15 equipment. -
| Today,+-almost all hard disk interfaces for
computers such as personal computers (hereinafter also
referred to simply as PCs) conform to IDE (Integrated
Device Electronics), and PC (Personal Computer) boards

20 have a plurality of (for example, four) IDE interface-
ports. A description of IDE is given in NIKKEI
ELECTRONICS, pages 67-96 (published by Nikkei Business
Publications, 'Inc., June 6, 1994). The term "IDE"

used herein includes not only IDE but also a concept

25 such as a so-called enhanced IDE which is also called



20 the EEPROM of the driver is held in the mask ROM As

first place, therpasesamh i nveAhahced IDEFNYestEgtended q@Ee i nImhthé a
in which. ‘an electrically erasabl e and progranmabl e
- IDEntnoeyfaee bpettificatieed,f thecdengdh off tame di sk 10

m cr oconput er

nonvol atil e
and an application programfor the disk drive

drive,

10
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20

25

interface cable is extremely limited, and the
interface cable can normally be used as an interface
with a peripheral mounted in the case of a PC. Today,

almost all PCs have CD-ROM drives in their expansion

" slots or drive bays as standard equipment, but in. the

paét, CD-ROM drives were generally externally attached
as an option. Fdr this reason, interface
specificatiqns for CD-ROM drives initially develéped
in conformity to SCSI or SCSIZ2.

However, the SCSI interface ié generally regarded
as an optional interface, and if a CD-ROM drive is to
be connected via the SCSI interface, a SCSI interface
board or a SCSI interface PC card are especially
needed, so-that costs increase as a whole. In
general, IDE controller LSIs (Large Scale Integrated
circuits) are inexpensive compared to SCSI controller
LSIs. -

To cope with this problem, ATAPI (ATA Packet
Interface) has been adopted, and interfaces with PC
boards have been realized in conformity to the IDE
specifications, and commands conforming to SCSI or
SCSI2 have been adopted. Owing to ATAPI, a CD-ROM

drive can be mounted in a.PC without the need for a

- 10 -

a result,
I f the CPU runs away during the operation of . t he magneto optical disk
drive, the rewite program stored in the-nagneto optical disk drive
itself is undesirably executed, so that the contents of the ROM 25
-or the EEPROM may -al so be broken. - - T-
In order to facilitate the operation of changing t he processing
program and the |i ke of a disk drive, the present inventor perforned
further investigations fromthe viewpoint of the disk drive itself
and from 5 the viewpoint of an interface with a host. In the



and an*input control program for controlllng t he fetch

downl oaded application programwere stored in the

of a
nonvol atil e nmenory

and; :if necessary, a rewite control programwas al so stored in the
sanme.-In this 15 case, the application programis a program which

i ncludes a processing programfor disk access (access

contr ol

'program and an external interface processing program for the disk
drive (interface processing program. 20 ' In the above case,
the present inventor nade it apparent that there still were severa
probl ens. to be sol ved. One problemis that if the disk

drive itself dedibatéa bpecwait éneepfack piegudm,aaddt fearithermozent r ol

25 program the wite control program and the input

-8- commandscoohfokmmnggtenscﬂstwhmthbwasnusedvamamhp lalgeken or

of 8CSI interface as a standard command set can be

used without modification. Specifically, ATAPI makes

5 it possible to adopt a new interface such as enhanced

IDE while inheriting the past software property for

CD-ROM drives, and furthermore makes it possible to

realize a cost reduction. Accordingly, today, almost

all interface specifications which are adopted by CD--

10 ROM drives mounted in PCs as standard equipment are

the ATAPI interface specifications (extended

specifications of IDE).

Many PC makers use ATAPI interfaces to mount CD-

ROM drives in PCs as standard equipment, but in the

15 present situation in which the cycle of change of CD-

ROM reproducing speed is extremely short, as the

period of evaluation of CD-ROM drives becomes longer,

it becomes more difficult for PC mékers to efficiently

market PCs provided with CD-ROM drives of faster

20 ' reproducing speed.

There are several causes which are expected to

increase the period of evaluation of a CD-ROM drive in

a PC maker. -

In first place, since an ATAPI CD-ROM drive is

25 - mounted in a PC as standard equipment, the case of the

- 11 =



| ost during the witing of the application program “If the wite
control programor the input control programis broken or lost, it-
beconmes difficult to 5 subsequently rewite the application program

Anot her problemis that the rewite control program and the i nput
control program which are held in the nonvol atile nmenory of the

m croconputer itself must be highly reliable. 10 ' In the
second pl ace, the present inventor . investigated an art which makes it
possible to easily change the application programand the like, in

Vi ew of a situation in which conputers such as personal :

conputers are pp@vhéeds\dhbéi aécepysedawhehagtar dD-kROM dedwiepmnteo
Today, al'nost all hard. disk interfaces for conputers such as persona

conput ers (her epsafémoved so ~ referred to sinply as PCs) conformto |DE
(I'ntegrated Devi ce El ectronics), and PC (Personal Conputer) boards

20 have a pluralitYnothéfsecendnplacef obepatt®e Ofit theaestremelyports. A
description of IDE is given in N KKEI ELECTRONI CS, pages 67-96
(published by Nehdet eyeleecsf changeppf| reprpdusing| gpeedjukiesperdod) . The
term"| DE" used herein includes not only |IDE but also a goncept 25
such as a sb- caFeadirethafRed | BELVR| BAKPE EPséegﬁiPEda processing

program for a CD-ROM drive becomes short, and it is
expected that bug fixation is frequently performed.
In the third place, because of the extremely
short cycle of changé of reproducing speed, a drive
10 maker cannot immediately improve the performance of
the applicatioﬁ program, and needs to send only
hardware to a PC maker in advance and later send the
application program to the PC maker on stepwise
- fashion, thereby finishing a CD-ROM drive. For
15 example, in the case of a-24 X CD-ROM drive, the
following stepwise process is perférmed: the drive
maker sends.to the PC maker an application program for
a 20 x reproducing speed which can run on the same
hardware, then sends an application program for a
20 faster 24 x access speed to the PC maker, and finally
sends a high-performance application program in which
logically insufficient points are improved or tuned.
Othérwise, in the case of the 24 x CD-ROM drive, the
drive maker sends an application program for a minimum

25 1 x reproducing speed and a maximum 24 x reproducing

- 12 -



-9-- "FAST ATA", "Enhanced IDE" or "Extended IDE" In the
| DE interface specifications, the length of an interface cable is
extrenely limted, and the interface cable can normally be used as an
interface 5 with a peripheral nounted in the case of a PC. Today,

al nost all PCs have CD-ROM drives in their expansion slots or drive
bays as standard equi pnment, but in the past, CD-ROM drives were
generally externally attached as an option. For this reason,
interface 10 specifications for CO-ROMdrives initially devel oped

in conformty to SCSI or SCSI 2. However, the SCSI interface is

general l'y regar %‘iﬂaed to the T %Héln,a|aﬂd‘t1ﬁ{érﬂ%e , éfran{dh&OMgrive is
to be connécted via the SCSI interface, a SCSl interface 15 board.

or a SC3I i nter fagga iRG thdr prfoyresnetrldly intermateaas, siseed haid cost s
I ncrease as a whole. In general, IDE controller LSI's (Large Scal e
I nt egr at ed provides it to the PC maker.
In the fourth place, if a CD-ROM drive which
5 adopts the ATAPI interface is to be_mounfed in a PC as
standard'equipment,'the CD-ROM drive is prepared as a .
device dedicated to a particular PC, so that the
contents of the application progfam of the CD~ROM
drive ﬁend.to be increasingly individualized for each
10 PC type or fc maker. For example, many drive makers
deliver standard-speed CD-ROM drives to PC makers as
product sampleé, but if the respective PC makers have
different drive specifications, the drive makers need
to prepare additional drive specifications. One
15 example of specifications which differ among PC makers
is a reproducing control method for a disk which
suffers from eccentricity, surface unevenness or the
like. For a disk which suffers from eccentricity or
surface unevenness, a CD-ROM drive normally
20 automatically decreases its reproducing speed to a
level at which the CD-ROM drive can read the disk.
However, when to increase the reproducing sPeed from
the decreased ‘level differs among the specifications
of PC makers, and there is a case in which the

25 reproducing speed is restored when the next read

- 13 -



circui'ts) are inexpensive conpafed to SCSI controller LSIs. - 20

To caope with this problem ATAPI (ATA Packet I nterface) has been
adopted, and interfaces with PC boards have been realized in
conformty to the |IDE speci fications, and commands conform ng to SCS|
or - SCSI 2 have been adopted. OmM ng to ATAPI, -a CD-ROM 25 drive can
be nounted in a PC without the need for a , -

- 10 - dedi cated special interface circuit, and
furthernore, commands conformng to SCSI which was used in the age
of SCSI interface as a standard conmand set can be used wi t hout

nodi fication. SpefmhhgalikyredéAPbdyakesa case lih Phishbldet 0 adopt a new

i nterface such as enhanced | DE while inheriting the past software

property for  repr&@a&ihydspeed, iandotuinbeesped wikds riespeetsitd e to
realize a cost reduction. Accordingly, today, al nost
such a disk. Further, there is a case in which the
reproducing speed is restored by using a vendor unique
5 command. Otherwise, there is an art which provides
- reproduction control on a disk by combining linear
velocity constant control and angular velocity
‘constant control, and the linear velocity constant
control and the angular velocity constant confrol are
10 switched therebetween in various manners.

In addition, after a PC which has an ATAPI CD-ROM
drive as standard equipment has been provided to an
end user, a situation in which the CD-ROM disk cannot
reproduce all disks may occur. as the result of an

15 improvement in reproducing speed or the spread of CD-R
(Compact disc-Recordable). In this case as well, it
is desirable that the end usér can efficieﬁtly update
the application program. |

As is apparent from the above description, in the

20 situation in which the cycle of change of reproducing
speed in a CD-ROM drive is extremély short and a CD-
ROM drive is mounted in a personal computer as
standard equipmént, a CD-ROM drive maker must prepare
application programs which have different

25 specifications for individual PC makers, in a short

- 14 -



all interface specifications which are adopted by CD- vié RONIdrives

nmounted in PCs as standard equi pnent -are . the ATAPI interface

speci fications (extended specifications of IDE).. Many PC
makers use ATAPI interfaces to nount CD ROM drives in PCs as
standard equi pnent, but in the 15 present situation in which the cycle
of change of CD ROM r eproduci ng speed is extrenely short, as the
period of evaluation of CD ROMdrives becones | onger, it becones nore
difficult for PC makers to efficiently mar ket PCs provided with
CD-ROM drives of faster 20 reproduci ng speed. ' There are
several causes périddar EaNpeat athier can evalbusase t¢B-ReMidoivé in

eval uation of a CO-ROM drive. in a PC maeker. . In first

pl ace, since ana AAMGHt GReRObMdrand absolﬁtelynnaeéa ta efPbcaentidyndard
equi pnment, the case of the PC needs to be deconposed

when t he CD-R[Nevhlwatesthe CD-ROMpdriv@p9nda PC while rece1v1ng
bug-fix of the application program from the.CD-ROM
5 drive maker throughout an evaluation period.
Accordingly, there are extremely great demands for
efficient modification of application programs of CD-
ROM drives.
An object of the present invention'is to make it
10 possible to efficiently modify the whole or part’of an
application program which includes processing programs
for disk access control and interface control of a
disk drive.
Another object of the present invention is to
15 provide a disk drive which is capable of easily
rewriting the whole or part of the application program
without increasing the physical scale of the disk
drive. . |
Yet another object of the present invention is to
20 provide a disk drive which is capable of improving the
reliability of rewriting of the application program.
Yet another object of the present invention is to
provide a disk drive which makes it possible to
perform prior mass'production of hardware such as

25 - recorded information reproducing apparatus or disk

- 15 -



In the ‘second
of reproducing
a processing
expected that
pl ace, because
speed, a drive
the applicatio
maker in advan

pl ace, because of the extrenely. short cyéle of change
speed, the period 5 required for a drive nmaker to devel op

program for a CD-ROM drive becornes short, and it is

bug fixation is frequently performed. In the third
~of the extrenely short cycle of change of reproducing

10 maker cannot inmmediately inprove the performance of
n program and needs to send only hardware to a PC
ce and later send the application programto the PC

maker on stepw se fashion, thereby finishing a CD-ROMdrive. For_
exanpl e, in theqeagesohnd 3b¥eqReRM b ry! e whold ¥ PRI ot epwi se

process i s per

formed: the drive maker Sends t.o the PC naker an

15

appl i cation proghanapplicationap28g¥ameiii@liai &g pepded Winkddicielyn on the
dware, then sends an application programfor a 20 faster

same har
24 X access sp
hi gh- per f or man
points are inp
CD- ROM dri ve,
m ni mum 25

10

- 15

20

25

ebdfboet Hel PCerpketheaelyf enablling a regtiedion in the

ce application programin which l ogically insufficient

r perilodr of udedelopment Oofiethesdiskndiriwecase of the 24 x
t he drive maker sends an application programfor a
1 x repebdarehiaespebieghdod hei PusseRty inyenddes g to

provide a disk drive which can be expanded into
various kinds of products based on the same.hardware.

Yet another object of the present inveﬁtion is to
provide a computer such as a personal éomputer which
makes it possible to modify the whole or part of ‘the
application program of a recordea_information
reproducing apparatus or a disk driveﬂeven if the disk
arive is incorporated in the computer (i.e., without
removing the disk drive).
| An additional object of the preéent iﬂvention is
to make it possible to efficiently market a computer
ih which a disk drive having.a fast reproducing speed
is iﬁcorporated as standard equipment, even in a
situation in which the cycle of change of reproducing
speed is extremely short. |

The above and other objects and novel features of
the present ‘invention will become apparent from the

following description given herein.

Disclosure of the Invention

- 16 -



- 12 - speed to the PC naker, and then'stepmdse finishes

an application programfor an internedi ate speed and provi des
it to the PC maker. In the fourth place, if a CO-ROM drive which
5 adopts the ATAPI interface is to be nounted in a PC as standard
equipnent, the CD-ROM drive is prepared as a device dedicated to a
particular PC, so that the contents of the application program of the
CD- ROM drive tend to be increasingly individualized for each 10 PC
type or PC maker. For exanple, nmany drive nakers del i ver

st andar d- speed CD- [
the respective PC:E%%ﬂﬂééﬁéégﬁﬁuggi”@ﬁf§grgﬁglggﬁseaégggﬁkFgggﬁgﬁi ?Eg.l
drive makers negd. s, ble 404 P ﬁdﬁb%?Sﬂéklﬂé'ﬁ@méﬂﬁchh'ﬁabhgﬂ%-lnpne

15 exanpl e of speC| I catlons er anong PC nakers s a
reproduci ng congsah {8t edpted fof“édfnt‘fb!hof a diBwf Betigelr afd the
eccentricity, surface unevenness or the li ke. For a disk which

suffers from eckef¥éigtive Oiemory has an application program area
5 which holds an application program including a
processing program for disk access and interface
control, and a reboot program area which holds a
reboot program to be used for updating the whole or
-part of the application program.

10 More specifically, a disk drive comprises access
means for accessing a disk which is rotationally
driven, an interface circuit connected to the access
means and interfaced with an outside, and a
microcomputer which controls an operation of the

15 access means and which is-connected to the interface
_circuit. The microcomputer includes one semiconductor
substrate having an electrically erasable and
programmable nonvolatile semiconductor memory and a
central processing.unit which accesses the nonvolatile

20 semiconductor memory. The nonvolatile semiconductor

~memory has a reboot program area and an application
program area in its memory area. The application
program area has an area which éﬁores an application
program to be executed by the central processing unit

25 to control the access means and the interface circuit.

- 17 -



surface unevenness, a CD-ROM drive normally 20 automatical |y decreases

5

its reproducing speed to a | evel at which the CD-ROM drive can read
t he<di sk. However, when to increase the reproducing speed from

t he decreased | evel differs anong the specifications of PC makers,
and there is a case in which the 25 repr oduci ng speed |s restored mhen
t he next read - 13 -

command is received, or a case in which the reproduci ng speed i s not
i ncreased with respect to such a disk. Further, there is a case in
whi ch the reproducing speed is restored by using a vendor unique
command. O her e e I 0\ tion
control on a dis §b§e%§§%:l #I%& |nglr<'];iﬁrewmlhl(élg a@e%ﬁfhclg%t%#%%%rol and

angul ar vel oci t ¥epoot E%@%hﬁﬂhﬁ%@ﬁtEﬁhse%”@hbh%édﬂﬁﬁi PRI d hgonst ant
and the angular Vél ocity constant control are

contr ol

10

15

20

25

unit to execute processing for rewriting the
application program area. The central processing unit
executes the reboot program to rewrite the application
program erea in whole or part, in response to a
rewrite command for the applicafion program area which
is supplied to the interface circuit from the outside,
or executes the application program stored in the
application program area to control the access méans
and the interface circuit, in response to a disk
access command supplied to the interface circuit from
the outside. |

The application program is an operational program

which includes an access control program such as a

recorded information reproducing control program and
an interface control program for control of an
external interface of the disk drive. The access
control program performs control euch as speed control
of a disk and signal processing according to the speed
of reproduction of recorded information. The
interface control program performs control of an
externel interface for disk access. The rewriting of
the application pregram area may be directed to the

whole or part of the application program (both or

- 18 -



10 switched therebetween in various nanners. " I'n addition,

after, a PC which has an ATAPI CD- ROM drive as standard equi pnent has
been provided to an end user, a situation in which the CD-ROM di sk
cannot reproduce all disks nmay occur as the result of an 15

| nprovenent in reproducing speed or the spread of CD-R ( Conpact

di sc-Recordable). In this case as well, it I s desirable that the end
user can efficiently update t he application program As is
apparent fromthe above description, in the 20 situation in which the
c¥clf ofdchaggf of reproducing speed in a CD-ROM drive is extrenely
short and a | t I er as
standard eqU|pﬁ%ﬁ?heﬁ.{§%¢é§ﬂ%ﬁlv%cna Q ggnt?Of gfé??&ﬁ aﬁanmléllcatlon

prograns whi ch
makers,

10

15°

20

25

in a sh

ﬂ?\%’&f’ééé etERt roPprosPam) {1 G A Jﬁlié&ﬂiﬂrﬁum PC

program includes a plurality of program modules (for
example, a plurality of subroutines), it is also
possible to rewrite part of the program modules. For
example, when the application program is to be
rewritten (updated), only a modified one of the acéeés
control program and the interface control program may
be rewritten.

In accordance with the abo#e—described features,
even after the microcomputer has been mounted in the
disk drive, the application program can be written
into the nonvolatile memory built in the
microcomputer, or the whole or part of the appiication
program can be rewritten. Accordingly, it is possible
to promptly or timely cobe with a change in the
reproducing speed of the disk drive, merely by
rewriting the whole or part of the application program
with the requiréd modification according to an
improvement in the reproducing speed at the time of a
change in the reproducing speed or the like which will
occur in extremely short cycles in the future.

The area of the nonvolatile memory to be
rewritten is the abplication program area.- Since the

reboot program area is not an area to be rewritten,

- 19 -



peri od. Each PC maker can evaluate a CD-ROM drive in " a short period,
and absolutely needs to efficiently evaluate the CO-ROM drive on a PC
whi-l e receiving a bug-fix of the application programfromthe CD ROM
5 drive makerthroughout an eval uati on peri od. Accordingly, there
are extrenely great demands for efficient nodification of application
programs of CD- ROM dri ves. _ An obj ect of the present
invention is to make it 10 possible to efficiently nodify the whole or
part of an application program whi ch includes processing prograns

for disk access control and interface control of a di sk drive.

Anot her obj ect efen hif paesaimormakityooccersoduting pheviréwratdingk drive
which is capable of easily rewiting the whole or part of the
appl i cation progpemation ofii theunonvelathilagnemerphytheabpezatdons ofhe di sk
drive. Yet anot her object of the present invention is .to 20
provi de a disk :EWH@t¥W9Cﬁh¢saEB¥h%$bl©n PEPEEIMngrepecan be agailRAbi | ity of
rewiting of the application, progr anot her ,obj ect of the

present inventi®fa¥sed glmmediate ?%%tﬁrngﬁ H?P?éE&HFEHrﬁ§ké§ it possible
O or a1 o ABARS TR P SR8y PR SACaBHB G ofRce ! oCOr U
: during rewriting does not take much time. Since a
processing program to be rewritten in the disk drive
is only the processing program stored in the
nonvolatile memory, it is possible to simplify control
10 procedureé for rewriting and hence shorten the-time
required for rewriting. Furthermore, since the
nonvolatile memory which holds the processing programs
for the disk drive is built in the microcomputer which
is a semiconductor integrated circuit, an increase in
15 the physical scale of the disk drive can be minimized
to obtain the above-described effects.
. The reboot program can include an input control
program, a rewrite control program and a transfer
.control program. The centrallprocessing unit which
20 responds to the rewrite command provides control to
execute the input control program and fetch into a
buffer RAM or the like the application program which
is, in wholé or part, supplied to the interface

circuit from the outside, execute the transfer control

25 program and transfer the rewrite control program from

- 20 -



- 15 -+¢ drives and subsequently nodify the whole or part
of - the application programwi thin a period i mediately. before
delivery, thereby enabling a reduction in the peri od of devel opnment
of the disk drive. 5 Yet anot her object of the present invention
s to provi de a di sk drive which can be expanded into . various
ki nds of products based on the sane hardware. Yet anot her obj ect
of the present invention is to provi de a conputer such as a personal
conputer which 10 makes it possible to nodify the whole or part of the
application programof a recorded information repr oduci ng appar at us
or a disk drive en.j h | sdri LS +[,NGOL. t |

conput er (i.e.,tﬁ%tﬁgh%OE srgb?éﬁosFﬁﬁlﬁﬁeggﬁgktgr%v%?g&%Igg IRmﬂ:la%An

addi tional obj egheOhitPEcBRBELBE. | MMRNIEAEFS] procedPiAgkenit POssible to

efficiently market a conputer

executes the rewrite control program transferred to
the built-in RAM and writes the application program

5 fetched in whole or part, into the application program
area. According to this control, when the application
program area is to be'updated, the host needs only to
transfer to the disk drive the whole or part of the
application program to be written into the application

10 §rogram area subsequently to a rewrite command for the
nonvolatile memory, and does not need to transfer the
write control program, whereby it is possible to
furtﬁer reduce the processing time required to update
the application program area.

15 The reboot program can include an input control
program and a transfer control program. The central
processing unit which responds to the rewrite command
executes the input control program and fetcheé the
application program and the rewrite control program

20 which are supplied to the interface circuit from the
outside, and executes the transfer control program and

~transfers the fetched rewrite control program to the
built-in RAM of the microcomputer. The central
processing unit executes the rewrite control program

25  transferred to the built-in RAM and writes the

- 21 -~



in which a disk drive having a-fast reproduci ng speed R fé.incarborated

~as standard equi pnent, even in a situation in which the cycle of
‘change of reproducing 20 speed is extrenely short. " The above
and ot her objects and novel features of the present invention wll
~beconme apparent fromthe foll owi ng description given herein. 25
-Di scl osure of the Invention - 16 -

A m croconputer which includes an electrically erasable and witable
nonvol atile menmory in a built-in formis adopted for control of a

di sk drive and the . nonvol atile nmenory has an application program

Pt oar am for - di SPEICEREh, FHGCH AAER AT WG bi0pRe, LnchT BRE
g; ea which hol %lﬁlcatloﬂ e r 4 CF S t AR eGP 4 itk the whol e
nonvolatile memory does not hold the rewrite control
program, even if the central processing unit runs away
5 and undesirably executes the program stored in thel
nonvolatile memory, there is no risk that the
nonvolatile memory device is erroneous1y rewritten.
The reboot program further includes an area which
stores a vector table and a reset processing program.
10 The central processing unit, in response to a reset
instruction, proceeds to execution of the reset
processing program by referring to the vector table,
and, during the execution of the reset processing
program, determines whether the central processing
15 .unit is in a forced reboot state capable of responding
to the rewrité command. When in the forced reboot
state, the central procéssing unit proceeds to
execution of the reboot program after receiving an
input of the rewrite command. When not in the forced
20 reboot state, the central processing unit proceeds to
a state of being able to execute the application
program stored in the application program area. Even
if an abnormality occurs during the rewriting of the

nonvolatile memory, if reset is performed to specify

25 the forced reboot mode, the central processing unit

- 22 =



part of the application prdgfaﬁi 10 ' Mor e specifiéally, a di sk d?f&e

conprises access means for accessing a disk which is rotationally
driven, an interface circuit connected to the access means and
interfaced with an outside, and a m croconput er which controls an
oper.ation of the 15 access nmeans and which.is connected to the interface
circuit. The m croconputer includes one sem conductor substrate
having an electrically erasable and programuabl e nonvol atil e

sem conductor nenory and a . - central processing unit which accesses the

nonvol atile 20 sem conduct or menory.. The nonvol-atil e sem conduct or

nmenory has a r eqpteds DIy areddedr afitomnthgpabrotmabity andpreyuam aoea in
its menory area. The application . program area has an area which

stores an appl itled iprocessingrofrrewt bt breg ekke uhenvdyathke ceenozy -
processing unit 25 to control the access neans and the interface
circuit. In this respect as well, the processing time required
to update the application program area can be
5 shortened.

The application program area can have in a memory
érea thereof a sum storing area which stores a sum of
information held in anothér memory area, and the
reboot program érea can further have an area which

10 stores a vector table and a reset processihg program.
The central processing unit, in response to a reset
instruction, proceeds to execution of the reset
"processing program by réferring to the vector table,
and, during the execution of the reset processing

15 program, determines whether the central processing
unit is in a forced reboot state capable of responding
to the rewrite command. When in the forced reboot

 state, the central procéssing unit proceeds to
execution of the reboot program after receiving an

20 input of the rewrite command. When not in the forced
reboot state, the central processing unit determines
whether the sum stored in the sum storing area
coincides with a sum of the information held in the

aforesaid other memory area. If it is not determined

25 that both sums coincide with each other, the central

- 23 -



The reboot program area has an area which stores a "~ reboot program
whi ch causes the central processing unit to execute processing for
rewiting the : application programarea. The central processing unit
5 executes the reboot programto rewite the application program
area in whole or part, in response to a rewite command for the
application program area which I's supplied to the interface circuit
fromthe outside, or executes the application programstored in the
10 application programarea to control the access neans and the
interface circuit, in response to a disk access command supplied to

the interface C%£8H%§siﬁ€nﬁn1t gr63§g85m§ EXECUF&SH of thae FapRlgrcation

program i s an operatl ona rogr I NC €s an accéss control

Dr ogram such aspfogram at€ep’ #88eiiALER 2fiphePbeduRNGerRieo! Program
and an in ? ?ace contr ol progra gnt r ol ext er nal

interface of theomihakddrinve. itihies deSmined tmtm@tnpé@:ﬁé agd PRE1QENS -
control such as speed control 20 of a disk and signal processing

according to theisipeesch othepf therodntialnpebcessingedniinf pibeeeds. The
interface control program perforns control of an external interface
for disk accesstoThestabeiof npebiig able tbeempphiteathenappddratianca may be
directed to the
program stored in the application program area.
Accordingly, if a program in the application program
area is undesirably rewritten by an abnormality of the
host or the disk drive, the operation of the central
16 processing unit can be made to self—diagnosticaliy
proceed. to the state of being able to rewrite the
application program area, merely by being reset, even
if the forced reboot mode is not specified.
Accordingly, it is possible to prevent the malfunction
15 of the disk drive.
" As the nonvolatile semiconductor memory, a flash
memory having a plurality of memory blocks each of
which constitutes a collectively erasable unit can be
adopted. The operation of erasing the application
20 program area can be made efficient by assigning the
reboot program area and the application program area
to mufualiy different memory blocks.
It is desirable that the reliability of initial

writing of a program into the reboot program area be

25 good in terms of the nature of the program. To

-~ 24 -



L

25 whole or part of the application program (both or :

- 18 - ei ther one of the access control program and the
i nterface control program. If the application _ program i ncl udes a
plurality of program nodul es (for exanple, a plurality of
subroutines), it is also 5 posSible to rewite part of the program
nodul es.  For exanpl e, when the application programis to be
rewitten (updated), -only a nodified one of the access cont rol
program and the interface control program nmay be rewitten. 10

I n accordance with the above-described features, even after the

O 0COMPUt of NgSebegpolOBALAOE 1MLy 18! 6 fob¥eriLhEcapRlcal i on

program can be ati nory burl {

orocomputer ShelBEosbaheifitonehe plotbe APBLLSA! heBa 1R tnlrogram can be

rewitten. Accordi I S possi
process of manufacturing the mlcrocomputer.

To completely prevent undesirable erasure of the
5 rewrite program, means for inhibiting rewrite of the
reboot prbgram area may be provided.

The ATAPI interface circuit can be adopted for
the interface circuit. According to this arrangement,
it is possible to easily use a new interface such as

10 enhanced IDE while inheriting the past accumulated
software property for disk drives which conform to the
SCSI interface specificétions or the like, and
furthermore, it is possible to realize a cost
reduction.

15 A computer having such disk drive comprises a
main board including a microprocessor and a peripheral
interface controller which are connected to a bus, and
the interface circuit of the disk drive is connected
to the peripheral interface controller. If a disk

20 drive is to be mounted as standard equipment in a
computer such as a personal computer which includes,
for example, a PCI bus as the bus and an IDE interface
controller as the interface controller, the ATAPI
interface circuit'éan be adopted as the interface

25 circuit of the disk drive. In almost all cases, if

- 25 -



to pronptly or tinely cope with a change in the reﬁroducing spéed of

t he gisk.drive, merely by rewwiting the whole or part of the

appl fcation program with the required nodification according to an
20 i nprovenent in the reproducing speed at the tine of a change in
the reproducing speed or the |ike which wll ~occur in extrenely short
cycles in the future. The area of the nonvolatile nenory to be
rewitten.is the application programarea. Since the 25 reboot program
area is not an area to be rewitten, - 19

even if an abnornallty occurs during the rewi-ting

operatlon of thg, ! &t {Fe "BEDEY , b NRo@REEAL 48NsBandard ef@ipménBg t he
application program area can be again started i Mmediately after the

reboot programis thé conpeett £0a MAEA Sbyar@canér yhérdisRndabver age state
during rewiting does not take much tinme. Since a '
incorporated in one case. _

During'the'rewriting of the application program

5 area of the disk drive, the main board of the computer
serves as a host, and the application program of the
disk drive can be rewritten in whole or-paxt via the
host. Accordingly, it is possible to change the
application program of the disk drive by using the

10 microprocessor without removing the disk drive ffoﬁ
the computer.

Accordingly, in the present situation in which
the cycle of change of reproducing speed in the disk
drive is extremely short and the disk drive is mounted

15 in the computer as standard equipment so that a drive
maker must prepare application programs for the disk
drive, which have different specifications for
individual coﬁputer makers, a computer'makef can
evaluate the disk drive which is incorporated in the

20 computer, while receiving a bug-fix or an additional
function relative to the application program from the
drive maker throughout the period of evaluation of
the disk drive. As described previously, the disk

drive is provided with means such as efficient

- 25 rewriting processing for the application program area
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processing programto be rewitten in the disk drive " is only the
processing programstored in the nonvol atile nmenory, it is possible
to sinplify control 10 procedures for rewiting and hence shorten the
time - .required for rewiting. Furthernore, since the nonvol atil e
memary whi ch hol ds the processing prograns for the disk drive is
built in the mcroconputer which s a sem conductor integrated
circuit, an increase in 15 t he physical scale of the disk drive can be-
mnimzed to obtain the above-described effects. The

r eboot progran1can I ncl ude an input control ‘program a rewite

control prograrg ééygg fégg dficeagentra
procesFing unit res on st éé&reﬁ???éﬂlgﬁﬁgn%ﬁprOV|des
control to rfaﬁ%i Wz IR tr &AL E Dhg Db REKESE 4%d Chet @R €o
buffer RAM(M‘t1K3|Ike tﬁé applicatian progB%n1mh|cﬁﬂg I's, in whole or

part, supplied dne thentitiald gocessing) rsali thdt prehbcughibwt deheexecut e t he
transfer control 25 program and transfer the rewite control program
fronl_ period of evaluation of -t disk drive, the computer
5 maker can efficiently reinstall a modified application
program in the nonvolatile memory built in the
microcomputer. Accordingly, the computer maker can
shorten the period of evaluation of disk drives.
Thus, in the present situation-in which the cycle
10 of change of reproducing speed in the disk drive is
extremely short, the computer maker cah efficiently
market a computer which is provided with a disk drive
having a faster reproducing séeed.
The application program which includes the access
15 control program such és a recorded information
reproducing control prégram and the interféce control
program can be supplied from a company which
manufactures or sells a disk drive to a computer maker
or a company which sells a computer, or from the
20 computer maker or the company which sells a computer
to an end user of the computer; through communications '’
means such as the Internet. Accordingly, it is
possible to instantaneously send the application
program to the combuter maker, the company which sells

25 the computer, or the end user of the computer.
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the reboot programstoring area to a built-in RAM of " the

m croconputer. The central processing unit " executes the rewite
control programtransferred to the built-in RAM and wites the
application program 5 fetched in whole or part, into the application
progiram - area. According to this control, when the application
programarea is to be updated, the host needs only to transfer to the
di sk drive the whole or part of the application programto be witten
into the application 10 program area subsequently to a rewite conmand
for the nonvol atil e nmenory, and does not need to transfer the

write control pAeeeéahngﬁgrekzr thel alaﬁsak!%@ 59 the cohphitles! reduce the
processing tinme require 0 update he application”programarea. 15

The reboot pr oglFﬁmrsaadlw‘cudehandwnuaﬁe@t i8l used, tREOFRGLIOH BF
transfer contr program The central processing unit which responds

to the rewite thendnilve or theecompatébe supht asombeelrdedogr am and f et ches
t he application programand the rewite control program 20 - which
are supplied toinfermattohareprodeoingf speedhecan be dmmeddetedyd executes
the transfer control program and transfers the fetched rewite
control proyranupgraged from an older version on a user side. In

other words, the functions of products can be easily

changed on the user side.

Brief Description of Drawings
10 Fig. 1 is a block diagram showing a CD-ROM drive
according to one embodiment of the present invention;
Fig. 2 is an explanatory view showing the memory
areas of a flash memory; |
Fig. 3 is a flowchart showing one example of
15 reset processing;
Fig. 4 is a flowchart showing one example of
ATAPT intérrupt processing;
Fig. 5 is an explanatory view showing the
relation between a collectively erasable unit block
20 and a reboot program area in the flash membry;
| Fig. 6 is a flowchart schematically showing the
process of manufacturing a microcomputer.having a
built-in flasH memory;
Pig. 7 is a block diagram shoﬁing one example of

25 hardware protect for preventing undesirable erasure of
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A

built-in RAM of the nicroconputer. The central processi ng unit

executes the rewite control program 25 transferred.-to the built-in RAM
and 'wites the : - 21 - '
application programfetched in whole or part, into the appl i cation
progtam area. Accordingly, since the nonvol atil e nmenory does not hold
the rewite control program even if the central processing unit runs
away 5 and undesirably executes the programstored in the

nonvol atile nenory, there is no risk that the nonvol ati |l e nmenory
device is erroneously rewitten. The reboot program further

I ncl udes an ar eq:h\gnir(éiﬂm t rogfg%rnpsar%av@cto.r table and a reset processing
program 10 The centr& rocessing udit, in response to a reset

i nstruction, proceedg;t0 | 1%} ¥%§§ : arsk am by
referring to the vec-t%& t?lgleie%?ta mogkan %durl tr'lsghotmlélge%cut | on%%ﬁgéreset

processi ng

10

15

20

25

of the hardware protect'for preventing undesirable
erasure of the reboot program area;

Fig. 9 is a block diagram of one example of a
personal computer which has a CD-ROM drive in built-in
form;

Fig. 10 is an explanatory view showing an initial
state of the operation 6f writing an application
program into the CD-ROM drive which is mounted in the
personal computer; | _

Fig. 11 is an explanatory viéw showing the state
of starting of the operation of writing the
application program into the CDP-ROM drive which is
mounted in the personal computer; .

Fig. 12 is an gxplanatory view showing the state
of transfer of the application program subsequently to
the state shown in Fig. 11; |

Fig. 13 is an explanatory view showing the state
of activation of an erase/write control program
subsequently to the state shown in Fig; 12;

Fig. 14 is an explanatory view showing the state
of erasing operation of the erase/write control
program subsequentiy to the state shown in Fig. 13;

Fig. 15 is an explanatory view showing the state
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Al

program determ nes whether the central processing 15 wunit is in a forced
reboot state capable of responding to the rewite conmand. \Wen in
the forced reboot state, the central processing -unit proceeds to
execution of the reboot program after receiving an i nput of the
rew.ite conmand. Wen not in the forced 20 reboot state, the centra
processing unit proceeds to a state of being able to execute the
application "program stored in the application program area. Even

if an abnormality occurs during the rewiting of the nonvol atil e
nmenory, if reset is perforned to specify 25 the forced reboot node, the

central processifg, #{% OPS ation of the erase/write cont£él-
can easily recover he”abnormal Ity and return.to t he processing

of rewriting ”‘[?rd'tj’fﬁiﬁ"ﬁibééqﬁgﬂﬁiy to the &Pat8i shoRaPeat Fag.wekl, the
processing time required to update the application progran1area can:
be Flg. 16 is a flowchart showing the whole of the
writing processing shown in Figs. 10 to 15;
5 Fig. 17 is an explanatory view similar to Fig.
10, but showing an initial state of the operation of
receiviné the erase/write control program from the
outside of the CD-ROM drive and writing the
application program into the CD-RdM drive;
10 Fig. 18 is an explanatory view similar to Fig.
10, but showing the state of starting of the operation
of receiving the erase/write control program from the
outéide of the CD-ROM drive and writing the
application program 1nto the CD-ROM drive;
15 Fig. 19 is an explanatory view showing the state
of transfer of the application program subsequently to
the state shown in Fig. 18;

Fig. 20 is an explanatory view showing the state

of activation of the efase/write control program
20 subsequently to the state shown in Fig. 19;-'

Fig. 21 is an explanatory view showing the state
of erasing operation of the flash memory by the
erase/write control program subsequently to the state
shown in Fig. 20;'

25 Fig. 22 is an explanatory view showing the state
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5 short ened. The application programarea can have in a nenory
area fhereof a sumstoring area which stores a sumof - i-nf ormati on
held in another nenory area, and the reboot program area can further
have an area which 10 stores a vector table and a reset processing

pr ogram - The central processing unit, in response to a reset

I nstruction, proceeds to execution of the reset . processi ng program
by referring to the vector table, and, during the execution of the
reset processing 15 program determ nes whether the central processing
unit is in a forced reboot state capable of responding to the.rewite

command. When i pg ke hAnEPGHARRAGn of £ dfash e ') OCcessi ng unit

proceeds to execut1on of the reboot program after” receiving an 20

i nput of the rewrals /KATHRNGon AN pYgrdin tdiﬁ)sféq]waftly to tEdatatéate,
the central processing unit determ nes whether the sumstored in the

sum storing areahown inc@imGi @dg wWith a sumof the information held in the
af oresaid other nenory area. If it is not determ ned 25 that both suns
coincide with each offtigr., 283hdscem relplanatory view of the memory area - 23

) 5 of the flash memory to which a sum storing area is
assigned;
Fig. 24 is a flowchart of the operation of making
a user program area rewritable on the basis of a sum
at the time of reset;

10 Fig. 25 is an explanatory view showing the state
in which a vector table is diéposed in a work RAM of
the microcomputer;

Fig. 26 an explanatory view showing another
example of the address map of the flash memory;

15 . Fig. 27 is a flowchart showing one example of the
sequence of manufacture of the CD-ROM drive by-a CD-
ROM drive maker;

Fig. 28 is a flowchart showing one example of the
sequence of evaluation of a personal computer by a PC

20 maker using the CD-ROM drive delivered by the CD-ROM

| drive maker;
Fig. 29 is a flowchart similar to Fig. 27, but
showing one example of the'operation of writing

processing programs into a reboot program area and a

25 user program area together;
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processing unit proceeds to execution of the reboot " program after
receiiving an input of the rewite command. If it is determ ned that
both suns coi nci de wi th each other, the central processing unit

pr oceeds 5 to a state of being able to execute the application

program stored in the application program area. Accordingly, if a
‘programin the application program area is undesirably rewitten by
an abnormality of the host or the disk drive, the operation of the
central 10 processing unit can be nmade to self-diagnostically

proceed to the state of being able to rewite the - appl i cation program

area, nerely by beinﬂiéesgP,igygnP%dgk dképggﬁbggr%e@DL HIqPQp I S not

speci fi ed. . Accordingly; i 0SSi prevent the mal function 15

of the disk dri : ; he 8RB ti eRiteONUGIHIHTRTOr Y, a
flash nen%??lﬂgv?ngeglg%u glifyggfwgggnrggb%ocks each of whi ch

constitutes a corb&6ssiRgYpLbgeakl esUBkingairieten intadapted. The

operation of erasing the application 20 program area can be nade
efficient by asfiigpbd@mpliter via the serial port; and

5 Fig. 31 is a block diagram of a microcomputer,

showing the state in which a processing program for

the microcomputer is being written by using an EPROM

writer.

10 Best Mode for Carrying Out the Invention
<<Cb—ROM DRIVE>>
Fig. 1 shows a CD-ROM drive according to one
embodiment of the present invention together with a
host. In Fié. 1, reference numeral 1 denotes a CD-ROM
15 disk (hereinafter referred to s;mply as the disk) on
ﬁhich, to increase the recording density thereof,
information is recorded on the CD-ROM disk 1 by a CLV
(Constant Linear Velocity) method in which the
recording velocity of signals is constant at any
20 position between the inner circumference and the outer
circumference of the disk 1. In this disk 1, each
frame includes, but not particularly limited to, one
symbol (one symbol = one byte) of subcode information,
twenty-four symbolé of data and eight symbols of

25 parity, and a synchronizing signal is added to' each
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reboot > program area and the application program area " to mutually

di fferent menory bl ocks. It is desirable that the.-reliability of
initial witing of a programinto the reboot programarea be 25
good in ternms of the nature of the program To

- 24 - guarantee such reliability, it is possible to
wite | the programinto the reboot programarea in the - process
of manufacturing the m croconputer. To conpl etely prevent
undesirabl e erasure of the 5 rewite program means for inhibiting
rewite of the reboot program area nmay be provided. . The

ATAPI interfacecglrguity o §t9g995§d?585 frame %Qembaﬁ§5£ GepYy EewW L. -

According to thr's arrange possi bl'e to easi y use a new

!sglE te\r/v;?ge such ?ﬁl? o Egg!@%‘égnl ﬁgd‘&@hltg.ohﬁhe'b'uﬁ:' '%%et haneys accumul at ed
property for |s rives which conformto the

' modulation is not particularly limited to EFM. EFM is

the process of convertiné l-symbol 8-bit data into 14

5 bits. Furthermore, to remove direct-current
components after the conversion, three margin bits are
added to perform NRZI modulation. In addition, the
frames are interleaved.

If the CD-ROM drive 2 shown in Fig. 1 is accessed

10 by or receives a data transfer request from a host 3
via an ATAPI interface circuit 4, a microcomputer 5
executes control for reSponding'to the request. The
operation of the CD-ROM drive 2 controlled by the
microcomputer 5 will be described below in outline.

15 Information is optically read from the CD-ROM disk 1,
and the read information is subjected to decoding,'
error correction and the like in a digital signal
prdcessing circuit 7. The decoded and error-corrected
information is supplied from the digital signal

20 processing circuit 7 to a CD-ROM decoder 9 via a bus 8
in accordance with a predetermined format such as a
CD-ROM format or a CD;I format. The CD-ROM decoder 9
applies processing such as synchronizing-signal
detection, deinterieaving and additional ECC error

25 correction to the supplied information, and outputs
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A

SCS| interface specifications or the like, and furfherﬁbré;:it'is

possible to realize a cost reduction. 15 A conput er havi ng
such di sk drive conprises a mai n board including a mcroprocessor and
a peri pheral interface controller which are connected to a bus, and
the.interface circuit of the disk drive is connected to the
peri-pheral interface controller. |If a disk 20 drive is to be nounted as
standard equi pnent in a conmput er such as a personal conputer which

I ncl udes, for exanple, a PCl bus as the bus and an IDE interface
controller as the interface controller, the ATAPI - Interface circuit

can be adopt ed 3@t5h§e&@é§£é&cﬁy £Re h8§£c§i£ooﬁh%gﬁ9g£55 ¢ihvene I n al most

all cases, if

the disk drive ifapP %ﬁtgpfgégdc§§c§i@nggrd equi pnment in the
conputer, a main board and the disk drive are

Each part of the CD-ROM drive 2 will be described
below in detail. |
5 The disk 1 is rotationally driven by a disk motor
10. A pickup 11 projects a laser beam onto the disk
1, and the reflected light is received and
photoelectrically converted by a light-receiving'part
made of a phoéodiode, whereby information recorded on
10 the disk 1 is read out. A thread motor 12 moves the
pickup 11 over the disk I.in the radial direction
thereof. A loading motor 13 moves a tray (not shown)
on which the disk 1 is loaded.
The digital signal processing circuit 7 realizes
15 functions such as digital'filter, EFM demodulation,'
Cl, C2 error correction, digital servo and speed
control in accordance with its operational program.
The funétion of the digital servo is to control the
thread motor 12 and control the position of the pickup
20 11. The function of the speed coﬂtrol is to control
the rotational speed of the disk motor 10. The Cl, C2
error correction function is error correction made by
using an error-correcting code called CIRC (Cross
Interleaved Reed-Solomon Code) in which two Reed-

25 Solomon Code Systems Cl and C2 are combined. The

- 34 -



i ncorporated in one case. During the remmitihg of.fhe'
application program 5 area of the disk drive, the main board of the

conput er serves as -a host, and the application program of the

disk drive can be rewitten in whole or part via the host .
Accordingly, it is possible to change the application program of the
di sk drive by using the 10 mcroprocessor wthout renoving the disk drive
from t he conputer. _ Accordingly, in the present situation in
which the cycle of change of reproducing speed in the disk

drive is extrenely short and the disk drive is nounted 15 in the
conputer as sta S a \% t are

appl i cati on pr oo eo- forLEFED (Poa0%hs tnliL €0, coprRBESRTYP. e

speC|f|cat|ons_é€f t mggéylgfathQOfpg&gg makers, a conputer maker can
eval uate the di ar ¥v Ich 1s incorporated in the 20 conputer, while

receiving a bug-fix &rsﬂ@néﬂd(ﬁignafrequenc usgghal)r ekat ¥eomo thiee
application programfromthe drive maker throughout the period of

eval uation of pickuphkl diskamipl ifiedsbgeacproatippifieosudfyanthe di sk
drive is provided with nmeans such as efficient 25 rewiting processing
for the apicasupplpedgtantke edigital signal processing circuit 7.
This read signal is binary-coded into a digital signal
by.the digital filter realized by the digital signal
processing circuit 7. This digitized read signal is
sequentially processed by.the speed control function
10 and the EFM demodulation function. The speed control
function is to detect the rotational speed of the disk
1 and control the disk motor 10 to rotate the disk 1
at a predetermined speed. The speed control function
also includes the function of detecting a
15 synchronizing signal from the read signal. The EFM
demodulation function is to demodulate the EFM-
modulated read signal on the baeis of the
synchronizing signal detected by the speed control
function. The subcode contained in each frame of the
20 demodulated read signal is eupplied to a SCI (serial
communication interface) 50 of the microcomputer 5 in
the form of a signal 700. The microcomputer 5
| performs subcode signal processing on the input

subcodes by using its operational program.

25 Specifically, the microcomputer 5 assembles the
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- 26 - and the capability to rapi dly recover froman-
abnornallty during rewiting processing and return to the rewiting
processi ng, so that, throughout the peri od of evaluation of the disk
drive, the conputer 5 maker can efficiently reinstall a nodified
appl.ication programin -the nonvolatile nenory built in the

m croconputer. Accordingly, the conmputer maker can shorten the period
of evaluation of disk drives. Thus, in the present situation in
whi ch the cycle 10 of change of reproducing speed in the disk drive is
extrenely short, the conputer maker can efficiently' mar ket a .conput er

whi ch is provi dﬁgp%igappﬁbég?géi:}fﬁ the unff aghRsbganf e8] 0duci ng

speed. atron progran1 udes t e access 15

control pfOGfa%ﬁ&@ﬁ(aél £efP£1ﬁ'§§i 'é‘xfl@rféébeﬂlze therﬁﬁfsﬂm_awancontrol
program and the 1 ntetface control progiam can be supplied froma
conpany which contafRed! 8t theSs@cs@es 5 sudhsksdtiMe iafermatnuher nmeker
and index information, and supplies control
5 informatiop,for éontrolling the disk motor 10, the
thread motor 12 and the like to the digital signal
processing circuit 7. |
The recorded information which has been subjected
to the demodulation and the Cl, C2 error correction in
10 the digital signal processing circuit 7 is supplied to
the CD-ROM decoder 9 via the bus 8. Data supplied to
the CD-ROM decoder 9 conformé to, for example, a
physical format which is standardized so that data is
divided into sectors each having 2,336 bytes. For
15 example, in accordance with a CD-ROM standard, each
sector includes twel?e bytes for a synchronizing
© signal, four bytes for a header, and user data. ~
Regarding the area of the user data, there is a
standard having an additional error-correcting code
20 such as ECC which makes it possible to correct an
error which cannot be completely corrected with Cl1l, C2
error correction. The CD-ROM decoder 9 includes a RAM
controller 90, an error-correcting circuit 91 and a
synchronizing-signal detecting and deinterleaving

25 circuit 92, and is connected to a buffer RAM 16. The
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or a conpany which sells a conputer, or fromthe 20 conput er naker or
the conpany which sells a conputer to an end user of the conputer,

t hrough comuni cati ons means such as the Internet. Accordingly, it is
possi ble to instantaneously send the application programto the
conmput er meker, the conpany which sells 25 t he conputer, or the end user
of t-he conputer. - 27 -

Accordingly, if the disk drive or the conputer provi ded with the disk
drive is used, the function of the drive or the conputer, such as
recor ded i nformation reproducing speed, can be imediately 5

Flnctions of praesr e Ee e e Va8 a8 ey o ter erge.
Brief DescriptiReObuPE@8M REA 16. The synchronizing-signal detecting
and deinterleaving circuit 92 detects the
synchronizing signal from the data of each sector
5 sequentially supplied from the bué 8 and performs
deinterleaving processing. The RAM controller 90
performs error correction on data having an error
which cannot be completely corrected even with Cl, C2
error correction, by using an additional error-

10 correcting code. The deinterleaved énd error-
corrected data is serially stored in the buffer RAM 16
by the control of the RAM controller 90. The read
data held in the buffer RAM 16 is supplied to the host
3 via the ATAPI interface circuit 4 in the units of a

15 single or ﬁlural sectors.

The ATAPI interface circuit 4 inclﬁdes a command
buffer 40 and a protocol sequence control circuit 41.
The protocol sequence control circuit 41 performs
interface control which conforms to a standard for an

20 ATAPI interface. The ATAPI interface is an interface
specification which makes it possible to control a CD-

" ROM drive via an existing IDE interface controller
which is used for interfacing a hard disk drive and

the like with a microprocessor which constitutes the

25 main part of a personal computer. In this ATAPI
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10 : Fig. 1 is a block diagram showing a CD-ROM drive accordi ng
to ope enbodi nent of the present invention; : Fig. 2 is an

expt anatory vi ew show ng the nmenory areas of a flash nenory;

Fig. 3is a flowhart showi ng one exanple of 15 reset processing;

Fig- 4 is a flowhart show ng one exanpl e of ATAPI interrupt

pr ocessi ng; Fig. 5 1s an explanatory view show ng the

rel ati on between a collectively erasable unit block 20 .and a reboot
programarea in the flash nmenory; Fig. 6 is a flowhart
schematically show ng the process of manufacturing a m croconputer

L Sg"one exabfif6FEHEe L 8RRERER Yhich ponforn Exfend sestablack, ol 2oron
erasure of _specifications are supplled to €Be CD-ROM drive 2 as a
packet, whereby the CD-ROM drive 2 is controlled. The
details of the specifications of the ATAPI interface
5 are described in "ATA Packet Interface for CD-ROM
Revision 1.2" which has been worked out by companies
which belong to SSF (Small Form Factor) Committee
which is an ad hoc group related to external storage
devices in United States. The command buffer 40 holds
10 the commands sent from the host 3.
<<Microcomputer>>
The microcbmputer 5 includes a.central processing
unit (CPU) 51, 8-bit timers 52 and 53, a 16-bit timer
54, ah A/D converter 55, a SCI circuit 50, a flash
15 memory 56, a RAM 57 and an input/output port 59 all of
which are provided on one semiconductor substrate such
as a single-crystal silicon substrate. These circuit
modules are formed to share an internal bus 58, but
are not particularly limited to such a circuit
20 configuration. The flash memory 56 which is an
electrically erasable and programmable nonvolétile
semiconductor memory serves as a memory for storing
the operationadl program and constant data of the CPU

51. The CPU 51 control the preamplifier 14, the

25 digital signal processing circuit 7, the CD—ROM
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t he reboot program area,; Fig. 8 is a block diagram showi ng

anot her exanpl e of the hardware protect for preventing undesirable
erasture of the reboot program area,; 5 Fig. 9 is a block diagram of
one exanple of a personal conputer which has a CD-ROM drive in

bui [ t-in form Fig. 10 is an explanatory view show ng an
I ni ti al state of the operation of witing an application 10
programinto the CD-ROM drive which is nmounted in the per sonal

conput er; Fig. 11 is an explanatory view showi ng the state

OL szgitingdof the operation of witing the application programinto
t he ROM dri v | hS t ' | 5C Ut ery 74

Fig. ‘12 is an e§%¥§%§ o? 5%%“?5 ogaﬁgt?ﬁggggaggiéQE% 40?E9r§%§}éﬁkgf t he

appl i cation progyamSyPIEHte rivnt Prs o?ﬁrébfoﬁéﬁt g(:):%@%%.i Nphé ORAKL;

Fig. 13 is an explanatory view show ng e state of activation of an
erase/wite COngjOkepPyOY @8N a workSRREERHESh! ¥st @skheagt at kozRowiean Fi g.

12; “Fig. 14 is an explanatory view showing the state of
erasing operati®n ehethekertoe/ vhet€pvosl (ol program subsequently to
the state shown in Fig. 13; 25 Fig. 15 is an explanatory view

showi ng thes state The flash memory 56 has a construction in which

its memory areas can be collectively erased in the
units of a predetermined number of blocks (memory
blocks) and data can be rewritten in the units of
blocks. Although such a flash memory is known and the

10 detailed description thereof is omitted herein, each
of its memory cell transistors is formed as an
insulated gate field effect transistor of two-layer
gate structure having a floating gate and a control
gate. The operation of writing information to a

15 memory cell transistor can be realized by applying
high voltage to, for example, the control gate and the
drain, and injecting electrons into the fioating gate
from the side of the drain by avalanche injection.
The threshold voltage of the memory cell transistor as

20 viewed from the control gate is made higher when the
writing operation is performed than when the writing
operation is not performed and the memory cell
transistor is ‘in an erased state. The operation of
erasing infdrmatioh from the memory cell can be

25 realized by applying high voltage to, for example, the
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- 29 - of witing operation of the erase/wite control

program subsequently to the state shown in Fig. 14; : - Fig. 16 is a
fl omchart showi ng the whol e of the writing processing shown in Figs.
10 to 15; 5 Fig. 17 is an explanatory viewsimlar to Fig.

10, .but showing an initial state of the operation of receiving the
erase/wite control programfromthe outside of the CD-ROM drive and
writing the application programinto the CD-ROM drive; 10

Fig. 18 is an explanatory viewsimlar to Fig. 10, but show ng the
state of starting of the operation of receiving the erase/wite
control progranéapas! Nend extrabtshdeopbctPEnbLrREh ¢heve18aditiy Ling the
application progran1|nto the CO-ROM drive; 15 : Fig. 19 is an

explanatory vi eya€80¥bRarihehét 8b8rce by €anhédnphenofibnbhe &hRiredyt i o
program subsequently to -
the threshold voltage of the memory cell transistor as
viewed from the control gate is made lower. Whether
5 the memory cell transistor is in a written state or an
erased state, the threshold voltage of the memory cell
transistor is kept at a positive voltage level.
Specifically, as compared with a word line select
level supplied to the control gaté from a word line,
10 the threshold voltage of the memory cell transistor in
. the written state is made high, whereas the threshold
voltage of the memory cell transistor in the erased
state is made low. Since both the threshold voltages
and the word line select level have such relationship,
15 the memory cell transistor can be formed by one
transistor without the need to adopt a selécting
transistor. Various kinds of control methods for the
erasing operation and the writing operation of memory
cell transistors héve'presently been realized, and
20 some of the methods are intended to perform collective'
eraéure in memory cell transistors whose sources are
connected in common, whereas the other methods are
intended to perform collective erasure in memory cell

transistors whose control gates are connected in

25 common. By such a control method, it is possible to
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the state shown in Fig. 18; Fig. 20 is an explanatory view

showi_ng the state . of activation of the erase/wite control- program
20 ° subsequently to the state shown in Fig. 19; : Fig. 21 is an
expl anatory view showi ng the state of erasing operation of the flash
memary by the erase/wite control program subsequently to the state
shown in Fig. 20; 25 Fig. 22 is an explanatory view show ng the
state _ - 30 - of witing
operation of the flash nenory by the erase/wite control program
subsequently to the state shown in Fig. 21; - Fig. 23 is an
expl anatory vi eyepfotiecHEIBEYi96C8rasRre 2h the £hagl BERMBAYcke Which a
sum storing area iIs _ assi gned; Fig. 24 is a flowhart .of

the operation of14@ke "o be erased can be specified by setting
control data in an erasure block specifying register.
Operations relative to the flash memory 56, i.e.,

5 operations such as erasing, verification of erasing,
writing, verification of writing and reading, are
specified by setting control information in a mode
register of the flash memory 56. Such setting is
performed by the CPU 51 in accordance with the

10 operational program.

The internal bus 58 is a generic term for buses

for addresses, data and control signals. The data bus
and the address bus contained in the internal bus 58
are connected to the CD-ROM decoder 9 and the ATAPI

15 interface circuit 4. As shown in Fig. 1 for the
purpose of illustration only, an access control signal
510 which is required for the CPU 51 to access the CD-
ROM decoder 9 and the ATAPI interface circuit 4 is
directly outputted from the central processing unit

20 51, and the access control signal 510 includes a read
signal, a write signal, a chip enable signal and the
like. Through the access control signal 510, the CPU
51 can access the command buffer 40, or set control
information in the.RAM controller 90, or access the

25 buffer RAM 16 directly or via the RAM controller 90.
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a user’programarea rewitable on the basis of a sum " at the tirme of
reset; 10 Fig. 25 is an explanatory view show ng the state I n
which a vector table is disposed in a work RAM of the m croconputer;
Fig. 26 an explanatory view show ng anot her exanpl e of the address
map -of the flash nmenory; 15 Fig. 27 is a flowhart show ng one
exanpl e of the sequence of manufacture of the CD-ROM drive by a CD
ROM dri ve maker; Fig. 28 is a flowhart show ng one exanpl.e of

t he sequence of evaluation of a personal conputer by a PC 20 maker
using the CD-ROM drive delivered by the.CO-ROM ~ -~ drive naker;

Fig. 29 is a flowchapheSiglbat t9mEr95426bthihs inforfA®WoRd neRRssdRpl e of
the operation of witing - processing prograns.into a reboot program

argi and a 25 fodsSteaph@figathal @ankba@teiBebeity of the pickup 11
relative to the disk 1.
In Fig. 1, reference numeral 93 dénotes an
5 - interrupt signal which is supplied to the 51 from the
CD-ROM decoder 9, for example, an interrupt signal
indicating the occurrence of an error which cannot be
corrected even with the above-described additional
error-corredting code. Reference numeral 42 denotes
10 an interrupt signal which is supplied to the CPU 51
| from the ATAPI interface circuit 4, for example, an
interrupt signal inaicating that a command is supplied
to the command buffer 40 from the host 3. A signal
501 is control information for controlling the
15 . characteristics of the preamplifier 14, and reference
numeral 502 denotes control information for
controlling the functions of digital filter, Cl1, C2
error correction, digital servo and speed control in
the digital signal processing circuit 7. The
20 information 501 and 502 are outputted from the
input/output port 59. '
<<Change of Circuit Characteristics to Cope with
Change of Reproducing Speed>>
In the CD-ROM.drive 2, an increase in

25 recording/reproducing speed (i.e., the speed of
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Fig; 30 is a block diégran1of a CD-ROM dri ve havfﬁd'a'séfial port,

showi ng the state in which a . processing programis being witten into
a - m croconputer via the serial port; and 5 Fig. 31is a

bl ock di agram of a m croconputer, showi ng the state in which a
processi ng program for the m croconputer is-being witten by using an
EPROM S writer. 10 Best Mbode for Carrying Qut the Invention

<<CD- ROM DRI VE>> Fig. 1 shows a CD-ROM drive according to one
enbodi nent of the present invention together with a host. In Fig. 1,

reference nuneral 1 denotes a CD-ROM 15 di sk (hereinafter referred to

sinply as the di’é%&lﬂ record¥8! Eﬂfafrﬁakﬁl%eﬁi@mt Rger g‘i%'kd'lf)g 195%'6%.‘\}%

t her eof , tron I's recor sk 1°by a

(Oonstant Lineas YohRGely¥F tRéENOHatAc¥ErEBLibg of an ﬁﬁ%@&@klaﬂgc\i@c@%ty of
signals is constant at any 20 position between the inner circunference

and the outer of théiCBLRORI@PLeeo0d.t IEihtsky 1. the ibtatdbakl lspeeas
frame includes, but not particularly limted to, one synbo? (one
synbol = one byéﬁ)tmé didk adetonf b0 pathenthread motor - 12 and the like
5 must be increased. Secondly, the coefficients of
digital servo, digital filter-and the like must be
changed corréspondingly. Thirdly, since a period of
time which can be spent for Cl, C2 error correction_
becomes short as the result of an increase in the
10 reading speed, a program having a mbdified (lowered)
Cl, C2 error correction capability must be adopted.
For example, the correction capability to correct a
maximum of six symbols of error.for quadruple speed is
lowered to a maximum of four symbols in the case of
15 sextuple speed. Fourthly, since the frequency of a
signal to be read increases witﬁ an increase in the
- reading speed, the characteristics} such as gain and
frequency band, of the preamplifier 14 must be
changed. To cope with the first to third points, the
20 operating frequency of the digital signal processing
circuit 7 must, of course, be increased. The first to
third points can be easily coped with by changing the
operational program of the CPU 51 without changing
hardware. The foufth point can be coped with by using

25 an arrangement provided with a circuit which switches
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twenty-four synbols of data and eighf synbol s of 25 parity, and a

synchroni zing signal is added to each . - 32
- frame. Information on such frame is nodul ated by EFM
(Eight to Fourteen Mdulation), but the kind of nmodul ation is not
particularly limted to EFM EFMi s - the process of converting

1-synbol 8-bit
direct-current

i nterl eaved.

data into 14 5 bits. Furthernore, to renbve

conponents after the conversion, three nmargin bits are
added to perform NRZI nodul ation. In addition, the frames are

If the CO-ROM drive 2 shown in Fig. 1 is accessed

10 by or receiyfs att?é‘tfré%@é}%ﬁrcﬁ%@ériéeﬂé &Pshn3adder aMHaaan ATAPI

interface circuit 4, a mecr

conmputer 5 executes control for

respondi ng t0 the,dESMeEqudlitzer (neDBREAtéPNwIRick hes GPhéReh) dotvend

controlled by the

10

15

20

25

can optimally cope with quadruple speed, sextuple
speed, octuple speed and higher speed, the frequency
characteristics being able to be switched over in
accordance Qith the operétional program of the CPU 51.
The switchover of the frequenéy characteristics is
needed for improving the accuracy of binary-coding of,
added and waveform—eqﬁalized signals. The frequency
characteristics can be optimally switched over, for
example, by an arrangement which selects via a switch
the values of resistance and capacitance of a waveform
equalizing filter disposed in a feedback system of an
adding circuit which essentially consists of an -
operational amplifier.

In the CD-ROM drive 2, a recorded information
reproducing operation and'an external interface
operation are controlled by the CPU 51 which executes
a recorded informatiop reproducing control program and
an interface control interface program which are
contained in an application program. For example, if
the recorded information reproducing speed of the CD-
ROM drive 2 is to Be made quadruple speed, the CPU 51

uses a recorded information reproducing control
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m croconputer 5 will be described below in outline.
preamplifier 14 so that the frequency characteristics .



*

15 PFnformation is optically read fromthe CDROMdisk 1,  ‘and the

read information is subjected to decoding, . "~ error correction and the
like in a digital signal processing.circuit 7. The decoded and
error-corrected information is supplied fromthe digital signal 20
processing circuit 7 to a CD-ROM decoder 9 via a bus 8 I n accordance
wWth a predeterm ned format such as a CO-ROMformat or. a CD-I format.
The CD- ROM decoder 9 appl i es processing such as synchroni zi ng-si gnal

detection, deinterleaving and additional ECC error 25
supplied information, and outputs

correction to the
.- 33 -

data request ed gogiem hist @uadrupke hepeed, whereas if thaTrerordedrface
circuit 4. ) Each part of the CD-ROMdrive 2 will be described
bel ow in detmIlnfoﬁmat10n.IQPEPQH@mng.$Be¢®t%fi%hﬁl¢9'E@Mv€ﬁlﬂ? & assk

not or

to be made octuple speed, the CPU 51 uses a recorded

information reproducing control program for octuple

5 speed. The term "recordéd information reproducing

control program" used herein is a generic term for

servo control for the disk motor 10, operation control

for the digital signal processing circuit 7, and

operational programs for the CD-ROM decoder 9 and the

10 like. The above term "interface control program™ is a

generic term for processing programs for realizing

interface control of commands and data for the ATAPI

interface circuit 4. Accordingly, in the CD-ROM drive

2, the term "application program” is a generic term

15 for processing programs for reproducing information

recorded on. the disk 1 and suppiying the reproduced

information to the host 3.

<<Processing for Reproducing Speed Change Based

on Rewriting of User Program Area>>

20 As shown in Fig. 2 by way of example, the flash

memory 56 has a reboot program area 560 and an

application program area ("hereinafter'referred to

also as the user program area”) 561 in its memory

area. The application program area 561 serves as an

25 area for storing an application program M2. The
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10. A pickup 11 projects a |l aser beamonto the disk 1, and the-
reflected light is received and phot oel ectrically converted by a

| i ght-receiving part . made of a phot odi ode, whereby information
recorded on 10 the disk 1 is read out. A thread notor 12 noves the

pi ckup 11 over the disk 1 in the radial direction t hereof. A | oading
not or 13 noves a tray (not shown) on which the disk 1 is | oaded.

The digital signal processing circuit 7 realizes 15 functions such as
digital filter, EFM denodul ation, Cl, C2 error correction, digita
servo and speed control in accordance with its operational program

The function of rpREoEI BirbairafiCh¥eal 8600sePRs0last Be area ﬂdﬂ*ﬁ%&ﬂ%ﬁd?’ 12
and control the position of the pickup 20 11. The function of the speed

control is to cafitifput contibe. pebarhAnsll ,spaedralsd/Rae ideslkomiral 10. The
C1, C2 error correction function is error correction nmade by

using an error-peogeaini M3, caderaakife¢ EbRErolr pgogram M4l aher héwrved
Reed- Sol onon Code) in which two Reed- 25 Sol onon Code Systens Cl and C2

are conbi ned. Thke. - 34 -

5 :  The input control program Ml serves as an
interface program to be executed by the CPU 51 in
order to load into, for ekample, the buffer RAM 16,
the whole or part of an application programlwhich'is
supplied to the ATAPI interface circuit 4 from the

10 outside as an object to be written or rewritten. The
erase/write control program M3 serves as a rewrite
control program to be executed by the CPU 51 for the
purpose of Wrifing into the user program area 561 the
whole or part of the application program loaded into

15 the buffer RAM 16. The transfer control program M4
serves asla program to be executed by the CPU 51 in
order to transfer to the RAM 57.the erase/write
control prbgram M3 stored in the reboot program area
560. The CPU 51 executes the erase/write control

20 program M3 transferred to the RAM 57 and writes into
the user program area 561 the whole or part of the
appiication program M2 stored in the buffer RAM 16.

The reboot program area 560 further includes a
vectof table 560A in which vector addresses are

25 stored, and a storage area 560B which stores
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RS

error-correcting code is nmade to correspond to the ':parity of each of

the franes. A signal (high-frequency signal) read fromthe
pickup 11 is anplified by a preanplifier 14 and 5 supplied to the
digital signal processing circuit 7. This read signal is binary-coded
into a digital signal by the digital filter realized by the digital

si ghal - processing circuit 7. This digitized read signal is
sequentially processed by the speed control function 10 and the EFM
denodul ation function. The speed control function is to detect the
rotational speed of the disk 1 and control the disk nmotor 10 to
rotate the di skpdedetermified PrégeamsntocPespegdrrétietopendacentrdance
function al so includes the function of detecting a 15

synchroni zi ng siyptil the ovedter readdresgesl of The Eedtor tabdenbé0Rati on
function is to denodul ate the EFM "nmodul ated read signal on the basis
of the syFivdroectzongtabma$ 60kt enckadey &hrvesgbewectarr BET1, an

function. The subcode contained in each frane of the 20 denpdul ated read
signal is supplABRPE oint@rupteye@ror BCT2 candukhealibf-i nfle REQITHD of

the m croconputer 5 in ) ) :
5 storage area 560B includes a reset processing program

PRG1l, an ATAPI interrupt processing program PRG2 and
the like.

The reset processing program PRGl is feferred to
by the reset vector BCTl. Specifically, if a power-on

10 reset instruction or a hardware or software reset
insﬁrucéion is given, the CPU 51 reads in the reset
vector BCT1 and branches its processing to the leading
address of the reset processing program PRGl indicated
by the reset vector BCT1.

15 | Fig. 3 shows a flowchart of reset processing. Iﬁ
the reset processing, first of all, internai
initialization or initial setting of the internal
circuit'is performed (S1). Then, the microcomputer 5
determines whether to perform on-board writing or

20 rewriting of the application program, i.e., whether a
user reboot mode is specified (S2). 1In this
embodiment, although not limited to any particular
example, the condition required to activate the user
reboot mode is that a predetermined switch, for

25 example, a disk ejecting switch, is pressed when a
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the formof a signal 700. .The m croconputer 5 perforns subcode signa
processi ng on the input subcodes by using its operational. program
25 © Specifically, the mcroconputer 5 assenbles the

- 35 - : suppl i ed subcodes in the units of, for exanple,
ni nety-ei ght franes, and recogni ze the information contained in the
subcodes, such as tine information and i ndex information, and
suppl i es control 5 i nformati onfor controlling the disk notor 10, the
thread notor 12 and the like to the digital signal processing circuit
7. The recorded informati on- whi ch has been subjected - to

t he denpdul ati opoHAY SHPPLY, o€2ther 6P-BOMr d&iiven 2i s tarnedherndi gChe
signal processing circuit 7 is supplied to t he CD- ROM decoder 9 via
the bus 8: Dat a®88FpFreaofomode sperdfdsdrby mandasdadingnthensisk for

exanmple, a
xanp ejecting switch or the like is also called a forced

reboot mode. If the forced reboot mode is not
5 specified, the pfocess proceeds to execution'of the
application program M2 (S3). If the user reboot mode
is specified, a reboot flag is brought to a set state
(S4), and the process waits for an ATAPI interrupt
(S5). The reboot flag is assigned, for example, a
10 flag (not shown) included in the CPU 51 or a
predetermined one bit of a control régister.
The ATAPI interrupt processing program PRG2 is
referred to by the ATAPI interrupt vector BCT2. .
Specifically, in an ATAPI protocol, a command is
15 arranged at the leading end.of a series of information
to be supplied to the ATAPI interface circuit 4. ' The
command is entered into the command buffer 40. If the
command is entered into the command buffer 40, the
ATAPI interface circuit 4 informs the CPU 51 to that
20 effect by means of an interrupt signa} 42. If the CPU
51 accepts the ATAPI interrupt, the CPU 51 referé to
the ATAPI interrupt vector BCT2 and branches the
process to the ATAPI interrupt processing program

PRG2.

25 Fig. 4 shows a flowchart of the ATAPI interrupt
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physi cal form
sectors each h
CD-ROM st andar
synchroni zi ng

Regar di ng t he

additional err
to correct an

error correcti
an error-corre
and dei nterl ea
The

control ler 90 SRINSS A%He TP cliéudsolal aforfiRind from!tie b¢l<fnfnﬁan&?AI\/l 16.

The synchroni zi
detects the

10

15

20

25

t which is standardi zed so that data is ‘divided into

aving 2,336 bytes. For 15 exanple, in accordance with a
d, each sector includes twelve bytes for a

signal, four bytes for a header, and user data..
area of the user data, there is a standard havi ng an

or-correcting code 20 such as ECC which nmakes it possible

error which cannot be conpletely corrected with CI1,
on. The CD-ROM decoder 9 includes a RAM control ler 90,
cting circuit 91 and a synchroni zi ng- si gnal ~detecting

c2

\ﬁf&es%%.ng Prddtdm %G?nd I':‘.S +HN RaGad ﬂﬂté::biﬁﬁc er RAM 16.

i ng- si gnal det ecting and deinterleaving circuit 92
buffer 40 and decodes it (S10). Then, the CPU 51

inspects the reboot flag. If the reboot flag is not
in the set state, the CPU 51 executes a predetermined
processing routine included in the application program
M2, in accordance with the result of decoding of the
command, and starts, for example, recorded information
reproducing control for reading recorded information
from the disk 1 (S12). If the reboot flag is in the
set state and the command is a.predetermined command
(vendor unique command), a reboot program for
performing on-board writing of the recorded
information reproducing control program is executed.

In this embodiﬁent, if the reboot program is
executed; the CPU 51 executes the input control
program M1 to store in the buffer RAM 16 the recorded
information reprodﬁcing control program supplied to
the ATAPI interfape circuit 4 from the host 3, and
also.executes the transfer control program M4 to
transfer the erase/write control program M3lto the
work RAM 57, and then executes the erase/write control
program M3 held in the work RAM 57 to write into the
user program area 561 the whole or part of the

application program stored in the buffer RAM 16.
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synchroni zing signal fromthe data of each sector 5 "Séquentially'

supplied fromthe bus 8 and perforns dei nterl eaving processing. The
RAM control |l er 90 perfornms error correction on data having an error
whi-ch cannot be conpletely corrected even with ClL, C2 error
correction, by using an additional error- 10 correcting code. The

dei nterl eaved and error- corrected data is serially stored in the
buffer RAM 16 by the control of the RAM controller 90. The read
data held in the buffer RAM 16 is supplied to the host 3 via the

ATAPI interface circuit 4 in the units of a 15 single or plural sectors.

The ATAPI i Nt ef (3¢hoblorClih 4 Bt & %%'Hﬁ% I gl and a

pr ot ocol sequence con clrcu sequence control

circuit 41 perfcilhlfgrmat onl Nt ¥ehdoPN nQlqueh da?tmﬁﬂﬂf I%dfe @ standard
for an 20 ATAPI |nteﬁface The ATAPI ﬁ?erface 'S an i nterface

speci fication Wahgbrialceodn Wwhaehsiisl Aoko s@:@@MaQJdﬁe@(or usediONIiipee Vvia

an existing IDE interface controller which is used for interfacing a
hard di sk drivea®A®I interifaee isipecwiflikat idner.opr ocessor whi ch constitutes
the 25 . main part of a personal conmputer. |In this ATAPI

- 37 - 5 Referring back to Fig. 2, the application program

M2 stored in the user program area 561 includes a
processing program divided into a main prégram and
subroutines, a secondary vector table having program
addresses of branch subroutines, and the like. 1In
10 Step S2 of Fig. 3, if it is not determined that the
user reboot mode is selected, a program counter (not
- shown) of the CPU 51 is forcedly set to the leading
addfess of a processing progfam in the application
program.Mz, whéreby the CPU 51 executes the
15 application program at.that program address.
The flash memory 56 has a plurality of memory
blocks (BLKO-BLKn) each of which constitutes a
collectively erasable unit, as shown in Fig. 5 by way
of example. The reboot.program area 560 and the user
20 program area 561 are assigned to mutually different
memory blocks. For example, the memory block BLKO is
assigned to the reboot program area 560.
The erase/wrlte control program M3 specifies only
the user program area 561 as a wrltable area.

25 Specifically, as shown in Fig. 5, the control
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i nt erfrace, conmands which conformto the SCSI2 _ spEbifications afe

supplied to the COOROM drive 2 as a packet, whereby the CD-ROM drive
2 irs controlled. The details of the specifications of the ATAPI
interface 5 - are described in "ATA Packet Interface for CD ROM

Revi sion 1.2" which has been worked out by conpanies whi ch belong to
SSF (Small Form Factor) Commttee which is an ad hoc group related to
external storage devices in United States. The command buffer 40

hol ds 10 t he commands sent fromthe host 3. <<M cr oconput er >>
The m croconputer 5 includes a central processing unit (CPU) 51,

8-bit tiners 53purhthibn ®f&HE tetdd@fwrite cdrtrel pydyramvmBtdoes5, a SC
circuit 50, a fllash 15 nenory 56, a RAM 57 and an i nput/out put port 59
all of Whicath sgyess ipfyo i ke dneawo mn e ok CBLK A rars iisas able sand
as a single-crystal silicon substrate. These circuit nodul es are
fornmed to shar endrtahiteerarda hiss 168 sttored in amrerasureiwritimar|y limted
to such a.circuit
specifying register. In other words, the erase/write
5 control program M3 does not specify the reboot program
area 560 as a writable area. In this sense, the
rewriting of the reboot program area.560.is inhibited.
- Since the program held in the reboot program area
560 cannot be rewritten via the ATAPI interface
10 circuit 4, the reliability of initial writing of ‘the
program-must be high; To guarantee such reliability,
it is desirable to write the program in the process of
manufacturing a microcomputer, but the writing of the
program is not limited to a particular method.
15 Fig; 6 schematica;ly shows the process of
manufacturing a microcomputer. Circuits each
‘constituting a microcomputer are formed over a single-
crystal silicon wafer by using, for example, a
multiplicity of mask patterns, thereby fabricating a
20 wafer over which such circuits are integrated (Step
| Pl). An inspection of the fabriéated wafer is carried
out (Step P2), and a probe inspection of the circuit
functions over the wafer is carried out to determine

whether each microcomputer chip over the wafer has a

25 defect (Step P3)} After the probe inspection, a
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20 configuration. The flash nmenory 56 which is an e electrically

erasabl e and progranmabl e nonvol atile sem conduct or nenbry serves as
a menory for storing t he operational program and constant data of the
CPU 51. The CPU 51 control the preanplifier 14, the 25 digital
signal procéssing circuit 7, the CD ROM -
38 - - decoder 9, the ATAPI interface circuit 4 and the

i ke in accordance with its operational program The RAM 57
serves as a work RAM which is used as a work area or the like for the
CPU 51. 5 The flash nenory 56 has a construction in mhlch

its menory area n%ﬁ-ﬁlli% yeole Eﬁté %%'o}ﬁpﬁrt%&e(éﬂlgﬁ oc% cutddﬁ'@ta can {g‘e

predeterm ned n of “bl oc

rewritten in thgagait pyoliicing, Qhﬁch%n—'ﬁ'éﬁ&%&@esm;% fares R ed S
known and the 10 defailed escrlptlon thereof is omtted herein, each

into microcomputer LSIs through steps such as bonding
and packaging (Step P4). After assembled, the

5 microcomputers are made to operate with atmosphere
temperature  and operating voltage being set to their
maximum allowable limits, whereby aging is-performed
so that a failure which may occur in the near future
can be made to appear in advanée (Step P5). After the

10 aging, the screening_of the microcomputer LSIs is
performed with a tester (Step P6). The screening step
includes a erase/write test of the bﬁilt—in flash
memory 56. By using this step, the rebootlprogram
such as the erase/write control program is written

15 into the reboot program area. In addition, in this
step, it is easy to perform an operation test of the
written reboot program. After the screening step, the
microcomputer LSIs are stocked and are subjected to
delivery inspection before delivery (Step P7), and

20 products which have passed in the delivery inspection
are delivered (Step P8).

In the above-described manner, the erase/write

control program M3 does not use the reboot program
area 560 as an eraéable/writable area. This is a so-

25 called software protect. Hardware protect means can
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of its'menory cell transistors is forned as an i nsul ated gate field

effect transistor of two-layer gate structure having a floating gate
and a control gate. The operation of witing information to a 15
menory cell transistor can be realized by applying hi gh” vol t age to,
for _exanple, the control gate and the’ drain, and injecting el ectrons
into the floating gate fromthe side of the drain by aval anche

i nj ection. The threshold voltage of the nmenory cell transistor as 20
viewed fromthe control gate is nade hi gher when the witing
operation is perfornmed than when the witing - operation is not

perT o1 0 20 U5 BEERY ekl v, phRORTC KR, RuRBeBrERRORL 4 .

operation of nenory~ce can“be
realized by applyhng:BhoPeylt 80€148ntheiyCXaaRLA Wik cen by the
, g electrons fromthe
floating runaway of the CPU or a defect of a user program.
Fig. 7 shows one example for realizing hardware
5 protect. In Fig. 7, reference numeral 562 denotes an
erasure block specifying register for specifying a
memory block to be collectively erased. Referring
back to Fig. 5 by way of example, the erasure block
specifying registef 562 has control bits ES0-ESn which
10 have a one-to-one correspondence to the memory blocks
BLKO-BLKn, and if any of the control bits ES0-ESn goes
to a logic 1, the flésh memory 56 is instructed to
erase the corresponding memory block. Reference
numeral.563 denotes an erasure-inhibited block
15 specifying register for specifying a memory block to
be erase-inhibited irrespective of an erase
instruction given by the erasure block specifying
register 562. Referring back to Fig. 5 by way of
example, the erasure-inhibited block specifying
20 register 563 has control bité-IHO—IHn which have a
one-~to-one dorrespondence to the memory blocks BLKO-
'BLKn, and if any of the control bits IHO0-IHn goes to a
logic 0, the flash memory 56 is instructed to inhibit

erasure of the corresponding memory block. The value

25 of each of the bits of the erasure block speéifying 
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t he threshold

voltage of the menory cell transistor as viewed fromthe control gate
i s ‘made | ower.

state or an

Whet her 5 the menory cell transistor is in a witt

en

erased state, the threshold voltage of the nenory cel

transistor is kept at a positive voltage |evel. Specifically, as
conpared with a word |line select | evel supplied to the control gate
froma word line, 10 the threshold voltage of the nmenory cell transistor
in the witten state is nade hi gh, whereas the threshold

vol tage of the nenory cell transistor in the erased state i s .made

| ow. Since both the threshold yoltages nd the word |.ine le | eve
have such rel atiSSHShSE 2 an%h%h%eg‘mﬂr‘&ec%#ﬁ‘?aﬁ%?’é?%?%‘&ﬁ%ﬁ?%rg d by

one tran

transi stor.

Va

i S (et RS sethbHerred FRefK BloLtying,

operation and t&ggal\r/geéfr% Sﬂggé@ﬁg%{nee B [%ach of €wb! ihp@bsi 8kocfehave

presently been 't

1 zed,” an e nethods are i ntended t

(0]

perform col | ect/ - ' gﬂﬁﬁé&%égﬂANﬁﬁﬁﬂﬁbﬁ o48d\WBREE Ssources -
dd&erc?slpr?%%%%ﬂﬁh%{]eas ‘the ot her ;

are connecte

( _ : nmet hods are I nt ended
to performscol |Afiges BASLHE AND sy @b0-ANDn ateéasspplied vboshe

control gates are connected in 25 common. By such a control nethod, it
i s possible to flash memory 56 as erasure block specifying '

10

15

20

25

information. Data setting for the erasure block
specifying register 562 and the erasure-inhibited
block specifying register 563 is performed by the CPU
51. In particular, data sétting for the erasure-
inhibited block specifying regisfer 563 can be

performed with initialize-reset. For example, the

‘control bit IHO is set to a logic 0. According to

this arrangement, even when the CPU 51 runs away
during the execution of the erase/write control

program M3,” the reboot program area 560 is not erased

“so long as none of the values of the register 563 is

accidentally rewritten.

Fig. 8 shows another example for realizingl
hardware protect. In Fig. 8, reference numeral 562
denotes an erasure block specifying register similar
to that shown in Fig. 7. A decoder 564 decodes data
supplied from external terminals TO-Ti of the

microcomputer 5, and outputs an erase inhibit signal

which inhibits erasure in the units of a memory block. -
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- 40 -° performcoll ective erasure inthe units of ™
bl ocks. Bl ocks to be erased can be specified by setting control
data in an erasure bl ock specifying register. Qperations relative to
the flash nenory 56, i.e., 5 operations such as erasing, verification
of erasing, ‘witing, verification of witing and reading, are
specified by setting control information in a node regi ster of the
flash nenory 56. Such setting is performed by the CPU 51 in :
accordance with the 10 oper ati onal program The internal bus
58 is a generic termfor buses for addresses, data and contral

signals. The dapgtlusor the @pdsabe BUEERSBpbEs feIAyaregd sitert B&2 riser nal
bus 58 are connected to the CD-ROM decoder 9 and the ATAPI 15 '

i nterface circusétdbyAshehopm 5h ¥ig. thef dntelral bus BBLPOTReOAND
Il lustration only, an access control signal 510 which is required for .
the CPU 51 to aga@tss ANRO€ENDn each having two inputs are disposed
between the internal bus 58 and the input side of the
5 erasure block specifying register 562. Each signal
line of the internal bus 58 is connected to oné input
of the corresponding one of the AND gates ANDO-ANDn
for each bit, whereaé the erasure inhibit signal is -
supplied to the other input of éach of the AND gates
10 ANDO-ANDn for each bit. Accordingly, since the dutput
of an AND gate to which an erase inhibit signal having
a logic 0 is supplied.is normally kept at a logic 0,
the control bit of the erasure block specifying
register which corresponds to the output of the AND
15 gate never goes to a logic 1 (an erasﬁre instruction
level). For example, in a case where the memory block
BLKO is assigned to the reboot program area, if the
external terminals TO0-Ti are pulled up or down so that
the output of the AND gate ANDO is normally kept at a
20 logic 0, there is no risk that the reboot program area
560 is rewritten when the CPU 51 runs away.
As described above,. in the CD-ROM drive 2 which
is constructed in éuch a manner that the microcomputer

5 is mounted on a printed circuit board together with

25 the ATAPI interface circuit 4, the CD-ROM decodef 9
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1

ROM de¢oder 9 and the ATAPI interface circuit 4 is “‘directly outputted
fromthe central processing unit 20 51, and the access control signal

510" rncl udes a read signal, a wite signal, a chip enable signal and
t he | i ke.” Through the access control signal- 510, the CPU 51 can
access the command buffer 40, or set control i nformation in the RAM
controller 90, or access the 25 buffer RAM 16 directly or via the RAM
controll er 90. - 41 -

The 16-bit tinmer 54 obtains information necessary for learning the

| i near velocity of the pickup 11 relative to the disk 1.

Suppl Ped to thoaBd FPAmLikg: WhelE t%%%&sgoaf@w"cte”ff%iefs' o uhich i
I nt errupt S|gnab 5ln9 rbggkcaE ggcgge gcggr c 1%f H I @hlch cannot
en na

be correc OVeé- descr
executes the reboot program for the bUllt—ln flash

memory 56 and updates the whole of part of the
5 application program M2 of the user program area 561 to

a new program supplied from the host 3 to the ATAPI
interface circuit 4. ‘Accordingly, it is possible to
promptly or timely cope with a change in the
reproducing speed of the CD-ROM drive 2, mérely by

10 rewriting the whole of part of the appliéation pfogram
M2 with the required modification according to an
improvement.in the reproducing speed at the time of a
change in the reproducing speed which will occurs in
extremely short cycles in the future. The range of

15 rewriting or updating of the applicétion program is
not limited to the whole of the application program,
and part of the application program may only be
rewritten or updated. Only the reproducing control
program included in the application program may also

20 be rewritten. In other ﬁords, if the réquired
modification needs to be applied to the whole of the
application program, the whole of the application
program may be written, and if the required
modification needs-only to be applied to a part of the

25 application program, only the part of the application
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error-correcting code. Reference nuneral 42 denotes 10 an interrupt
signal which is supplied to the CPU 51 . fromthe ATAPI interface
circuit 4, for exanple, an interrupt signal indicating that a comand
i's supplied to the command buffer 40 fromthe host 3. A signal
501 is control information for controlling the 15 characteristics of the
preanplifier 14, and reference nunmer al 502 denotes control .
i nformation for controlling the functions of digital filter, Cl1, C2
error correction, digital servo and speed control in - the digital
signal processing circuit 7. The 20 i nformati on 501 and 502 are -
out putted from phegram maynpet wodtpen.port 59. <<Change of
Grcuit Characteristics to Cope with Change of Reproduci ng Speed>>
In the CD-ROM drive Bt thibntimgsethe usser pregsam ageeepwdded fdsspeed
(i.e., the speed. of . - 42 -
flash memory 56 is selected as an area to be
rewritten. Since the reboot program area 560 is not
5 an area to be rewritten, even if an abnormality occurs
during the rewriting operation of the flash memory 56,
the operation of rewriting the reboot program can be
again started immediately after the reboot program is
executed, whereby recovery from an abnormal state
10 during rewriting does not take much time.
Since the application program M2 is stored in
only the flash memory 56 of the CD-ROM drive 2, it is
possible to simplify control pfocedures for rewriting
and hence shorten the time required for rewriting.
15 Furthermore, since the application program and the
reboot program are stored together in the flash memory
56, an increase in the physical scale of the CD-ROM
drive 2 can be minimized to obtain the above-described
effects, as compared with the case in which both
20 programs are respectively stored in separate memories.
In the above-described embodiment, the reboot
progfam includes the input control program, the
rewrite control program and the transfer control
program. Accordingly, when the user program area 561

25 is to be updated, the host 3 needs only to transfer to
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readi ng recorded i nformation fromthe disk 1) involves a change of
the characteristics of an internal circuit of- the CD-ROM drive 2.
Firstly, the rotational speeds ~ of the disk notor 10, the thread notor
12 and the |ike 5 must be increased. Secondly, the coefficients of

di gi.tal servo, digital filter and the |ike nust be changed
correspondingly. Thirdly, since a period of ti me which can be spent
for C1, C2 error correction becones short as the result of an
increase in the 10 readi ng speed, a program having a nodified (| owered)
Cl,” C2 error correction capability must be adopt ed. For exanpl e, the
correction capabhéi Cp-ROMcdriget 2athe appidrationopreigraaytoolbe of error
for quadruple speed is. | owered to a nmaxi mnum of four synbols in the
case of 15  sexitper $peedtheFuserhpypgramcereneSbleqideey aowrite

signal to be read increases with an increase in the readi ng speed,

t he characterls@@@%anéuéﬁra§h§aﬁﬁa§hdmem0ry 5ﬁeqé§ﬁc90§§n§0topeﬁ%e
preanplifier 14 nust be nged. To cope with the first tothird
points, the 20trappéehtFhg FF@H&Eﬁc?OBFrPPaePHPgF?&I- sREFRrdBRgLEssi ng
circuit 7 of course ncreased. third points

can be easily dBB%dpﬁ??ﬁs§§n8hgﬁﬂﬁnﬁeﬁﬁéreg to BBé?gFISH&|u5F69raWIOf t he

CPU O1 wthout 5hanoiitarea 564N DS sTBECLAUA! BuBEhB .caN be coped Wi th

The reboot program area 560 has the reset vector

BCT1 and the area which stores the reset processing
program PRGl. The CPU 51 responds to a reset

10 instruction and proceedé to the execution of reset
processing program PRG1l by referring to the reset
vecior BCT1l. While executing the reset processing
program PRGl,-the CPU 51 determines whether the forced
reboot mode capable of responding to a rewrite command -

15 from the host 3 has been selected, according to
whether the disk ejecting switch has been pressed. If
the forced reboot mode is selected, the CPU 51
proceeds to the execution of the reboot program after
receiving a rewrite command input.' If the forced

20 ' reboot mode is not selected, the CPU 51 brings the
application program in the user program area to an
executable state. Accordingly, even if an abnormality
occurs during -the rewriting of the flash memory 56, if
reset is performed'to specify the forced reboot mode,

25 the CPU 51 can easily recover from the abnormality and
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25 an arrangenent provided wth a circuit which smntches

- 43 - over the frequency characteristics of an adder
and a wavef orm equal i zer (neither of which is shown) of the
preanplifier 14 so that the frequency characteristics’ ‘can optimally
cope wth quadruple speed, sextuple 5 speed, octuple speed and hi gher
speed, the frequency characteristics being able to be sw tched over
in accordance with the operational programof the CPU 51. The
swi tchover of the frequency characteristics is needed for inproving

the accuracy of binary-coding of 10 added and wavef orm equal i zed

signals. The freiuehseo he ;ﬁf@éé&éfﬁg%f%&ﬁﬂtbﬁ oehér@hbghsweheﬁgd
over, for exanple arrangenent whi ch se?ects via a switc

the val ues of rgg] StI%”Q:?u%”Q:e%@ié%ﬂ:' aeR1, ahevfciéBsing tamwal i zi ng
filter disposed in a feedback systemof an 15 adding circuit which
essentially consdqifired t update the user program area can be
shortened. |
5 The flash memory 56 has the plurality of memory
blocks BLKO-BLKn each of which constitutes a
collectively erasable unit. Since the reboot program
area and the user program area are assigned to
mutually different memory blocks, the operation of
10 erasing the user program area 561 can be made
efficient. In other wbrds, when the user program area
561 is being rewritten, it is possible to perform the
operation of erasing the user program area 561 at the
same time.
15 " since the ATAPI interface circuit 4 is used as an
interface with the host 3, the CD-ROM drive 2 can use
a new interface such as enhanced IDE while inheriting
the past aécumulated software property for disk drives
which conform to the SCSI interface specifications or
20 the like, and furthermore, it is possible to realize a
cost reduction. Since the ATAPI interface
specifications conform to the IDE interface which hés
widely spread -in the field of personal computers or
the like, a CcD-drive maker can make use.of a host

25 system for its production line to rewrite the user
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oper ati'onal anplifier. - Inthe CO-ROMdrive 2, a recorded -

I nformati on reproduci ng operation and an external interface

operation are controlled by the CPU 51 which executes 20 a recorded

i nformati on reproduci ng control program and an interface control

i nterface programwhich are contained in an application program For
exanple, if the recorded i nformation reproduci ng speed of the CD

ROM drive 2 is to be made quadrupl e speed, the CPU 51 25 uses a recorded
i nformati on reproduci ng contr ol . - 44 -
program for quadruple speed, whereas if the recorded I nformation .
reproduci ng spegtoyfrdnheardd R dr avpeZsiohal compudie sE49 ref mdN et speed,
the CPU 51 uses a recorded i nformati on reproduci ng control program

for octuple 5camspesciteltithe ereprodmirmte dont ISt eyraeBPucing a
control progrant used herein is a generic termfor
personal computer with a CD-ROM drive being
incorporated in the personal computer.
5 <<Personal Computer>>
Fig. 9 shows one example of a personal computer
30 which has the CD-ROM drive 2 in built-in form. 1In
the personal computer 30, a microprocessor 31 is
connected to, but not limited to, an internal bus (PCI
10 bus) 33 which cohforms to a PCI bus standard, via a
PCI (Peripheral Component Interconnect) bus controller
32. An IDE interface controller 34 which is
representatively shown as a peripheral controller is
connected to the interhal bus 33, and the CD-ROM drive
15 2 is connected to the IDE interface controller 34 via
an ATAPI bus 35 which serves as an interface cable.
The IDE interface controller 34 performs interface
control between a hard disk 36 and the internél bus
33. The microprocessor 31, the PCI bus controller 32,
20 the internal bus 33 and the IDE interface controller .
34 constitute a PC board (main board) 37. The PC
board_37, the CD-ROM drive 2 and the hard disk 36 are
built in a common case. Although nqt shown, other
peripheral controllers such és a graphics accelerator,

25 a Centronics interface controller which provides
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servo control for the disk notor 10, operation control ' for the
digital signal processing circuit 7, and operational prograns for the
CD-ROM decoder 9 and the 10 | i ke. The above term"interface control
programt is a generic termfor processing prograns for realizing

i nterface control of comands and data for the ATAPI I nterface
circuit 4. Accordingly, in the CD-ROMdrive 2, the term "application
program’ is a generic term 15 - for processing prograns for reproducing

i nformation recorded on the disk 1 and supplying the reproduced

i nformation to the host 3. <<Processi'ng for Reproduci ng Speed

Change Based  paradfeReWhiteirFace! witd aPprantBrAARrthe’Oike, and‘\Sa shown
in Fig. 2 by way of exanple, the flash menory 56 has a reboot program

area 560 and anfloppy digki eshit@blpeedwhich paoyviRiseiittfdfadeferred to
al so as the user programarea”) 561 in its nenory area. The
appl i cation progoatraican56l fieppgsdiskadri®e arsz emrmectssdrioiglaa
application program M2. The _ - 45 -
internal bus 33, and are mounted on the PC board.
5 Referring to the corréspondence between Fig. 9 and
Fig. 1, the host 3 shown in Fig. 1 corresponds to the
" portion of the'persénal computer 30 shown in Fig. 9
which excludes the CD-ROM drive 2. |
In the personal computer 30, in a manner similar
10 to the above-described one, it is possible to easily
update the repfoducing control érogram of the CD-ROM
drive 2 by causing the microprocessor 31 to execute a
utility program and transfer a rewrite command or a
.new application program to the CD-ROMIdrive 2, without
15 changing the state of connection between the CD-ROM
drive 2 and the IDE interface controller 34 or without
removing the CD-ROM drive 2 from the case of the
personal computer 30.
<<Operation of Rewriting User Program Area>>
20 Figs. 10 to 15 sequentially show the operation of
rewriting the application program in the CD-ROM drive
2 which is mounted in the personal computer 30 shown
in Fig. 9. In each of Figs. 10 to 15, the CD-ROM

drive 2 is shown on an enlarged scale outside a case

25 38 of the personal computer 30.
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r eboot ™ program-area 560 serves .as an area for storing,

an i nput

control program ML, an erase/wite control ' program M3, . a transfer
conttol program M4 and the like. 5 The input control program
ML serves as an interface programto be executed by the CPU 51 in
order to load into, for exanple, the buffer RAM 16, t he whol e or part
of an application programwhich is supplied to the ATAPI interface
circuit 4 fromthe 10 outside as an object to be witten or rewitten.
The erase/wite control program M3 serves as a rewite contro

programto be executed by the CPU 51 for the

the user program arepi§611bh8hows aniglieian Behte)l ahlde tHePlcHEaoMn

program | oaded into 1! the buffer RAM 16. The transfer control program
W2 servesdagve Prograsnhechedexecthedibg tihee€Pdcel domtrollerorder to
transfer to the RAM 57 the erase/wite control program M3 stored in

t he reboot prog3énvaaethe ATAPI6BusTAS .CPrhé Irebeotit proghameanea/ 860t e

contr ol 20

the user prograbnavbicBethehénphtl eontrpdr programeMl, theapphisedvirite

program M3 transferred to the RAM 57 and wites into

progran1NQ ;tored In the buffer RAM 16.

10

15

20

25

control program M3 and the transfer control program M4
are stored and the user program area 561 in which the
application program M2 is stored are assigned to
mutually different memory blocks.

As shown in Fig. 11, if the application program
is to be rewritten, for example, an operator reséts
the CD-ROM drive 2 and presses the disk ejectihg
switch to set the forced reboot mode in the CD-ROM
drive 2. For example, a floppy disk FD stores an
application program which is.Bug—fixed or upgraded
from an older version, and a utility program for
writing the application program into the CD-ROM drive
2. The utility program is transfer software for
transferring the application program to the CD-ROM
drive 2. The operator inserts the floppy disk FD into
the floppy disk drive of the personal computer 30 to
activate fhe utility program. The utility program may
also be stored in the hard disk 36.

When a key manipulation or the like is performed
on the persoﬁal computer 30 in accordance with an

instruction given by the activated transfer software,
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The reboot program area 560 further includes a vector table 560A-in
whi ch vector addresses are 25 stored, and a storage area 560B which
stores -46 - o '
predeterm ned prograns to be referred to in accordance with the
vector addresses of the vector table 560A. " The vector table 560A

I ncl.udes a reset vector BCT1l, an ATAPI interrupt vector BCT2 and the
| i ke. The program 5 storage area 560B includes a reset processing
program PRGL, an ATAPI interrupt processing program PR& and

the |ike. The reset processing programPRGL is referred to

by the reset vegh@rmBsHdpr&oessorcall ¥£ theappewdhadncokputereset
instruction or a hardware or software reset .nstruction is given, the

CPU 51 reads i nouwtputesatwrite comeand BEY¥1thedfbashcinemortys S5@r qoassing to
t he | eadi ng address of the reset processing program PRGL indicated
the aforementioned vendor unigue command) via the IDE
interface_controller 34. The ATAPI interface circuit
5 4 recognizes the write command, and supplies the
interrupt signal 42 to the CPU 51. Thus, the CPU 51
executes the input control program M1 and, first of
all, clears the contents of the buffer RAM 16.
As shown in Fig. 12, the microprocessor 31 of the

10 personal computer 30 outputs a new applicatioh program
via the IDE interface controller 34 subsequently to
the write command. The CPU 51 executes the input
control program Ml. Thus, the CPU 51 sequentially
stores the application.program supplied.to the ATAPI

15 interface circuit 4, into the buffef RAM 16. If
parity is added to information sequentially supplied
to the ATAPI interface cifcuit:4, a parity check is
made, and retransfer of a data block corresponding to
a data block having an error is requested.

20 As shown in Fig. 13, after the new application’
program has been stored in the buffer RAM 16, the CPU
51 proceeds to execution of the transfer control |
program M4.. Thus, the CPU 51 transfers the

erase/write control program M3 to the work RAM 57 of

25 the microcomputer 5.
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by the"reset vector BCT1. 15 Fig. 3 shows a flowhart of reset

processing. In the reset processing, first of all, internal
initralization or initial setting of the internal circuit is
performed (S1). Then, the mcroconmputer 5 determ nes whet her to
perform on-board witing or 20 rewiting of the application program
I .e”, whether a user reboot node is specified (S2). In this
enbodi ment, although not limted to any particul ar exanpl e, the
condition required to activate the user reboot node is that a

predetermined swi t ki Lfbun28n FEY2RAS: afelkSknél EEShQEef%fC'ﬂhe' s pressed

supply of the éEhé%%&ﬂitéecantfolU§fsgr9m Miheo the w@fﬁrRAﬁb9¢tha§de
speci fied by mani pul ati ng the disk ejecting switch or the like is

al so call ed a peegedompletedshbehé OPUE51 | prodecdsr t@dexedb@bioDge i s not
5 specified, the process proceeds to execution of the

the erase/write control program M3 stored in the work

5 RAM 57. A block to be erased at this time is
specified in accordance with the erase/write control
program M3. In addition, during this time, a high
voltage for writing and erasing is being supplied to
the microcomputer 5. When the erase/write control

10 program M3 is executed, first, the user program area
561 of the flash memory 56 is erased, and the result
of erasure is verified. Then, as shown in Fig. 15,
the CPU 51 performs both the operation of sequentially
writing the new application program which is stored in

15 the buffer RAM 16 as a new reproducing control
program, into the user program area 561 of the flash
memory 56, and the operation of verifying the written
result. Writing addresses and the like are specified
by the erase/write control program M3, but this

20 specifying method is not a limiting example.

After the end of the writing operation, when the

CD-ROM drive 2 is reset, the CD-ROM drive 2 can
perform reproduction contrdl on CD-ROM in accordance
with the updated application program.

25 Fig. 16 schematically shows a flowchart of the
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application program M2 (S3). If the user reboot node I's specified, a
reboot flag is brought to a set state ~ ($4), and the process waits for
an* ATAPI interrupt (S5). The reboot flag is assigned, for exanple, a
10 flag (not shown) included in the CPU 51 or a pr edet er mi ned one
bit. of a control register. The ATAPI interrupt processing
program PR& is referred to by the ATAPI interrupt vector BCT2.
Specifically,:- in an ATAPI protocol, a command is 15 arranged at the

| eadi ng end of a series of information to be supplied to the ATAPI
interface circuit 4. The command is entered into the command-buffer

40. If the SR & £{efhd "ERe t hfe £ OpPBERaRubLen . 404néhe
ATAPI interfacén%lrcuLt 4 ?n or s tﬁ% CPU 51etoﬁ?ﬁgta 20 ef fect by neans

of an interruptyisd d@dndPer ddfteréPll activatedgcehescpue5ATAP

interrupt, the CPU 51 refers to t he ATAPI interrupt vector BCT2 and
branches the tran$fé&eessto tthé Heuffé| RAMt P61 the pewcappiligapiogr am
PR&. 25 Fig. 4 shows a flowhart of the ATAPI interrupt

- 48 - program supplied from the microprocessor 31 via the

5 ATAPI interface circuit 4, and transfers the
~ erase/write control program M3 to the work RAM 57
(S20). During transfer, the CPU 51 makes a parity
check or é sum check to monitor the presence or
absence of an abnormal transfer (S21). If an abnormal

10 transfer is detected, the CPU 51 retransfers the’
corresponding application program. 'When the transfer
of the new application program to the buffer RAM 16
and the transfer of the erase/write controi program M3
to the work RAM 57 have been completed, the user

15 program area 561 of the'flash memofy 56 is erased
(s22), and then, the new application program
transferred to the buffer RAM 16 is written into the
user program area 561 of the flash memory 56 (S23).
Then, the written data is verified (S24).

20 Needless to say, the above-described processing
of rewriting the user program area 561 can be
performed with the host 3 by a CD-ROM drive maker, but
the processing shown in Figs. 10 to 16 can also be
placed as a method'which allows a personal-computer

25 maker to reinstall a bug-fixed application program in
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processi ng program PR&. If the ATAPI interrupt occurs, the CPU 51
reads a command fromthe conmand buffer, 40 and decodes- it (S10). -
Then, the CPU 51 i nspects the reboot flag. |If the reboot flag is not
5 in the set state, the CPU 51 executes a predetern1ned processi ng
routine included in the application program M2, in accordance with
the result of decoding of the comand, and starts, for exanple,
recorded information r epr oduci ng control for reading recorded

i nformation 10 fromthe disk 1 (S12). |If the reboot flag is in the

set state and the command is a predeterm ned conmand (vendor uni que
command), a rebahe psegr prolgifam area PH1f Auritg @n-pPerdiicd Wi tHimge aint he
recorded i nformati on reproduci ng control programis executed. 15

In this enbodi nwhiichi thehpersbnatl jconpuier maker evelaratiesd,theheCDGROMN 1
executes the input control program ML to store in the buffer RAM 16

the recorded drivenRoemathen pessooddcicoqpusen S0 droghbmhsudsin ed to
the ATAPI interface circuit 4 fromthe host 3, and. 20 al so executes the
transfer cont roPXBF‘BéParritm €5-ROM driygngs ds i‘ﬁé‘n@re&’sé/sv\ﬁtta@%ﬁ rol

program M8 go equlpment.
As described above with reference to Figs. 10 to

16, during the rewriting of the user program area 561

of the CD-ROM drive 2, the PC board 37 of the personal

computer 30 serves as the host, and the application

10 ' program in the CD-ROM drive 2 can be rewritten via the
PC board 37. Accordingly, it is possible to change
the whole or part of the application program of the
CD-ROM drive 2, such as the reproducing control
program and. the interface control program, by using

l5 the microprocessor 31 without removing the CD-ROM
drive 2 from the personal computer 30.

Accordingly, in the pfesent-situation in which
the cycle of change of reproducing speed in the CD-ROM
drive 2 is extremely short and the CD-ROM drive.z is

20 mounted in the personal computer 30 as standard
equipment so that a CD-ROM drive maker must prepare
application programs for the CD-ROM drive 2, which
have different specifications for individual personal-

computer makers, a personal-computer maker can

25 evaluate the CD-ROM drive 2 which is incorporated in
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work RAM 57, and then executes .the erase/wite control program'Ms -
held_in the work RAM 57 to wite into the . user program area 561 the
whol e or part of the 25 application programstored in the buffer RAM 16.
- 49 - Al though not limted to a particular kind of code
I nformation, the vendor unique conmand i s code I nformati on which is
not -standardi zed (or. used) in the ATAPI interface specifications. 5
Referring back to Fig. 2, the application program M2 stored in the
user program area 561 includes a - processing programdivided into a
mai n program and subroutines, a secondary vector table having program

addresses of brepehpsybbaHLi Bemputes B0 White Ieceli¥ingStebupffx BW. 3,
if it is not determned that the user reboot node i s selected, a

program count erahnaiditionakthgungtdént pel&blivel tos ther apilycaaiidno t he
eading : program from the CD-ROM drive maker throughout the
period of evaluation of the CD-ROM drive 2. As
5 described previously, the CD-ROM drive 2 is provided
with meéns such as efficient rewriting processing for
‘the user program area 561 and the capability to
rapidly recover from an abnormality during rewriting
prodessing aﬁd return to the rewriting processing, so
10 that, throughout the period of evaluation of the’'CD-
ROM drive 2, the personal-computer maker can
efficiently rewrite the contents of the flash memory
56 built in the microcomputer 5 with a modified
application program. Accordingly, the personal-
15 computer maker can shortén the period of evaluation of
disk drives.
Thus, in the present situation in which the cycle
of change of reproducing speed in the CD-ROM drive 2
is extremely short, the personal-computer maker can
20 efficiently market the personal computer 30 which is
provided with the CD-ROM drive 2 having a faster
reproducing speed.’
In addition, even if an OS (Operating System) for
the personal computef is modified (upgraded from an

25 older version), it is possiblé to rapidly make a
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address of a processing programin the appl i cation ‘program M2,
whereby the CPU 51 executes the 15 application program at-that program

addr ess. The flash nenory 56 has a plurality of nenory

bl ocks (BLKO- BLKn) each of which constitutes a col l ectively erasable
unit, as shown in Fig. 5 by way of exanple. The reboot program area
560 and the user 20 program area 561 are assigned to nmutually different
menory bl ocks. For exanple, the nmenory block BLKO is assigned to the
reboot program area 560. The erase/wite control program M3
specifies only the user program area 561 as a witable area. . 25
Specifically, agoghawition Whichdist ReqagedOlto reflect an interface

- 50 - _ operation o? the erase/wite control program M3

does not gpaetfivnt hhichnprycekeek Bbiffandsaredmaiatl acarthe
witable area to be stored in an erasure/witing
modified OS, onto an interface control program of an
application program.

5 The application program can be supplied from a
coﬁpany which manufactures of sells the CD-ROM drive 2
to a personal-computer maker or a company which sells
a personal computer, or from the personal-computer
maker or the company which sells a personal computer

10 to an end user of the personal computer, through’
communicétionS'means such as the Internet.
Accordingly, it is possible to instantaneously send

- the application program to the personal-computer
maker, the company which sells the personal computer,

15 or the end user of the personal cdmpﬁter.
Accordingly, if the personal computer 30 is provided
with hardware or software for gaining access to the
Internet, a reproducing qontrol program which is bug-
fixed or upgraded from an oldeﬁ version can be easily

20 reinstalled in the user program area 561, whereby not
only is it possible to shorten the period of
evaluation of the CD-ROM drive by the personal-
computer maker, but also the end user can easily
change the functions of the CD-ROM drive.

25 <<Downloading of Erase/Write Control Program>>
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specifying register. In other words, the erase/wite 5 control program

M3 does not specify the reboot program area 560 as a witable area.
In this sense, the rewiting of the reboot program area 560 is

i nhibited. Since the programheld in the reboot program area
560 -.cannot be rewitten via the ATAPI interface 10 circuit 4, the
reli‘ability of initial witing of the program nmust be high. To
guarantee such reliability, it is desirable to wite the programin
t he process of manuf acturing a m croconputer, but the witing of the
programis not limted to a particular nethod. 15 Fig. 6 .
schematical |y shows the the0a@vyedescribd MR Md bR, Mk oconput er .
Circuits each constituting a mcroconputer are formed over a single-

crystal siliconewakeywy tesicomtroll peyfite M32 is dispBHdd Pin Gile wiepBmsk
patterns, thereby fabricating a 20 wafer over which such circuits are
i ntegrated (Steprogram BRiea A6l oEpedid @lagh memdmprigcatam wer i s
carried out (Step P2), and a probe inspection of the circuit
functions over elmesediveities coatriodd porwgriam M8t drsriimkternallywhet her each
m croconputer chip over the wafer has a 25 defect (Step P3). After the
probe inspe2ti ohrapsferred from the user program area 5%l so that the
| CPU 51 executes the transferred program. However, the
erése/write control program M3 may not be stored in
the flash memory 56, and may be downloaded to the.work
RAM 57 via the host 3 or the PC board 37 each time the
10 user program area 561 is rewritten. In this case,
-since the flash memory 56 does not hold the
erase/write control program, even if the CPU 51 runs
away and accidentally executes the program stored in
the flash memory 56, there is no risk that the flash
15 memory 56 is erroneously rewritten.
Figs. 17 to 22 sequentially shows the operation
of rewriting the appliéation program of the CD-ROM
drive 2 which is mounted in the personal computer 30,
in the éase where the flash memory 56 does not hold
20 the erase/write control program M3.In each of Figs. 17
to 22, the CD-ROM drive 2 is shown on an enlarged
scale outside the case 38 of the personal computer 36.
Fig. 17 shows an initial state, and the CD-ROM

.drive 2 is connectéd to the IDE interface controller

25 34 via the ATAPI bus 35. The erase/write control
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plurality of mcroconputer chips are cut out fromthe ' mafer by
di ci ng, and non-defective chips are assenbled I nto m croconputer LSIs
t hrough steps such as bondi ng and packaging (Step P4). After
assenbl ed, the 5 m croconputers are nmade to operate with atnosphere
tenperature and operating voltage being set to their maxi mum
allowable Iimts, whereby aging is perforned so that a failure which
may occur.in the near future can be made to appear in advance (Step
P5). After the 10 aging, the screening of the m croconputer LSIs is
performed with a tester (Step P6). The screening step I ncl udes a
erase/wite te%ﬁréﬁréﬂ@M@“iétnéﬁ £t388d in th8EPBb¥oOprBYrumi Bgehhi s step,
t he reboot program . such as the erase/wite control programis witten
15 into the repept programarea. In addition, in this step, it is

easy to performan operation test of the

witten reboot program

Af ter the screening &s eghowein Fig.nl8jotHnpheeappBicatiienspvogrdmand are

subj ected to

10

15

20

25

delivery inspection before delivery (Step P7), and
is to be rewritten, for example, an operator resets

the CD-ROM drive 2 and presses the disk ejecting
switch to set the forced reboot mode in the CD-ROM
drive 2. For example, the floppy disk FD stores an
application program which is bug-fixed or upgraded
from an older version, an erase/write control program
to be executed by the.CPU 51 to write the application
program into the user program area 561, and a utility
progfam to be executed by the microprocessor 31 to
cause thé CPU 51 to execute the processing of |
;ewriting the user program area 561. The utility
program is transfer software for transferring the
application program and the erase/write control
program to the CD-ROM drive 2. The operator inserts
the floppy disk FD into the floppy disk drive of the .
personal computer 30 to activate the transfer
software. The utility program may also be stored in
the hard disk 36. |

When a key manipulation or the like is performed
on the personal cdmputer 30 in accordance with an

instruction given by the activated transfer software,

'the microprocessor 31 of the personal computer 30
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20 products whi ch have passed in the delivery inspection éfé

delivered (Step P8). In the above-descri bed manner, the
erase/wite control program M3 does not use the reboot -program

area 560 as an erasable/witable area. This is a so- 25 call ed software
prot-ect. Hardware protect nmeans can - b2
al so be provided to prevent the reboot program area : 560 from bei ng
accidentally erased/witten by the runaway of the CPU or a defect of
a user program Fig. 7 shows one exanple for realizing hardware
5 protect. In Fig. 7, reference nuneral 562 denotes an’ erasure

bl ock speci fyi nguipgist & wirakeSBemnhY ot the fI wenmlqpkséo e

col l ectively erase Referring back to Fig. 5 by way “of exanple t he

erasure block the aiaeémfehtagnéagv&habrS%ﬂaﬁia Q:‘B?tﬁt[é}id)b'wiﬁ B3 B9 Whi ch
10 have a one-to-one correspondence to the nenory bl ocks
interface controller 34. The ATAPI interface circuit
4 recognizes the write command, and supplies the
5 interrupt signal 42 to the CPU 51. Thus, the CPU 51
executes the input control program Ml and, first of
all, clears the contents of the buffer RAM 16.

As shown in Fig. 19, the microprocessor 31 of the

personal computgr 30 outputs a new application program

10 and the erase/write control program via the IDE
interféce controller 34 subsequently to the write
‘command. The CPU 51 executes.the input control
program Ml. Thué, the CPU 51 sequentially stores the
application program and the erase/write control

15 program supplied to the ATAPI interface circuit 4,
into the buffer RAM 16.

As shown in Fig. 20, after the new applicétion
program and the erase/write control program have been
stored in the buffer RAM 16, the CPU 51 proceeds to

20 exécution of the transfer control program M4. Thus,
the CPU 51 internally transfers the erase/write
control program M3 from the buffer RAM 16 to the work
RAM 57 of the'mlcrocomputer 5.

Then, as shown in Fig. 21, the CPU 51 proceeds to

25 execution of the erase/write control program M3 stored
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BLKO- BLKn, and if any of the control bits ESO-ESnh goes
the flash nmenory 56 is instructed to
bl ock. Reference nunmeral 563 denotes an erasure-inhibited block .15

specifying register for specifying a nenory block to be

erase-inhibited irrespective of an erase
erasure bl ock specifying

I nstruction given by the
regi ster 562. Referring back to Fig. 5 by

to a logic 1,
erase the correspondi ng nenory

of

way of exanpl e, the erasure-inhibited bl ock specifying 20 regi ster
563 has control bits |IHO-1Hn which have a one-to-one correspondence
to the memory bl ocks BLKO- BLKn, and if any of the control bits

I HO-1Hn goes tOjR the wollRdRAM 571 ha Hiatk MY efhded | NSRS edlime

i nhi bit _erasure of the corresponding nenory bl ock. The value 25
each of the bitgs Kpddier BEdSil GaddEkarkd@oiith Nehe erase/write

- 53 - - register 562 and the value of the correspondi ng

one of

10

15

20

25

control program M3. In addition, during this time, a
high voltage for writing and erasing is being supplied
to the microcomputer 5. When the erase/write control
program M3 is executed, first, the user program area
561 of the flash memory 56 is erased, and the result
of erasure is verified. Then, as shown in Fig. 22,
the CPU 51 performs both the 6peration of sequentially
writing the new application program which is stored in
the buffer RAM 16, into the user program area 561 of
the flaSh'memory 56, and the operation of verifying
the written result. After the end of the writing
operation, when the CD-ROM drive 2 is reset, the CD-
ROM drive 2 can perform reproduction control on CD-RdM
in accordance with the updated application program.

<<Checksum against User Program Area>>

The setting of the above-described forced reboot
mode requires the manipulation of the disk ejecting
switch. In the following description, reference will
be made to the CD-ROM drive 2 which makes it possible
to set not only the forced reboot mode but also an

operational mode capable of rewriting the user program

area 561.

Unlike the user program area 561 shown in Fig. 2,
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B

the bits of the erasure-inhibited bl ock specifying regi ster -563 are
supplied to each of two inputs of the correspondi ng one of AND gates
ANDO- ANDn, and the 5 out puts of the AND gates ANDO- ANDn are supplied to
t he flash nenory 56 as erasure bl ock specifying i nformati on.
Data setting for the erasure bl ock speci fying register 562 and the
erasure-inhibited bl ock specifying register 563 is perfornmed by the
CPU 10 51. In particular, data setting for the erasure- i nhibited
bl ock specifying register 563 can be performed with initialize-reset.
For exanple, the control bit IHO is set to a'logic 0. According to

this arrangerrentthee\a%mgtﬂﬁn ?ﬂéé%dlurg%wymlﬁ% dyf i pgs the execution
re

of the erase/wite contral program M3, the oot program area 560

i's not erased memor§0 alr@ay RSEIIE & d Ry ALAS R 496 NeB] ShRicR63 i s
accidental ly rewitten. Fig. 8 shows anot her example for

realizing 20 shardsatheprsuirecdt then ifffprofhticd ek eimuttes adthér :
denotes an erasure bl ock specifying register simlar to that shown in

Fig.. 7. A decodemembd¥ deeadesWrdatang of aseppl tedtheosusxsdording @mdanal s
TO-Ti of the m croconputer 5, and outputs an erase inhibit signal 25
whi ch inhi bbts MBAsGSenawﬁqmmaﬂnea§ho¢xmenyﬁqungcﬁ9<the user program

area 561 is performed. Similarly to the reboot
program area 560 described previously with reference
to Fig. 2, the reboot program area 560 has an area
_ which stores.the reset vector BCT1l, the reset
10 processing program PRG1 and'the like.

Fig. 24 shows a flbwchart of the operation of
making the user program area 561 rewritable on the
basis of the sum at the time of reset.

If a reset interrupt occurs, the CPU 51 responds

15 to a reset instruction and proceeds to execution of
the reset processing program PRG1l by referring fo the
reset vector BCT1 (S30), and initializes the
microcomputer 5 and its peripheral circuits (S31).

Then, the CPU 51 determines whether the forced

20 reboot mode capable of responding to a rewfite command
has been selected (S32). If the disk ejecting switch
has been pressed, it is determined that the forced
reboot mode has been selected. If the forced reboot
mode has been selected, the CPU 51 proceeds to

25 execution of the reboot program after receiving the
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- 54 -~ Data.-for the erasure bl ock specifying register

562 is set by the CPU 51 via the internal bus 58. The AND

gat'es ANDO- ANDn each having two inputs are disposed bet ween t he
internal bus 58 and the input side of the 5 erasure bl ock specifying
regi ster 562. Each signal line of the internal bus 58 is connected
to one i nput of the correspondi ng one of the AND gat es ANDO- ANDn
for each bit, whereas the erasure inhibit signal is supplied to the
other input of each of the AND gates 10  ANDO-ANDn for each bit.
ACEQLang!y, Fiﬂce t he out put of an AND gate to mhich an erase

I nhi bit signa | ogL C kept at a
logic 0, TR L commalfe of (ade 4P BHR IR EFEiRASTY FRchY e

regi ster which fé%éféﬁ@@déotﬁlége Pui pyit 3 of gﬂgtfgigaﬂiy €19 ecP@Vel goes
to alogic 1 (an erasure I1nstruction evel ). For exanple in a case

r?e{ﬁethe MeNDryetd Ofkreboot BLAY {§3§$§'Q@@ﬂvi@eéhEhéebébboﬁrpgbgﬁamrea
after receiving the input of the rewrite command
5 (S34), and writes a new application program into the
user program area 561 as described previously (S35).
At the end of this.prbcéssing, the CPU 51 compﬁtes the
sum of the data stored in the user program area 561
and stores the sum in the sum storing areé M21.

10 "~ If it is not determined in Step S32 that the
forced reboot mode has been selected, the CPU 51
computes a sum as to the user program area 561 (S36)
and determines whether the computed value coincides
with the sum stored in the sum storing area M21 (S37).

15 If it is.determined in Step S37 that the computed
value does not coincide with the sum, the CPU 51
proceeds to execution of the reboot program after
receiving the input of the rewrite command. If it_is
determined in Step S37 that the computed value

20' coincides with the sum, the CPU 51 refers to the
secondary vector table (S38) and proceeds to the state
of being able to execute a program stored in the user
program area 561 (S39).

In this mannef, if tﬂe program in the user

25 program area 561 is accideﬁtally.rewritten by an
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external terminals TO-Ti are pulled up or down so that t he out put of
the AND gate ANDO is normally kept at a 20  logic O, there is no risk
that the reboot program area 560 is rewitten when the CPU 51 runs
away. . As descri bed above, in the CO-ROM drive 2 which S
constructed in such a manner that the m croconputer 5 is nounted on a
printed circuit board together with 25 the ATAPI interface circuit 4,

the CD- ROM decoder 9 - 55 -
and the |like, when the forced reboot node is set during reset, the
CPU 51 of the mcroconputer 5 executes the reboot programfor. the
built-in flash abnormagdeyy oF6 thed hegea3es thize Oph@oM Urik@ 2 Or the 5
application program M2.of the user program area 561 to a new program
supplied fromthékbkpsthe bperhéiARABE the CPUNGAr icace bai madid th self-
Accordingly, it is possible to pronptly or tinely cope with a change
in the diagnostically proceed to the state of being able to
rewrite the user program area 561, merely by being
5 reset, even if the ‘forced reboot mode is not
specified. Accordingly, it is possible to prevent the
malfunction of the CD-ROM drive 2.
<<Another Example of Configuration of Programs>>
In the above description, the application program
10 is disposed in the user program area 561 of the flash
memory 56, and the reboot program is disposed in the
reboot program area 560. However, the configuration
of the programs in the CD-ROM drive 2 can be changed
as follows. As shown in Fig. 25 by way of example; a
15 vector table may be disposed in the work RAM 57. If
the vector table is incorporated in a RAM, it becomes
easy to dynamically change the contents of the vector
~table according to each operational mode of the CPU
51.
20 Fig. 26 shows another example of the address map
of the flash memory 56. -In the example shown in Fig.
26, the reset processing program PRGl prescribes for a
sum check, the processing of detecting the

‘-manipulation of a forced reboot mode SW (the disk

25 ejecting switch), and the like. A boot processing
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repr oduci ng speed of the CD-ROM drive 2, nerely by 10 rewiting the
whol e of part of the application program M with the required -
nmodi fi cation according to an i mprovenent in the reproduci ng speed at
the tinme of a change in the reproducing speed which wll occurs in
extrenely short cycles in the future. The range of 15 rewiting or
updating of the application programis not limted to the whol e of

t he application program and part of the application programnmay only
be rewitten or updated. Only the reproducing control pr ogram
included in the application programmay also 20 be rewitten. |In other

\g?r?ﬁ,e | f thea[)g:%lg %9%#2& (S’é’r;}‘% | f| t.i orﬁh%ee%s%%é)xboﬂaqong%ﬁe%%t%f he whol e
{ogog;a;npgﬂ/eget g‘yatspar bt of t t esraﬁl%u rpiog:aetslsolr{l ;gc%’grégnﬁqﬁgdf%ﬁgd;a?tm )c/)f
the applicationprograms PRG2, M1, M3 AND M4 storedfﬁi'the reboot
program area 560. Specifically, even if the CPU 51 is
5 the state of being able to execute the application
program of the user program area 561, the CPU 51 can
accept a rewrite command and rewrite the user program
area 561. In this case, neifher the manipulation of
the disk ejecting switch nor a sum check is needed.
10 <<Manner of Writing to Flash Memory>>

A writing operation for the reboot program area
560 and the user program area 561 of the above-
described flash memory 56 will be described below in
association with the précessing performed by a CD-ROM

15 dri&é makerr(driﬁe maker) and that performed by a PC
maker (pefsonal-computer maker).

Fig. 27 is a flowchart showing the sequence of
manufacture of the CD-ROM drive 2 by a CD-ROM drive
maker. ‘

20 The CD-ROM drive maker purchases the
microcomputer 5 from an LSI maker, and assembles the
CD-ROM drivé 2. Its circuit portion is arranged on a
printed circuit board (PCB) (S40). At this time, a

program is written into the reboot program area 560 of

25 the flash memory 56 built in the microcomputer 5 in
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program may be witten. At this tinme, the user progran1area 561
of the flash nenory 56 is selected as an area to be - . rewitten.
Si rice the reboot program area 560 is not 5 an area to be rewitten,
even if an abnormality occurs during the rewiting operation of the
flash menory 56, the operation of rewiting the reboot program can be
again started i medi ately after the reboot programis execut ed,

wher eby recovery fron1an abnormal state 10 during rewiting does not
take much ti ne. Since the application program M2 is stored in
only the flash nenory 56 of the CO-ROMdrive 2, it is possi ble to

sinmplify controln, rBﬁQdeeEhgot ?ﬁ% rTgnﬁanners-ae hﬁﬁﬁﬁe§h&ht%ﬂ e tine

required for rewmttin since the applicafion program

and the r@ﬂ&%npﬁ@ﬁr&ﬂ@éemékefeﬂeifgﬁfngeﬁrhﬂlhBewﬁ.'tﬁS Ba"RPROY
56, an increase In the physical scale of the drive 2 can be

mnimzed to obfRitethesabpyetHesmahhed in whlehf actsémlaanaaasnaﬁ:ed with the
case in which both 20 prograns are respectively stored in separate

menori es. maker perfdemabweyéetiiegcinbeheepbodesendf mhaufabtatring
program i ncludes the i nput control program the ' rewite control .
program and t hethe ant¢xocemputer 5 (S42p;ogndnth¢cmanu2ngﬁy wiieh t he user
program area 561
after the mlcrocomputer 5 is mounted on the printed
circuit board (S43), the microcomputer 5 is set to a
boot mode and writing is performed (S46).
If writing is to be performed with the EPROM
10 writer, a port 581 (not shown in Fig. 1) which
interfaces the internal bus 58 of the microcomputer 5
with the outside is connected to an EPROM writer 582,
as shown in Fig. 31 by way of example. The EPROM
writer 582 applies writing high voltage to the
15 microcomputer 5, and sets thg microcomputer 5 to a
program mode. Since the microcomputer 5 which has
been set to the program mode is regarded as matter
similat to a flash memory LSI by the EPROM writer 582,
the EPROM writer 582 bécomes able to rewrite the
20 built-in flash memory 56 of the microcomputer 5 from
the outside. In this state, the reboot program or the
" like is initially written into the reboot program area
560 of the flash memory 56 by the EPROM writer 582

(S41). After the reboot program has been written into

‘25 the reboot program area 560 of the microcomputer 5,
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25 iS to be updated, the host. 3 needs only to transfer to

- 57 - . the CD-ROM drive 2 the application. progranlto be
wiifen into the user programarea 561 after a wite command for the
flash menory 56, and does not need to transfer the rewite control
program Accordingly, 5 the processing tine required to update the user
program area 561 can be shortened further. The reboot program
area 560 has the reset vector BCT1 and the area which stores the
reset processing program PRGL. The CPU 51 responds to a reset 10
instruction and proceeds to the execution of reset- processing program

PRGL by referrln to.the reset . vector BCT1. ile e the reset
processi ng %fHBBFEFFPNG?tthé Esymep iﬁg} 4%ﬁ&uqﬁthﬁ%ed
reboot node cap blggtdmj8 Cgil%og.g ggmt ALY | (tsei4(3om@nc1denta15.r omthe host

3 has been sel e
Fig. 31, identical reference numerals are used to

denote circuit blocks identical to those shown in Fig.
5 1.

If writing to the reboot program area 560 of the
microcomputer 5 has already been completed by the LSI
maker (S42), the microcomputer 5 is mounted on the
printed circuit board of the CD-ROM drive 2 (S45).

10 | After the microcomputer 5 has been mounted on the
printed circuit board, if it is desired to set the
microcomputer 5 to the boot mode and write the program
into the reboot program area 560 (846), control is
perfdrmed by a host 584 connected to the micfocdmputer

15 5 via a serial port 583 such as RS23C, as shown in
Fig. 30 by way of'example. The microcomputer 5 shown
in Fig. 30 has a construction in which a SCI circuit
585, a boot ROM 586 and a port 587 are added to the
microcomputer 5 shown in Fig. 1. When writing high

20 voltage 588 and a boot mode signal 589 are supplied

| from the SCI circuit 585 to the microcomputer 5 via
the port 587, the CPU 51 executes the boot program of
the boot ROM 586. By executing the boot program, the
CPU 51 totally erases the flash memory 56 and

25 initializes the SCI circuit 585 so that the
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whet hef the di sk ejecting switch has been pressed 1t th

reboot node is selected, the CPU 51 proceeds to the execution of the
r eboot program af ter receiving a rewite command input. |If the forced
20 reboot node is not selected, the CPU 51 brings the application
programin the user programarea to an execut abl e state. Accordingly,
even if an abnormality occurs during-the rewiting of the flash
menory 56, if reset is perforned to specify the forced reboot nopde,

25 the CPU 51 can easily recover fromthe -abnormality and

- 58 - return to the processing of rewiting the. flash
memory 56 m il olcBmputRIPECcadS Mtldrrddie vﬂfiﬂ?eﬁﬁé Hbdt BB4 via
required to update the user program area can. short ened. 5

The flash menor ¥hs6 sleas allh@opitusalsi.t yTaé apmosz perforoekatBo0tBLKN each
of which constitutes a

write programs supplled from the host 584 into the

reboot program area 560 of the flash memory 56. Thus,

5 programs such as a reboot program of the type

described previously with reference to Fig. 2 are

written into the reboot program area 560 of the flash

memory 56, Incidentally, the speed of the writing

operation using .the serial port 583 is generally slow

10 becauee_of its nature. In this case, the serial 'port
583 which is not directly used for a disk accessing
operation must be especially disposed on the circuit
board of the CD-ROM drive 2, so that attention must be
paid to the fact'that the physical scale of the '

15  circuit board of the CD-ROM drive 2 becomes larger.
If priority is given to a reduction in the physical
scale of the CD-ROM drive 2, it is preferable not to
dispose an arrangement for writing a program via the
serial port 583. |

20 'After the reboot program area 560 of the flash
memory 56 has been initialized in any one of the
above-described-steps S44, S45 and S46, the
microcomputer -5 is reset, and the forced reboot
program mode is set so that writing to the user

25 program area 561 is performed (S47). Then, when a

- 79 -



coll ectively erasable unit. Since the reboot program area and the
user program area are assigned to nmutual ly different nmenory Dbl ocks,
t hé operation of 10 erasing the user program area 561 can be nade
efficient. -1 n other words, when the user program area 561 is being
rewitten, it is possible to performthe operation of erasing the
user program area 561 at the sane tine. 15 Si nce the ATAPI
interface circuit 4 is used as an interface with the host 3, the
CD-ROM drive 2 can use a new interface such as enhanced |IDE while

I nheriting t he past accunul ated software prdperty for di sk drives

whi ch conform g1 Comhahd! 25 266u88°6kbhCRHECRSE" 3, 2Bne LBBGbike: and

furthernore, it TS possl to rea cost refuctron. |nce t he

ATAPI |nterfacepro ramSﬂécééti@étéasaﬁénéﬂé”b%ﬁlié&tigﬁ bEb?&BﬁC%uW%!Ch has
wi dely spread he field of personal conmputers or , a

CD-drive naker &@%Mﬁpyﬁea@ioﬂ pB6§radSis wysteenf Qﬁtbt &her agegtion line
to rewite the user 59
program area 561 (S48). It is determlned whether the
5 application program has been normally wriften (S49),
and if an abnormality is detected, the reboot program
is again activated (s50). If the application prbgram
has been normally written, the microcoﬁputer 5 is made
to execute the written application program to perform
10 an operation test on the CD-ROM drive 2 (S51). If no
abnormality is found in the CD-ROM drive 2 in the
operation test, the CD-ROM drive 2 is delivered to the
PC maker (S52). |
It is to be noted that writing to the reboot
15 program area 560 of thé-flash memory 56 and writing.to
the user program area 561 of the same may be performed
not separately but all together, as shown in Fig. 29
by way of example. Specifically, in Step S41A shown
in Fig. 29, all fhe programs are written into the
20 reboot program area 560 and the user program area 561
of thé flash memory 56 by using the EPROM writer. In
Step S42A, the LSI maker which manufacturés the
microcomputer 5 writes all the programs. In Step

S43A, the CD-ROM drive maker writes all the programs

25 by using the boot mode of the microcomputer 5.
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k4

program area 561. A personal conputer setting maker " can rewite the

repr oduci ng control program by using a personal conputer with a
CD-ROM dri ve being - incorporated in the personal conputer. 5

<<Per sonal Computer>> Fig. 9 shows one exanple of a persona

conput er 30 which has the CD-ROM drive 2 in built-in form In

‘the personal conputer 30, a mcroprocessor 31 is - - connected to, but

not limted to, an internal bus (PCI 10 bus) 33 which conforns to a PCl
bus standard, via a PCl (Peripheral Conponent I|nterconnect) bus
controller 32. An IDE interface controller 34 which is
representatively shomn as eri contr ller is nnec, to the
internal bus 33, and ﬁﬁe ¢ pEﬁV@ chpzt s °W§“@bHW§bF@&WP %lﬂfeﬁgf

f | |
i nierface cabl Lgeqeéngems erateaeSRPabE Sob BotrelliS RelERIRE B s oo

control between 6 d~tih | 5b
m cr-opr ocessor 5? H?h P %38§st§%nFPo H%%@@ 5 H%l ﬁgﬁeﬁfgyhg?ﬁ%us-ES and

the | DE |nterfaﬁggcggggglhgker. 34 constltute a PC board (main board)
37. The PC oar the CD-ROM drive 2 and the hard disk 36 are

5 The PC maker 1ncorporates the CD-ROM drive 2
delivered by the CD-ROM drive maker into the
corresponding personal computer 30 (S53). At this
time, the CD-ROM drive 2 is connected to the IDE
interféce controller 34 of the PC board 37 via the

10 ATAPI interface circuit 4. In this state, the PC
maker accesseé the CD-ROM drive 2 and pérforms'
evaluation on the CD-ROM drive 2, while causing the
microprocessor 31 of the personal computer 30 to
‘execute a required test program, an arbitrary

15 application program. During this evaluation, the PC
maker checks whethef a bug is contained in the
application program of the CD-ROM drive 2 (S54), and
also checks whether the applicétion program includes a
portion having specifications to be changed by the PC

20 maker (S55). If there is no bug and the -
specifications need not bé changed, personal computers
of the same type are evaluated as producfs which can
be combined with the CD-ROM drive 2 without any
problem. The PC méker incorporates the CD-ROM drive 2

- 25 into a personal computer of this type and delivers. the
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built in a common case. Although not shown, other peri pher at
controllers such as a graphics accelerator, 25 a Centronics interface

control |l er which provides - 60 -

parallel interface with a printer and the Iike, and a fl oppy di sk
control |l er which provides interface control on a floppy disk drive
are connected to the I nternal bus 33, and are nmounted on the PC

boar d. 5 Referring to the correspondence between Fig. 9 and Fig. 1,
the host 3 shown in Fig. 1 corresponds to the portion of the personal
conputer 30 shown in Fig. 9 whi ch excl udes the CD-ROM drive 2.

In the personalpggggHé?rc %ufgraF83€Heéna'ﬁ§E§r(S%Q) to the

above-descri bed® one 0 eas dpdat e the reproducing

control program of thg ﬁémer hand!i Y€ 2 BigCadshBEebbedMifr 8RERCESSOr
31 to execute a utirlity progran1and transfer arewite conmand or a

S54 and a specification to be changed is detected in,
Step S55, information about the bug and the |

5 specification to be changed is transmitted to the CD-
ROM drive maker. At this time, the PC maker does not
need to remove the CD-ROM drive 2 itself from the
personal computer 30 and send back the CD-ROM drive 2
to the CD-ROM drive maker.

10 | The CD-ROM drive maker corrects the applicafion
program in accordance with the information (S56). The
corrected application program is transmitted to the PC
maker, for example, via the Internet or the like
(855). The transmitted corrected applicatidn program

15 can be received by the personal computer which is used
in actual evaluation. Then, the received corrected
application program is written into the flash memory
56 of the CD-ROM driVe 2 (S58). As described
previously in detail, by setting the microcomputer 5

20 to the forced reboot mode, it is possible to
immediately perform the writing operation in the
personal computer 30 itself. It is determined whether
the corrected application program has been normally
written (S59), and-if an abnormality is detected, the

25 reboot program is again activated (S60). If the
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new application programto the CO-ROM drive 2, without 15 changing the
state of connection between the CD ROM drive 2 and the. IDE interface
controller 34 or wthout renmoving the CD-ROM drive 2 fromthe case of
t he . per sonal conputer 30. <<Qperation of Rewiting User
Program Area>> 20 Figs. 10 to 15 sequentially show the operation of
rewiting the application programin the CD-ROM drive 2 which is
nounted in the personal . conputer 30 shown in Fig. 9. In each of Figs.
10 to 15, the CD-ROM drive 2 is shown on an enlarged scal e outside a
case 25 38 of the personal conputer 30.

61 - I,g. .10 shows an {nit state, .and the CD-ROM
drive 2 is conn€€F€8°F8dtﬁBPEB%aFﬁPBrPgegr@Hnbﬁélb@@n normaddy,j a the ATAPI
S e e | EoaRiRERYr A AC51880i0n of LRIk 0% HlRYLEAM O
computer is completed. In this manner, even if the
application program has a bug or the PC maker is to
5 change the specifications of-the application program,
the corrected application program can be easily
reinstalled in the CD-ROM drive 2, whereby the CD-ROM
drive 2 can be evaluated in a short time period in the
state of being incorporated in the personal computer
10 30.

Before the delivery of the personal computer, if
required, the PC maker may reinstall the corrected
application program in the CD-ROM drive 2 or the PC
maker itself may write the PC maker's unique

15 information (ID (identification) information of the
" CD-ROM drive 2) into the flash memory 56. Thus, the
personal computer is delivered to an end user (Sé6l).

Although the present invention made.by the
present inventor has been specifically described

20 hereinabove with reference to the embodiment, the
prevent invention is not limited to only the
embodiment, and it is needless to say that various
modifications can be made without departing from the
scope and spirit of the present invention.

25 For example, the manner of setting of the reboot
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5 control program M3 and the transfer control program M4 are stored
and the user programarea 561 in which the application. programM is
stored are assigned to mutual |y different nmenmory bl ocks.

As shown in Fig. 11, if the application program 10 is to be rewitten,
for exanple, an operator resets the CD-ROM drive.2 and presses the

di sk ej ecting swtch to set .the forced reboot node in the CD ROM
drive 2. For exanple, a floppy disk FD stores an application program
which is bug-fixed or upgraded 15 froman older version, and a utility
program f or witing the application programinto the CD-ROM drive

2. The utili i { f f . i
app i cat { on o PR £8 DAL EOPACRA £0 CAR) Abova-deRemihErnEgRnRISU o t he

oppy di sk FD into_ 20 _ the fl i | b |
to % SetivatBarRRSurepbES prABraRt $HaCLbETsRy WHENTERIIG vEHESE P %0

be stored In {NeatBtd ool 1n thig catliehd SEthABMOUABLIRRYY (M

like is perforned: é personal conput
25 'ns{rUCt'OPeQﬁYEnofythaev@ﬁabfaﬁﬁﬂqﬁé38§ﬁﬁ&n89fE@aﬁ§1possible to

- 62
5 transfer the processing of a CPU to a user reboot

program. If an application program is to be:written
into a nonvolatile memory for the first time on a mass
production line for a stored information réproducing
apparatus, control may be transferred to the user

10 reboot mode by detecting through software a state in
which nothing is stored (for example, all bits have
logic 0s or 1ls) in a secondary vector table placed at
the leading end of the application program. In
addition, a’predetermined block of a-flash memory may.

15 be constructed of two_bénks.so that either bank can be
used as a rewrite-inhibited area. Switchover between
‘the banks is linked to the setting of the user reboot
mode, énd a block on a write-inhibited side is used
during the user reboot mode. The above-described sum

20 may also be obtained not only by simply summing the
data of the user program area but also by summing the
data through appropriate logic.

Incidentally, the reboot program means an initial

program for writing or rewriting the application

25 program. Accordingly, it may also be understood that
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the mcroprocessor 31 of the personal conputer 30 outputs a wite
command for the flash nenory 56 (or t he af orenenti oned vendor uni que
conmand) via the |DE interface controller 34. The ATAPI interface
circui-t 5 4 recogni zes the wite command, and supplies the

interrupt signal 42 to the CPU 51. Thus, the CPU 51 executes the

i nput control program M and, first of all, clears the contents of

t he buffer RAM 16. As shown in Fig. 12, the mcroprocessor 31 of
the 10 personal conputer 30 outputs a new application program Vi a
the IDE interface controller 34 subsequently to the wite command.

The CPU 51 the. | : | pE M, Th he CPU 51
sequentially  tne it iallReogppm 48 PERERAOIRIRNEUBSPOSY PEOBREMATAP 15

‘interface circué%e4, into the buffer RAM 16. |If parity is added to
information sequ ﬁ?TaIIy suppl i ed to the ATAPI interface circuit 4, a
parity check is made, and retransfer of a data bl ock corresponding to
‘a data bl ock having an error is requested. 20 . As shown in Fig. 13,

after the new apphusetif0 applicability

5 As is+apparent from the foregoing description,
the disk drive according to the present invention can |
be widely applied to not only CD-ROM drives but also
other recorded information producing apparatus or
information recording/reproducing apparatus. Such

10 disk drive can be mounted in not only personal
computers but also a wide variety of computers such as
workstations and office computers irrespective of

their names.
e

N,
o
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giggﬁmogazf b?ﬁg tS£ g:}ggeirncggfrgrffer RAg/Ir ég}a%h(l\amcp‘llghus thellmﬁﬂﬂ'n"["n””"l

transfers the erase/wite control program M3 to the work "RA¥M 5% of S
25 the m croconputer 5. - 63 -

As shown in Fig. 14, after the transfer of the erase/wite control
program MB to the work RAM 57 has been conpl eted, the CPU 51 proceeds
to execution of the erase/wite control p qgﬁ?@k s 1 the work
5 RAM 57. A block to be erased at this tinme i 5%&%@ f n

accor dance mﬁthciggmﬁrase/mmite contr ol p_nmran$ th addikion
during this ti i gh voltage for witing and erasing IS being

supplied to 3, thg mgkoafwateamgnwﬁﬁ taec%gss%(ewt%&%fsrfl tgne flash

program M3 is executed, first, the u ram area 561 o
nenory 56 is er@ss®, wiiéht e f@’ééﬂ:ﬁ.onally ah%ﬁsuaﬁ lintedifaldesd. Then, as

shown in Fig. 15
circuit connected to said access means and interfaced
5 with an outside; and a microcomputer which controls an
operation of said access means and which is connected
to said interface circuit,
said microcomputer including one semiconductor
‘substrate having an electrically erasable and
10 programmable nonvolatile semiconductor memory and a
central processing unit which accesses said
- nonvolatile semiconductor memory,
said nonvolatile semiconductor memory having a
reboot program area and an application program érea in

15 its memory aréa,

said application program area héving an area
which stores an application program to be executed by
said central processing unit to control said access
means and said interface circuit,

20 said reboot program area having an area which
stores a reboot program which causes said central
processing unit to ekecute processing for rewriting
éaid application program area,

said central processing unit executing said

25 reboot program to rewrite said application program
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the CPU 51 perforns both the operation of sequentially

new application programwhich is'stored in 15 the buffer - RAU“I"Im "I MII”"I
r epr oduci ng contr ol program into the user program area 361¢ofltHe

flash menory 56, and the operation of verifying the witten

result. Witing addresses and the like are specified ' by the

erase/wite control program M3, but this 20 specifying nethod is not a
limting exanple. After the end of the witing operation, when

the CD-ROM drive 2 is reset, the CD-ROM drive 2 can perform
reproducti on contr ol on CD- ROM i n accor dance ‘Wi th the updated.
apolication progeal sn®inote or pade, gl PARRBNSE Y SREAL o0k of,

rewriting the user the transfer sq{ ﬁgre i's

activated, the ngggrfor sg}gngpgigcpa:l[owepg&fgg:ggn RAG3 & H

:appllcatlon supplied to said interface circuit from the outside,

or executing said application program stored in said
5 application program area to control said access means
and said interface circuit, in response to a disk
access command sﬁppliéd to said interface circuit from
the outside.
2. A disk drive according to claim 1, wherein said
10 reboot progiam includes an input control program; a
rewrite'coﬁtrol program and a transfer control
program,
said central processing unit which responds to
the rewrite command providing control to execute said
15 input control.proéram and fetch said aéplication
program which is, in whole or part, supplied to said
interface circuit from the outside, execute said
transfer control program and transfer said rewrite -
control program from said reboot progtam area to a
20 built-in RAM of said microcomputer, and'execute said
rewrite control program transferred to said built-in
RAM and write said application program fetched in
ﬁhole or part, into said application pfogram area.
3. A disk drive according to claim 1, wherein said

25 reboot program includes an input control program and a
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3

program suppl i ed from the m croprocessor 31 via the N ATAPMlmmlmllm"Il””"I
circuit 4, and transfers the erase/wite control progra
L]

wor k* RAM 57 (S20). During transfer, the CPU 51 nakes a parity ¢t
check or a sum check to nonitor the presence or ' absence of an
abnormal transfer (S21). If an abnormal 10 tr @ﬂ§ $ $k§ cteq, the CPU
51 retransfers the correspondi ng appli cat} p Eﬁ ¥t he
transfer of the new application program:t t he REBEACGED RAM 16

and the transfer of the erase/wite control program M 10 the work

RAM 57 have been conpleted, the user 15 programarea 561 of the flash

menory 56 is erggadsfer conbzd]l, prégralgn, the new application program
transferred to the buffer RAM 16 is witten into the user program -

area 561 of the flasbaddnmoentr@l( 23ressing uhlienwhilet Wespgsdaia i s
verified (S24). 20 Needl ess to say, the above-described processing
of rewiting ththeseewpiter eommaed PBovidingecontrolpeo exeenits tdaidie host.
3 by a CD-ROM drive maker, but the processing shown in Figs. 10 to 16
can al so be lnPEFa@@§t§§laPW§9ﬁém andciiesfhogeid pavisensiontagdut er 25

maker to reinstall a bug-fixed application programin
- 65 - 5 program gnd said ggpllcatlonpprggram which 1s, in

whole or part, supplied to said interface circuit from
the outside, execute said transfer control program and
transfer said fetched rewrite control program to a
built-in RAM of said microcomputer, and execute said

10 rewrite control program transferred to said built-in
RAM and write said application program fetched in
whble or part, into said application program area.
4. A disk drive according to claim 2 or 3, wherein
said reboot program further includes an area which

15 stores a vector table and a reset processing program,

said central processing unit, in response to a

reset instruction, proceeding to execution of said
reset processing program by referring to said vector
table, and, during the execution of said reset

20 processing program, determining whether said central
processing unit is in a forced reboot state capable of
responding to the rewrite command; when in the forced
reboot state, ‘said central processing unit proceeding
to execution of said reboot program after receiving an

25 input of the rewrite command; when not in the forced

This Sheet Has Been Replaced - 88 -

TR




the user program area 561 during a period of time in mﬂ ml
personal - conput er naker eval uates the CD-ROM drive 2 on t l"”““l""n
S

computer 30 in which, for exanple, the CO-ROM drive 2 is roufitel a%
standard 5 equi prent . As descri bed above with reference to
Figs. 10 to 16, during the rewiting of pt-he—user—program area 561

of the CDOROM drive 2, the PC board-37 of the]J8i%SHEET HAS BEEN)aputer 30

serves as the host, and the application 10 prograﬂnAnEmhe CO} ROM drive 2
can be rewitten via the PC board 37. ACTordrmgty—t+t+—t+s—possible to
change the whole or part of the application programof the

CD- ROM d 2 '
interf acreI \égnt roﬁugpgargé%t&%r %%rlgd%gn%%aﬁogﬁk@rﬁscsrloﬁ ocessﬁ%wé%out
removi ng the CDeBOM state @E‘ﬁ%l%nggTéjﬁ%lgﬁéaﬂﬁﬂ é&ﬁﬁ“ﬂ lfg%tlo

Accordingly, in the present situatiion I n which ‘the | e of Ihange of

reproduci ng spegﬂog@ahhet@ea% said @rppmq&ﬁl%rﬁ@ﬁoejﬁwﬁwt and the
_CD-RCNIdrlve 2

5. A disk drive according to claim 2 or 3, wherein
5 said application program area further includes in a
memory area thereof a sum storing area which stores a
sum of information held in another memory area,
.said reboot program area further having an area
which stores a vector table and a reset processing
10 program,
said central processing unit, in response to a
reset instruction, proceeding to execution of said
reset processing program by referring to said vector
table, and,.during the execution of said reset
15 processing program, determining whether said central
processing unit is in a forced reboot state capable of
responding to the rewrite command; when in the forced
reboot state,_said central processing unit proceeding
to execution of said reboot program after receiving an
20 input of the rewrite command; when not in the forced
reboot state, said central'précessing unit determining
whether the sum stored in said sum storing area
coincides with a sum of the information held in said
other memory area;.if it is not determined that both

25 sums coincide with each other, said central processing
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20 nounted in the personal conputer 30 as standard C eqULWHJIlﬂ“lL"II”HIII
that a CD-ROM drive naker nust prepare application progréa e h i
CD-ROM drive 2, which have different specifications for individual

per sonal - conput er mekers, a personal -conputer maker can 25

eval uate the CD-ROM drive 2 which is incorporated: in
66 the personal conputer 30, while receiving a bug-fix

or " an additional function relative to the application program
fromthe CD-ROM drive maker throughout the period of evaluation of
the CO-ROM drive 2. As 5 described previously, the CO-ROMdrive 2 is

provi ded Uniilk pRotecdinly 4> Rhkidcuitddin oFMYalild G dHRAE T P
the user program area 561 and the capability to : rapi dlI'y r'ecover from
an abnornality diftiefrgreedivtingdan input) @FexhieNgewid teeldondrl hef it
rewiting processing, so 10 that, throughout the period of evaluation of
t he CD- is determined that both sums coincide with each other,
said central processing unit proceeding to a state of
5 being able to execute said application program stored
in said application program area.
6. A disk drive according to claim 1, wherein said
nonvqlatile semiconductor memory is a flash memory
having a plurality of memory blocks each of which
10 constitutes a collectively erasable unit, sai& reboot
program area and said application program area being
assigned to mutually different memory blocks.
7. A disk drive according to claim 1, wherein said
reboot program area holds a program written in a
15  process of manufacturing said microcomputer.
8. A disk drive according to claim 1, further
comprising means for inhibiting fewrite of said reboot
program area.
9. A disk drive according to claim 1, wherein said
20 interface circuit has ATAPI interface specifications.
10. A computer comprising: a main board including a
microprocessor and a peripheral interface controller
which are connected to a bus; and a disk drive

according to claim 1, said disk drive being connected

25 to said peripheral interface controller via said
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ROM drive 2, the personal -conputer maker can efficiently|HE "
the-contents of the flash menory . 56 built inthe m croc.ormm IlEIll"H""IIIl
a nodified application program Accordingly, the personal®* 5t * s *
conput er maker can shorten the period of eval uation of di sk drives.

Thus, in the present situation in which the cycle of change of

repr educi ng speed in the CO-ROM drive 2 Is extrenely short, the

per sonal - conput er naker can 20 efficiently market the personal conputer
30 which is provided with the CO-ROM drive 2 having a faster :

duci d . Lp addition, .even.i : i ng -
for e e pEpteRgRCeofteut: ERHAR. AR BB dRaN Fah i 25 of der

Yz o 1t TSROSh O EnbRLLPEL Bk RERGR 8 madn bospd dnednding 4,
interface microprocessor and an IDE interface controller which
are éonnected_to a PCI bus; and a disk drive according
5 to claim 9, said disk drive being connected to said
IDE interface controller via said interface circuit
included in said disk drive. .
12. A computer according to claim il, wherein said
main board and said disk drive are incorporated in one
10 case.
13. A computer comprising: a main board including a
microprocessor and a peripheral interface controller
~which are connected to a Bus; and a disk drive
connected to said peripheral interface controller,
15 said main board and said disk drive being incorporated
ih one case, |
said disk drive inciuding reproducing means
reading and reproducing recorded information from a
disk which is rotationally driven, an interface
20 circuit which outputs information reproduced by said
reproducing means to said peripheral interface
controller and also receives information supplied via
said peripheral interface controller, and a

microcomputer connected to said reproducing means and

25 said interface circuit,
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function whi ch processes commands relative to the nDdlfl

an interface control program of an application program: EHIIIm "m"“H "III " III|
The application programcan be supplied froma conpany whith® *

manuf actures or sells the CD-ROM drive 2 to a personal -conmput er nmaker -

or a conpany which sells a personal conputer, or fromthe
per sonal - conput er maker or the conpany R nal
conputer 10 to an end user of the personal ﬁﬁﬁTmﬁrgEm
communi cations means such as the Internet. . AcBEPIACERI y, i{ is
possi bl e to instantaneously send the application programto the
personal -conputer  saida®ro AP AN WM 151y Hé SsditfcHRISOR6t
conmputer, 15 or the.end user of the personal conputer.

Accordingly, if substperteohalvieryplicentidl pryossiay unit amd hamar dware or
software for gaining access to the Internet, a reproducing control
program whi ch i elleu:grlcally feineachbdre gy qx:l:e:@!;rfanmm}:alre alaleroderslen can be
easily 20 reinstalled in the user program area 561, whereby not

only is it possSBméCP@d§ﬁ@PEemﬁmQ§Yper|od of eval uation of the CD ROM
drive by the personal - mput.er nmaker, but also the end user can
easily 5 change £Rddf Bﬁ’@f"lod-ﬁé'-léﬁ ﬁﬁ@mtdﬂi Wemorys having a

<<Downl oadi ng of E e/Wite Control Prograne>
reboo program area and a appllcatlon program area in

its memory area,
said application program area having an area
which stores an application program to be executed by
10 said central processing unit to control said
reproducing means and said interface circuit,
said reboot program area having an area which
stores a reboot program which causes said central
processing unit to execute processing for rewriting
15 said applicafion program'area,

' said centra1 processing unit executing said
reboot program to rewrite said application program
area in whole or part, in response to a rewrite
cémmand for said application program area which is

20 supplied to said interface circuit via said péripheral
interface controller, or executing said application
program to control said reproducing means and said
interface circuit, in.response to a disk access
command supplied tb said interface circuit via said

25 peripheral interface controller.
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érg‘gg;;vri te control program M3 : 2 E:Ilhgpggg\éel getsﬁtral ngrconst o Ilmuullmuullll " IIII
561 of the flash nenory 56, and the erase/wite control pfogﬁaﬂah@ i 8

i nternally. 5 transferred fromthe user programarea 561 so that the
CPU_51 executes the transferred program Ho “EE AS BEENa'ase/write
he hoBEP

control program M3 nmay not. be stored in nenory 56, and nmay
be downl oaded to the work RAM 57 vi a P the PC board 37
each time the 10 wuser programarea 561 is rewitten. |In this case,

since the 1 ashy §eroRyc3ipfRes ABpIGbdrdle o v pEAPYMILALEY (O

program even I accl cutes the

program st or ed hﬂcggprocéggoilﬁﬁﬁ gﬁn&bﬁ.igtéffﬁaé'é%dﬁ%dlfg%tﬁﬁﬁcﬁhe

flash 15 nenory IS erroneously rewit Figs. 17 to 22

sequentially shgye &Bfneeeeat téNa pcCI b%fs r%‘ﬂfd @ o s 3R 'diﬁiﬂélfté& ogram
of the CD- ROM

to said IDE interface controller, said PC board and
5 said disk drive being incorporated in one case,
said disk drive including: access means accessing
a disk which is rotationally driven; an ATAPI
interface circuit connected to said access means'and
connected to said IDE interface controller; énd a
10 microcomputer which controls an operation of said
access means and which is connected to said ATAPI
interface circuit,.
said microcomputer including one semiconductor
substrate having an electrically erasable and
15 programmable nonvolatile semiconductor memory and a .
central processing unit which executes a program |
stored in said nonvolatile semiconductor memory,
said nonvolatile semiconductor memory having a
reboot program area and an application program area in
20 its memory area, |
said application program area having an area
which stores an application program to be executed by
said centrai processing unit to control said access
means and said ATAPI interface circuit,

25 said reboot program area having an area which
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drive 2 which is mounted in the personal conputer 30,  °
where the flash nenory 56 does not hold 20 t he eraseIMW|te ﬂlﬂﬂ

progfam MB. I n each of Figs. 17 to 22, the CD drive 24scs WnHons *
an enl ar ged scal e outside the case 38 of the personal conput er

Fig.. 17 shows an initial state, and the CD-ROM drive 2 is connected

to the IDE interface controller 25 34 via the ATAPI bus 35. The
erase/wite control - 69 -

program M3 is not stored in the reboot program area’ 560.

As shown in Fig. 18, if the application program - Is to be rewitten,

f | e, t th
sk o ot ing | SCOTeR, & veBRE tante, i eddi e g Hibddipnting e
drive 2. For eX@”EEBothﬁergﬁﬂywﬂh%h ERuskd’ 821 centra PR dsSid Oy

program which is bug-fixed or upgraded
unit to execute processing for rewriting said

application program area in whole or part,

5 said central processing unit, in response to a
reset-instruction, proceeding to execution of said
reset processing progfam by referring to said vector
table, and, during the execution of said reset
processing program, détermining whether said central

10 processing unit is in a forced reboot state capable of
responding to a rewrite command for said application
program erea which is supplied to said ATAPI interface
circuit via said IDE interface controller} when in the
forced reboot state, said central processing unit

15 proceeding to execution of said reboot program after
receiving an input of the rewrite command; when not in
the forced reboot state, said central processing unit
proceeding to a state of being able to execute said
application program stored in said application program

20 area.

15. A cemputer comprising: a PC board including a
microprocessor and an IDE interface controller which
are connected to a bus; and a disk drive connected to
said IDE interface.controller, said PC board and said

25 disk drive being incorporated in one case,
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from an ol der version, an erase/wite control program 10 to ﬁﬂﬂﬁﬁ"“"l"
by the CPU 51 to wite the application programinto the u

area 561, and a utility programto be executed by the nicrbp

31 to cause the CPU 51 to execute the processing of remwltlng
the _user programarea 561. The utility 15 Qﬂ$O§H T &S BEBNYf er software
for transferring the application pro{ a }_K&Derase/vwite control
programto the CD-ROM drive 2. The operatorlinse e fl oppy disk
FD into the floppy disk drive of the - per sonal conputer 30 to activate

the transfer 20 Sgéi&ﬁaﬁskv\ﬁgﬁvét hb&ﬁd&hgqra@c@@é a %&%@é&éﬁﬂlgn

the hard di sk 36. en a kKey mani pul ation or

per f or med a08iskewReERONS! r60ERYLRR1TY bR iFenQ' Q%“%@:A\ﬁllt h an
instruction given by the activated transfef softwale,

”1$BODVOCESSOF BAterfabe eereansl cénnpyted 80 said access means and
) - connected to said IDE interface controller; and a
5 microcomputer which controls an operation of said
access means and which is connected to said ATAPI
interface circuit,
said microcomputer inclﬁding one semiconductor
substrate having an electrically erasable and
10 programmable nonvolatile semiconducﬁor memory and é
central processing unit which executes a program
stored iﬂ_said nonvolatile semiconduétor'memory,
said nonvolatile semiconductor memory having a
reboot program area and an application program area in
15 its memory area, |
said application program area having an area
which stores an application program to be executed by
said central processing unit to control said access
means and said ATAPI interface circuit, said
20 application program area having.iﬁ a memory area
thereof a sum storing area which stores a sum of
information held in another memory area,
said reboot program area having an area which

stores a vector table, a reset processing program and

25 a reboot program which causes said central processing
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o bF arant oned vendor uni que. Cantmnd) viathe I0E. intert AR A
AT

controll er 34. The ATAPI interface circuit 4 recogni zes the Wri
command, and supplies the 5 interrupt signal 42 to the CPU 51. Thus,

t he CPU 51 executes the input control program ML and, first of

all, clears the contents of the buffer RAM 16. As shown in Fig.
19, the mcroprocessor 31 of the . personal conputer 30 outputs a new
application program 10 and the erase/wite control programvia the |IDE
interface controller 34 subsequently to the wite command. The CPU 51

executes the input.captre roqr. THUS, {ggﬁ sequentially
Bifres 2B e?é CSHES, 8rBC%Sq' d[vElfé) reraser/_lvvrl ggpgéo%lrol

stores the appltcation program an 15

program suppl i edpbg i b 8K Brdgafl h3e® G Whdiehor part, Nto the buffer
RAM 16. As shown in“Fig. 20, after the new application

program and the erasghid tentealll propeediddg havt beeh responsd aieg i n the
buffer RAM 16, the CPU 51 proceeds to 20 execution of the transfer

control progranrdbet Thesruction,t peroCRddihg nicerexaldut ilcrarsf arpid he
erase/wite control program M3 fromthe buffer RAM 16 to the work
RAM 57 of t%He nresetoppatessing program byTheferasnghden saidrivectad; t he
CPU 51 proceeds to
table, and, during the execution of said reset
processing program, determininé whether said central
processing unit is in a forced reboot state capable of
responding to a rewrite command for said application
10 program area which is supplied to said ATAPI interface
circuit via said IDE interface contrcller; when in the
forced reboot state, said cehtral processing unit
proceeding to execution of said reboot program after
receiving an input of the rewrite command; when not in
15  the forced reboot state, said central processing unit
determining whether the sum stored in said sum storing
area coincides with a sum of the information held in
said other memory area; if it is not determined that
both sums coincide with each other, said central
20 processing unit proceeding to execution of said réboot
program after receiving an input of the rewrite
command; if it is determined that both sums coincide
with each other, said central processing unit

proceeding to a state of being able to execute the

25 application program stored in said application program

- 96 -
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time is specified in accordance with the erase/wite *cénttol®
program M3. In addition, during this tine, a hi gh voltage for witing
and .erasing is being supplied 5 to the mcroconputer 5. Wen the
erase/wite control program MB is executed, first, the user program
area 561 of the flash nmenory 56 is erased, and the result of
erasure is verified: Then, as shown in Fig. 22, the CPU 51 perforns
both the operat jpg50f sequentlally 10 witing the new application program
which is stored in the buffer RAM 16, into the user program area 561

of the flagh nRNMEi¥kSEriv¥edcbhpraBandt: eptlod®iidy ndéns the
witten result. After the end of the witing operation, when the

CD-ROM drive 2 read&fgt andiheepPlboduting ReWodidede ik foamatdionofRceR oduction
control on CD ROM
disk which is rotationally drlven- an interface
-5 circuit which is interfaced with a host connected to
said reproducing means; and a microcomputer which
‘controls an operation of said reproducing means and
which is connected to said interface circuit,
said microcomputer including a central processing
10 unit and an electrically erasable and programmable
nonvolatile semiconductor memory,
said nonvolatile semiconductor memory having an
application program area which stores a program fdr
controlling a reproducing operation of said
15 reproducing means and an operation of said interface
circuit, and a reboot program area in which rewriting
of stored information is inhibited, |
said central processing unit executing a program
of said reboot program in response to a reset |
20 instruction, and determining whether said central
processing unit is in a forcéd reboot state capable of
responding to a rewrite command for said application
program area, which is issued from said host; when in

the forced reboot state, said central processing unit,

25 after receiving an input of the rewrite command,
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in éccbr&ance with the updated application program Lﬂﬁlﬂﬂﬂtﬁﬂﬁ“"l"“"
agai nst User Program Area>> The setting of the abov

forced reboot node requires the mani pul ation of the disk eJectlng " 20
switch. 1In the follow ng description, reference wll be nmade to the
CD-ROM drive 2 which makes it possible - to set not only the forced
reboot node but al so an oper ati onal node capable of rewiting the
user program area 561. 25 = = Unl i ke the user program area 561
shown in Fig. 2, - 72 - '

e e D % B Ea G IoRet SoFLlurkie 43l appr IR KR
heh ot " Beng 11, TREBEYoR el WALHS bRl R e o o
area 561 is per§gigesntékfhtartyrk@ithgrtePoehe input of the rewrite
command; when not in the forced reboot state, said
5 central processing unit proceeding to a state of being
able to execute the program stored in said application
program area.
17. A disk drive comprising: feproducing means
reading and reproducing recorded information from a
10 disk which is rotationally driven; an interface
ciréuit which is interfaced with a.host qonnected té
said reproducing means; and a microcomputer which
controls an operation of said reproducing means and
which is connected to said interface circuit,.
15 said microcomputer including a ceﬁtral processing
unit and an electrically erasable and programmable
'nonvolatile semiconductor memory,
said nonvolatile semiconductor memory having an
application program area which stores a program for
20 controlling a reproducing operation of said
reproducing means and an operation of said intérface
circuit, and a reboot program area in which rewriting
of stored information is inhibited, said application
program area having in a memory area thereof a sum

25 storing area which stores a sum of information held in
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program area 560 described previously with reference o EIH"LIﬂIlLHI‘HIIII " I“I
reboot -program area 560 has an area whi ch stores: the res
BCT1, "the reset 10 processi ng program PRGL and the |ike. L

24 shows a flowchart of the operation of maki ng the user progran1area
561 rewitable on the basis of the sumat the tinme of reset.

If a reset interrupt occurs, the CPU 51 responds 15 to a reset

i nstruction and proceeds to execution of the reset processing program
PRGL by referring to the - reset vector BCT1 (S30), and initializes the
m croconputer 5 and its peripheral circuits (S31). Then, . the CPU
51 determ nes t C reboot node capabl e of responding to
arewite conngﬁgbgﬁér R%mgggeggesaélected (S32). If the disk ejecting

swi tch has beegapresspdoti prograft 8k nﬁQvtﬁs tnhpaxfe%rﬁﬁﬁ]

reboot node has been sel ected. P ﬁe @brce reboo ?f as been

sel ected, the ChRtopésphog¢eedsrt eab25 ae¥esiti 9&0@Esfsf1%?r DRRRYradl FHAM
after receiving the - 73°- _
a reboot program which causes said central processing
5 unit to execute procéssing for rewriting said
application program area in'whole or parﬁ,
said central processing unit, in response to a
reset instrﬁcfion, executing a program stored in said
reboot program area and determining whether sa;d
10 central processing unit is in a forced reboot state
capable of responding to a rewrite command for said
application program area which is issued from said
host; when in the forced reboot state, said central
processing unit, after receiving an input of the
15 réwrite cbmmand) providing control to rewrite said
application program area, in whole or part, with a
'program supplied to said interface circuit after the
input of the rewrite command; when not in the forced
reboot state, said central processing unit determining
20 whether the sum stored in said sum storing area
coincides with a sum of the information held in said
other memory area; if it is not determined that both
sums coincide with each other, said central processing

unit, after receiving an input of the rewrite command,

25 providing control to rewrite said application program
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t he Feboot program after receiving the input of the rewite “cofmma

5 (S34), and wites a new application programinto the user progran1.
area 561 as described previously (S35). +-he—end—of—t-hi-s

processing, the CPU 51 -conputes the sum| JHIS ISHEERHASSBEREH in the

user program area 561 . and stores the suqlln thaﬂgﬂﬁnstorlwg area M21.
10 If it is not determned in Step S32 Titat—tte for ced reboot
node has been sel ected, the CPU 51 conputes a sum as to t he user
program area 56 36): m e value

coi nci des érgg t)‘lﬁlewgl?%es{&%r gggﬁf t e sum%s){b(#ﬁatr{g ar 37) 15

If it is deter kRt t %?e r.dsfiﬁts
coincide with t gggu%? ?E%Q UEg%%%Ht s proceeds té’executlon 0 he reboot

program after commah8Geh¥ Q¢ tike dle%@ﬁuqﬂ‘ed *-t@larte\ud&? SE®Yknd{qdt 1S
determned in Step S37 "t hat “the conput ed val ue coincides wth the

sum the CPU 5lyfieheeachoother, saldsc%@ﬁd%rlypt@ae@sitnajohﬁn(tSBB) and
proceeds to the state of being able to execute a programstored in
t he user 5 proceeding to a state of being able to execute the
program stored in said application program area.
18. A disk drive according to claim 16 or 17, wherein
said nonvolatile semiconductor memory is a flash
memory having a plurality of memory blocks each of
10 which constitutes a collectively erasable unit, said
reboot program area and said application program area
being assigned to mutually different memory blocks.
19. A disk drive according to claim 18, wherein said
reboot program area holds a program writren in a
15 process of manufacturing said microcomputer.
20. .A computer comprising: a main board including a
microprocessor and a peripheral interface controller
which are connected to a bus; and a disk drive
according to claim 16 or 17, said main board and said
20 disk drive being incorporated in one case, said disk
drive being connected to said peripheral interface

controller via said interface circuit included in said

disk drive.
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prodréh1area 561 (S39). : In this manner, if the program-inthe
user 25 program area 561 is accidentally rewitten by an
- 74~ - abnormality of the host 3, the CD-RCNIdrlve 2 or

t he i ke, the operation of the CPU 51 can be made to self-

di agnostically proceed to the state of being able to rewite the user
program area 561, nerely by being 5 reset, even if the forced reboot
node i s not specified. Accordingly, it is possible to prevent the

mal function of the CD-ROM drive 2. <<Anot her Exanpl e of

Confi guration of Prograns>> ' I n the above description, the
application progpagyad i s disposed in the user programarea 561 of the
flash menory 56, .and the reboot programis disposed in the

reboot program area R6MicHowWeH ﬁte&h?ssoﬁhhﬁﬂrik'%ﬁ lntegfg dd'e prograns
in the CO-ROM drive 2 can be changed
circuit including an electrically erasable and

programmable nonvolatile semiconductor memory (56) and
5 a central processing unit (51) is used for control of
a disk drive (2). The nonvolatile semiconductor
memory holds an application program such as a recorded
‘information reproducing control program in an
application program area (561), and holds a reboot-

10 program used for updating the application program in a
reboot program area (560).' The central processing
unit executes the reboot program to rewrite the
application program in whole or part, in response to a
rewrite command for the application program whlch is

15° supplied from the outside.

Accordingly, even after the microcomputer is
mounted in the disk drive, it is possible to rewrite
the whale or part of the application program in the
nonvolatile semiconductor memory. At this time, since

- 20  the reboot program area is not an.area to be
rewritten, even if an abnormality occurs during the
rewriting of the nonvolatile semiconductor memory, it
is possible to immediately transfer control to the
operation of perfofming rewriting on the appliCation

25 program area, by again executing the reboot program.
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m check

H

the vector table is incorporated

|

easy to dynami cally change the contents of the

tabl e according to each operational
Fig. 26 shows another exanpl¥/28 the address map

In the exanple shown in Fig.

as follows. As shown in Fig. 25 by way of exanple,
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5 the state of being able to execute the application program of the

user program area 561, the CPU 51 can accept a-rewite command and
rewite the user program area 561. In this case, neither the
mani pul ati on of the disk ejecting switch nor a sumcheck is needed.
10 - <<Manner of Witing to Flash Menory>> A witing
operation for the reboot program area 2/28 560 and the user program ar ea
561 of the above- described flash nenory 56 will be described bel ow
in association with the processing performed by a CO-ROM 15 drive
maker (drive nmaker) and that performed by a PC maker
(per sonal - conput er naker). Fig. 27 is a flowhart show ng the
sequence of manuf acture of the CD-ROM drive 2 by a CD-ROM dri ve
maker. 20 The CD-ROM drive naker purchases the m cr oconput er
5 froman LSl meker, and assenbles t} ROM drive 2. Its circuit
portion is arranged on a pri ntEleui oard (PCB) ($40). At this
tinme, a programis witten into the reboot program area 560 of 25
the flash nenory 56 built in the mcroconputer 5 in
- 76 - 56
: AN
560A | REBOOT
PROGRAM
AREA
(REWRITE-)
INHIBITED
560B
[T e e [}
TRANSFER CONTROL PROGRAM !
560
S
N 561
SECONDARY VECTOR TABLE S
PROCESSING PROGRAM PROGRAM
AREA
- [USER
ROGRAM
AREA]
(REWRITE—)
ENABLED




any one of the follow ng manners: the manner in which t he CD- ROM
drive_maker perforns witing with an EPROM witer (S41); the manner
in which a sem conduct or maker performs witing in the process of
manuf act uri ng 5 the m croconputer 5 (S42); and the manner in which
after the mcroconputer 5 is nounted og tzge printed circuit board
(S43), the mcroconputer 5 is set to a / boot node and witing is
performed (S46). If witing is to be perforned with the EPROM
10 witer, a port 581 (not shown in Fig. 1) which interfaces the

I nternal bus 58 of the m croconputerp 'yt h the outside is connected
to an EPROM witer 582, as shHIG_Fi 9331 by way of exanple. The
EPROM witer 582 applies witing high voltage to the 15

m croconputer 5, and sets the mcroconputer 5 to a pr ogr am node.
Since the mcroconputer 5 which has to the program node is
regarded as matter simlar to a flmLSI by the EPROM wri ter
582, . the EPROM writer 582 becones abl e orevvritethg1 20 built-in
flash nenory 56 of the m croconput rN'IEEFf{NanlNITlALIZATION i

S2
USER
HEBOOI MODE |

NO

S3
AN
EXECUTE YES _
APPRICATION ;34
PROGRAM SET REBOOT FLAG .
IS S5
THERE ATAPI
INTEF;RUPT
¥ | _
( END )

FIG. 4
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EXECUTE REBOOT | |PROGRAM VIA SECONDARY
PROGRAM VECTOR TABLE
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the outside. In this state, the reboot programor the like is
initially witten into the reboot program area 560 of the flash
menory 56 by the EPROM writer 582 (S41). After the reboot program has
been witten into 25 t he reboot program area 560 of the m croconputer 5,
- 77.- t he m'croco\r;rgy%gr 5 is nounted on the printed
circuit board of the CD-ROM dri (S44). Incidentally, in

Fig. 31, identical reference nunerals are used to denote circuit

bl ocks identical to those shown in Fig. 1. If witing to
t he reboot program area 560 of the onputer 5 has al ready been
conpleted by the LSI maker (SEI m?rocorrputer 5 is nounted on
t he printed circuit board of the CDRC]\/Idrlve 2 ($45). 10

After the m croconputer 5 has been nmounted on the printed circuit
board, if it is desired to set the C START )

S1
INTERNAL INITIALIZATION |

S2
USER
REBOOI MODE

S3
\'\
EXECUTE YES .
APPRICATION <S54
PROGRAM SET REBOOT FLAG

S5

IS
THERE ATAPI
INTERRUPT

(_END )

FIG. 4

(ATAPI INTERRUPT)
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PROGRAM VECTOR TABLE
= ]

CTEND O




m croconputer 5 to the boot node and wite the program into the
reboot program area 560 (S46), control is performed by a host 584
connected to the m croconputer 15 5 via a serial port 583 such as RS23C,
~as shown in Fig. 30 by way of exig%kﬁ. The m croconputer 5 shown

in Fig. 30 has a construction in which | circuit 585, a boot ROM
586 and a port 587 are added to the m croconputer 5 shown in Fig. 1.
When witing high 20 vol tage 588 and a boot node signal 589 are supplied
fromthe SCl circuit 585 to the m croconputer 5 via the port 587, the
CPU 51 executes the boot program of ~ the boot ROM 586. By executing

t he boot program the CPU 51 totally erases the flash nenory 56 and
25 initializes the SCI circuit 585 so that the

- 78 - m croconputer 5 can interface with the host 584
Vi a the serial port 583. The CPU 51 performs control to

FIG. 5
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write prograns supplied fromthe host 584 into the reboot program
area 560 of the flash nmenory 56. Thus, 5 prograns such as a reboot
program of the type described previously with reference to Fig. 2 are
witten into the reboot program area 5%9 Qé the flash menory 56.

I nci dentally, the speed of the witing / operation using the seri al
port 583 is generally slow 10 because of its nature. 1In this case, the
serial port 583 which is not directly used for a disk accessing
operation nust be especially disposed on the circuit board of the
CD-ROM drive 2, so that attention nust be paid to the fact that the
physi cal scale of the 15 circuit board of the CD-ROM drive 2 becones

| ar ger. If priority is given to a reduction in the physical

scale of the CD-ROMdrive 2, it is preferable not to di spose an
arrangenment for witing a programvi serial port 583. 20

After the reboot program area 560 of last; menory 56 has been
initialized in any one of the above descri bed steps S44, S45 and $46,
t he m croconputer 5 is reset, and the forced reboot pr ogram

mode is SePRQCE%tOFﬁMWA@T[URINGSMICROGOMW?ERam area 561 is perforned
(S47).  ThHAVINGEBUILT-IN FLASH MEMORY 79

(MANUFACTURE FLOW)
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wite command is issued fromthe host 3, the reboot - programis
activated and the application program such as an application program
is witten into the user program area 561 (S48). It is determ ned
whet her the 5 application programhas been normally witten (S49),

and jf an abnormality is detected, the&/&280t program is again
‘activated (S50). |If the application program has been nornmally
witten, the mcroconputer 5 is made to execute the witten
application programto perform 10 eration test on the CD-ROM drive
2 (S51). If no abnormalityifoigéin fhe CD-ROM drive 2 in the
operation test, the CO-ROMdrive 2 's Yeréd to the PC nmaker
(S52). It is to be noted that witing to the reboot 15

program area 560 of the flash nemory 56 and writing ANDn pE_Lh.Lus.e_al '
program area 561 of the sanme nmay be perforned an sepprately byt all
together, as shown in Fig. 29 by way of exanpl-e- ecj fically, {in
Step S41A shown '
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in Fig. 29, all the prograns are witten into the 20: reboot program area
560 and the user program area 561 of the flash nenory 56 by using the
EPROM writer. In Step S42A, the LSI maker which manufactures the

mi croconmputer 5 wites all the progranms. In Step S43A, the CD ROM
drive maker wites all the progranms 25 7/@g using the boot npode of the

m croconputer 5. - 80 - :

Fig. 28 is a flowhart show ng one exanple of the sequence of

eval uation of the personal conputer by the PC maker using the CD ROM
drive 2 delivered by the CDO ROM dri ve naker. 5 ‘The PC maker
i ncorporates the CD-ROM drive 2 delivered by the CD-ROM drive maker
into the correspondi ng personal conputer 30 (S53). At this

time, the CO-ROMdrive 2 is connected to the |IDE interface controller
34 of the PC board 37 via the

FIG. 9
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10 ATAPI interface circuit 4. In this state, the PC maker accesses

the CD-ROM drive 2 and perforns eval uation on the CO-ROM drive 2,
whi | e causing the m croprocessor 31 of the personal .conputer 30 to
execute a required test program an arbitrary 15 application program
During this evaluation, the PC maggroghecks whether a bug is

contained in the application programof the CO-ROM drive 2 (S54), and -
al so checks whether the application gyogram iyncl udes a portion having
specifications to be changed by the 20 ker (S55). |If there is no

bug and the specifications g not be jchanged, personal conputers

of the sane type are ev oquct s \gh can be conbined with
the CO-ROM drive 2 with any bl dmN\Jlhe PC meker incorporates the

CD-ROM drive 2 25 info

Hﬁ endf this type and delivers the
- 81 - '
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Y

per sonal
bug is detected in Step
det-ected in.

Step Sb5,

conputer to an end user (S61).

. On the other hand, if a
S54 and. a specification to be changed is

i nformati on about the bug and the
ROM dri ve

specification to be changed is transnmtted to the CD

maker. At this tine,
drive 2 itself fromthe

t he PC maker does rpt28

5

need to renove the CD-ROM
personal conputer 30 and send back the CD-ROM

drive 2 to the CD-ROM drive nmakg . 10 T ve naker
corrects the application progragr i n accendance t h %he i nf rmati on
(S56). The corrected appli catt progr s trarpm tqg to {he PC
maker, for exanple, via ( = The
transmitted correg S5PNJJcan bqg r QUegd by the
per sonal conputer u eﬁl ug i -Eﬁ_n, t he
recei ved correcte | S\\W{tt Qe 1l ash
menory 56 0 degcri %020 plevi ously
in detail, by set [to; f Aebpot node,
it is possible to el wfti e & |in the
per sonal conputer 3t herlf < I-H‘FE§ brrect ed
application progr | (e T & |an
abnornmality is de t he 25/’re ram {(s- 4};1%@1% (S60).
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- 82 - corrected application program has been normally

witten, the evaluation of this type of personal conputer is
conpleted.. In this manner, even if the - application program has a
bug or the PC maker is to 5 changs t he specifications of the
application program the corre éoqaappl I cation program can be easily

-reinstalled in the CD-ROM drive 2, whereby the CD-ROM drive 2 can be
evaluated in a short tine period i nghe state of being incorporated

in the personal L putpr 10 30. Bef ore=t he delivery of the -
personal conputef Of req , the, ker m& reinstall the
corrected pel i HRITON proodkm N\n t h§ 'RO\/Idr%eZor the PC
maker itself may t el |t fFe=—PE—ek=e Lgbe i kbormation (1D
(identification) for yat]]6n of e | drig=2) into the flash
menory 56. Thus, g8 o <<
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personal conputer is delivered to an end user (S61)- Alth'0ugh

the present invention nmade by the present inventor has been
specifically described 20 her ei nabove with reference to the enbodi nent,
t he prevent invention is not limted to only the enbodi nent,
and it is needless to say that variou$l/28  nodifications can be made
- Wi thout departing fromthe scope and spirit of the present
i nventi on. 25 For exanpl e, od he manner of setting of the reboot
- 83 - node is n limt to the above-descri bed
exanpl e, ' and t he reboot an al sglbq set with only a vendor
uni que command. In thi¢ ' th odi ng uo_ rexult of the
vendor uni que command, |i transferythe @rocessing of a
CPU to a user reboot pRIfi cation pzogréﬁlis to be
written into an f tWe first[tT1 €2 a mass
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production line for a stored i nf or mati on repr oduci ng apparatusj
control may be transferred to the user 10 reboot node by detecting

t hrough software a state in which nothing is stored (for exanple, al
bits have logic Gs or 1s) in a secondary vector table placed at
. the |l eading end of the application prg n In addition, a _
' predeternmi ned bl ock of a flash nenDrQﬂﬂégg115 be constructed of two banks
so that either bank can be used as a rewite-inhibited area.
Swi t chover bet ween t he banks &8s |inkef\to the setting of the user
r eboot node, and a bl ock on wite-i plNbited side is used
during the user reboot \abxve- degchi hed sum 2P al so be
obtai ned not only by s |y sunmh\Rg e \|dat a of %he Hg%r program ar ea
but al so by sunm ng 't hg | ropriate J ogi &=
I ncidental ly, the rebopti|frogra arm\\ n\t]i al @amfor witing
or rewiting the applifgaflion 25 r ccor di ngl W, |tjg§y al so be
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the initial programis stored in the reboot program ar ea.

I ndustrial Applicability 5 As is apparent fromthe foregoing
descri ption, the disk drive according to the present invention can
be widely applied to not only CO-ROM drives but al so ot her recorded

i nformation producing apparatus or  13/28nfornmation recording/reproducing
apparatus. Such 10 di sk drive can be nounted in not only personal
conputers but also a wi de variety odo conputdrs such as wor kst ati ons

and office conputers irrespective o ei r nanes.
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- 85 - Cl ai nms 1. A disk drive conprising:
access nmeans accessing a : di sk which is rotationally driven; an
interface circuit connected to said access neans and interfaced 5
wi th an outside; and a m croconputer which controls an oper.ati on of
sai d access means and which is connectt4l/28 to said interface circuit,
said m croconputer including one sem conduct or substrate having an

el ectrically erasable and 10 programmabl e nonvol atil e sem conduct or
menory and a central processing unit which accesses said

nonvol ati |l e sem conduct or nenory, sai d nonvol atil e sem conduct or
menory having a reboot. programarea in which rewiting of stored
information is 15 i nhibited and an application programarea in its nmenory
ar ea, sai d application program area having an area

- FIG. 16

USER PROGRAM AREA REWRITING FLOWCHART
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whi ch stores an application programto be executed by said central
processing unit to control said access nmeans and said interface
circuit, 20 sai d reboot program area having an area which

stores a reboot program which causes ﬁgrg central processing unit to
execute processing for rewiting é 8d application program area,

said central processing unit executing said .25 reboot programto rewite
sai d application program R - 86 -

area in whole or part, in response (i X e command for said
application program area which i A ed to said interface circuit
fromthe outside, I cation programstored in

sai d 5 application sai d access neans and
said interface circuit access command supplied
to said interface circi
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. 3
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t he out si de. 2. A disk drive according to claim1, wherein said 10

reboot programincludes an input control program a " rewite control
program and a transfer control pr ogr am said central
processi ng unit which responds to the rewite command providing
control to execute said 15 I nput c_w“agl program and fetch said
application program which is, i |l e or part, supplied to said
interface circuit fromthe outside, execute said transfer control
program and transfer said rewite & contfxol megyr om,sai df r eboot
programarea to a 20 buiIt-in ‘ [ ' r,Qndﬁ ecute
sai d rewite control i(DEi n< RAM
and wite sald appllca = into
' 5.((C 8 b claim1,
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transfer control program said central processing unit which
responds to the rewite conmand providing control to execute said

i nput control programand fetch said wite control 5 program and said
application programwhich is, in whol e or part, supplied to said
interface circuit from the out s{pi¢28execute said transfer control
program and transfer said fetched rewite control programto a
built-in RAM of g@g—mreqoconputer, ang, executq said 10 rewite control

programtransferrgig—ic§ s¢id built-in ¢? RAM|apnd write said application
program f et ched g%g L 4 application program area
4. A disk drive gtce0 ei n sai d reboot
program furt her c\@% es_a vector table and a
reset processing [ td gw ocessing unit, in
response to a % 1 5 | N tg execution of said
reset processingf Eg% eferri . table, and,
during the execu 0§ reset — 4si egr am determ ni ng
whet her said centf 5‘— ocessi [ ) ¢d reboot state
capabl e of in the forced
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E

reboot state, said central processing unit proceeding to execution of

sai d reboot program after receiving an 25 I nput of the rewite comand,
when not in the forced : - 88 -

reboot state, said central processing unit proceeding to a state of
being able to execute said applicati od8/28 programstored in said
application program area. 5. A disk drive according to claim?2

, Wherein 5 sai d application progrg@m ar ea urther includes in a
menory area thereof a sumstoring ar whi ch res a sum of

I nformati on held in another menor\g a, . sai d_r eboot program
area further having an afga | CR Sto vect or Ehble and a reset
processing 10 progranj . =l ceén4l processyng unit, in
response to a reseg st ruct\ g1, OCRENNg to exedution of said
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P L

reset processing programby referring to said vector: table, and,
during the execution of said reset 15 processing program determ ning

whet her said central processing unit is in a forced reboot state
capabl e of responding to the rewite conmand; when in the forced
reboot state, said central processingt{ﬁéggroceeding to execution of
sai d reboot programafter receiving an I nput of the rewite comand,
when not in the forced reboot state, said central processing unit
determ ni ng whet her the sum std8ed in s®Nd sum storing area
coincides with a sumof the informatifon held in\said ot her nenory
area; if it is not deterpined that h 25 g3synms coi ncgyle with each

ot her, said central procpgsi L. - 89 -

unit proceeding to execufilg p ram after receiving
an input of the rewite I § [determ at both suns

coincide with each ot her
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said central processing unit proceeding to a state -of 5 bei ng abl'e to

execute said application program stored I n said application program
ar ed. 6. A disk drive according to claim1, wherein said
nonvol atil e sem conductor nenory is a flash nenory having a plurality
of menory bl ocks each of which 10 @Q0k28tutes a collectively erasable
unit, said reboot program area and said application program area
bei ng assigned to nutually difdserent nory bl ocks. 7. A disk
drive according to claim11, wherein i d reboot program area holds a
programwitten in a 15 pr ocess manuf agt §ri ng sai d m croconputer
8. A disk drive accordj fur cq@pri sing means for
inhibiting rewite of s pr g ar ea. 9. A disk
drive according to clai 1 Y 0 interfacg circuit has ATAP
I nterface specificationg. 1) D enN]Jconpri ING mai n board
I ncl udi ng a m cr opripicessor q perfiifheral intgrfgcefcontroller
whi ch are connected to us; and i ditffive dcpqrdiing to claim1,
said disk drive being cpriflect ed O s@i{ifl peri phertal_TTlerf ace
controller via said - 90 -
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3

interface circuit included in said disk drive. ¢ 11. A conputer
conprising: a main board including a m cr oprocessor and an | DE
interface controller which are connected to a PCl bus; and a disk’
drive according 5 toclaim9, said disk drive being connected to said
| DE interface controller via said inty (fg@e circuit included in said
di sk drive. 12. A conputer according to claim11l, wherein said

mai n board and said disk drive are incorporated in one 10 - case. 13.
A conmputer conprising:-a main board including a m cr oprocessor and a
peri pheral interface controller _ i ch connected to a bus; and a
di sk drive connected to saiquzzﬂ;b pterface controller, 15
said nmain board and said disk drive being incorporated in one case,
sai d disk drive including reproduci ng neans readi ng and reproduci ng
recorded information froma di sk which is rotationally driven, an
interface 20 circuit mhlcu(9u§puts i nformati on reproduced by said
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reproduci ng means to said peripheral interface . controller and al so
.recejves information supplied via sai d peripheral interface
controller, and a m croconput er- connected to said reproduci ng neans
and 25 said interface circuit, ' - 91 -
sai d m croconputer including one sem Ict or substrate having a
central processing unit and an electrically erasable and programmbl e
nonvol atil e sem conduct or menory, 5 sai d nonvol atile

sem conductor nenory havi ng a reboot programarea in which rewiting
of stored information is I nhi bited and an application programarea in
Its nmenory area, sai d application program area having an area
whi ch stores an application programto be executed by 10 said central
processing unit to control said reproduci ng neans and said interface

FIG. 24
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sai d reboot program area having an area which
whi ch causes said centra
rewriting 15 sai d application program area,
: processing unit executing said
“application program
command for said application programarea which is 20
interface circuit via said peripheral
executing said application
and said
command supplied to said interface circuit via said 25

interface controller. FLG': uz
14. A conputer conprising: a PC béarbNiAxcl a

an IDE interface controller which
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are connected to a PCl bus; and a disk drive connected to said | DE
I nterface controller, said PC board and 5 said disk drive being

i ncorporated in one case, said disk drive including: access
.means accessi ng a disk which is rotationally driven; an ATAPI
interface circuit connected to said ac@dyPg8reans and connected to
said IDE interface controller; and a 10 m croconput er whi ch controls an
operation of said access neans and which is connected to said ATAPI
interface circuit, said nj nputey=-pncl udi ng one

sen conduct o= _ avingrgzzg;gctéggzrly erasable and 15

pr ogr ammabl - (A em coyductor nenory and a central

processi ng [univiF iRk pr ogram stored in said nonvol atile
sem conduct\or AYRIE sai d nonvol ati|l e sem conduct or nmenory
having a re ' Earea in which rewiting of stored information
s 20 I nhi bited and{aﬁ—aﬁﬁ++eaf+fﬁrfﬁ1xﬁ%mﬂﬂ&ﬁea—kﬁ—+%s—ﬁ9ﬁﬁ+y—fwfﬁh——- -
sai d appli qaty ?J 3 ' v;?)%) an area whi ch stores an f
applicatiorn ot y said central processing unit{to
control sai : S Jand said ATAPI interface circuit, 25
sai d reboot an area which
- 903 - .
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o

stores a vector table, a reset processing program and a reboot

program which causes said central processing unit to execute
processing for rewiting said application programarea in whole or
part, 5 said central processing unit, in response to a reset
i nstruction, proceeding to execution ofggses reset processing program
by referring to said vector tabl e,” 'and, during the execution of said
reset processi ng program determ ni ng whether .said central 10
processing unit is in a forced reboot state capabl e of responding to

arewite commuand for said applicat |FIG Q&am area which is supplied
to said ATAPI interface circui sai & I nterface controller

when in the force eboot state, said central processing unit 15
proceedi ng to execution sai d reboot program after receiving an
input of the rewite co T TWheTT ot T T T thesforced Teboot-—stgte -

%g to a state of being ablle to
stored in said application prdgram

said centra
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20 ' ar ea. 15. A computer conprising: a PC board including a

m croprocessor and an |IDE interface controller which are connected to
-a bus; and a disk drive connected to said IDE interface controller,
said PC board and said 25 di sk drive being incorporated in one case,

- 94 - said di2&/@8i ve including: access neans
accessi ng a disk which is rotationally driven; an ATAPI I nterface
circuit connected to said access nmeans and connected to said | DE
interface controller; and a 5 uter_whi ch controls an operation
of said access nmeans and mhlci?? nne to sai d ATAPI

interface circuit sai d |nclud|ng one

progr ammabfe MANWFACTURE eni coNduct or menory and a
AND EVALUATION
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whi ch

stored in said
said nonvol atil e sem conduct or

program area in which rewiting of stored

i nhibited and an application programarea in its nmenory
said centra

rea having an area

d by

RLL4E:

menory,

processing unit which executes a program
said application pro

stores an application programto be e

nonvol atil e sem conduct or
menory havi ng a reboot:

information is 15

central
area,-
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sai d central processing unit, in response to a reset instruction,
proceedi ng to execution of said 5 reset processing programby referring

to said vector tabl e, and, during the execution of said reset
processi ng program determ ning whether said central processi ng unit
isin a forced reboot state capable of responding to a rewite
command for said application 10 proaadﬁﬁhrea which is supplied to said
ATAPI interface circuit via said IDE interface controller; when in

t he forced reboot state, said central processing unit

proceedi ng to execution of said reboot program after

recei ving an

input of the rewite command; when not in 15 the forced reboot state,

said central processing unit determ ni ng whether the sumstored in
said sum storing area coincides with a sumof the information held in
said other nenory area; if it is not determ ned that both suns
coincide with each other, said central 20 processing unit proceeding to
execution of said reboot . program after receiving an input of the
rewite command; if it is determ ned that both suns coincide
wi th each other, said central processing unit proceeding to a state
of being able to execute the 25 application programstored in said
application program _ - 96 -
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area. ' e conprisin reproduci ng ne
and reprodu “ M‘Hmﬂ |“[or mam)on frgm a P “di gk \AﬁﬁEPLACE’I\ﬂgNTgSHEET
ﬁqtat onal 1 y=drd van; mansi nterface circuit which is interfaced with a

ost connected to sai d reprodUC|ng nmeans; a TS whi ch
controls an operation of said reproducing neans a EEﬁLRtEWﬁ@mCs'J‘
connected to said interface circuit, sqi ¢ m croconpute
including a central processing 10 wunit and an elffe¢trq q@d'[quggas )
pr ogr ammabl e nonvol ati |l e sem conduct or nmenojy [
nonvol ati |l e sem conductor nenory having an
whi ch stores a program for. controlling a reproduci ng operati.
said 15 repr oductmimeans and an operation of said inter _
circuit, and a reboot programarea in which rewiting of stored

I nf or mat ion is inhibited® disk drive mgrmngalaqnmsmags umd:essmgltang

a program of said reboot programin response to a reset
disk which is rotationally driven; an interface

circuit connected to said access means and interfaced
5 with an outside;'and a microcomputer which controls an
operation of said accééé means and which is connected
to said interface circuit,
sald microcomputer including one semiconductor
'substrate having an electrically erasable and
;0 prograqmahle nonvolatile semiconductor memory and a
central processing unit which accesses said
nonvolaﬁile semiconductor memory,
_ said nonvolatile. semiconductor memory hav1ng a reboot
.program area in which rewrltlng of stored 1nformatlon is
15 inhibited and an.appllcat;on program area in its mgmo:y.area;
said application program area having an area
which stores an applic#tioﬁ progféh to be executed by
said central processing qnit to control said écéess .
. means and said interféée'éircuit,
20 said reboot program area having an area which
.étores a reboot progrém which causes said central
processing unit fo execute Qrocessing for rewriting
said application prbgram area,
said central processing unit executing said

25 reboot program to rewrite said application program
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comand for sal appl i"cafi oh program area, whi.ch.. m sai d
host; when in the forced reboot state, said g@@hﬁ@ﬁhﬁﬁﬁksﬁﬁE@ unit,
25 after receiving an input of the rewite commgn

- 97 - providing controlto rewrite 6'@3%[(:{1 I dn .
pr ogram area, in whole or part, with a progrlam 6H$ said
interface circuit after the input of the rewite ef not in
the forced reboot state, said 5 central procegsing unit proceedlng to a
state of being abl e to execute the program s appfi cation

program ar ea. drive conprising: reproducing neans

readi ng and repF5883%ﬁ§ F833F8edpFﬁ§6Pﬂat|on froma 10 disk which is
rotationally dr'ven’sggd'@Eﬁ&ggieproceSSLng unit which responds to

the rewrite command providlng control to execute said
input control program and fetch said write control
5 program and said application program which is, in
| whole or part, supplied to said interface circuit from
the outside, execute said transfer control program and
transfer said fetched rewrite control program to a
built-in RAM of said microcomputer, and execute said
10 rewrite.control progrem transferred to said built-in
RAM and write eaid application program fetched in
whole or part, into said application program area.
4. A disk drive acéording to claim 2 ', wherein
said reboot program further includes an area which
15 stores a vector table and a reset proceesing program,
~said central processing unit, in response to a
reset instruction, proceedlng to executlon of sald
-reset processing program by referring to said vector
table, and, during the execution of said reset .
20 ; processing program, determining whether said central
processing_ﬁnit is in a forced reboot state capable of
responding to.the rewrite command; when in the forced
reboot state, ‘said centrel processing unit proceeding
to execution of said reboot program after receiving an

25 input of the rewrite command; when not in the forced
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reproduci ng means and' is connected to

15 'sai d mi croconput er |nclud|ng a central

an electrically erasabl e and programuabl e

menory, sai d nonvol atil e sem conduct or

application program area which stores a programf

reproduci ng operation of said r epr oduci ng _ _

said interface circuit, and a reboot program area in which re

of stored information is inhibited, said applicatite# progr-anTar ea

having in a nenory area thereof a sum 25 storing area which stores a sum
of information he¢kbodn state, said central processing unit9proceeding
anot her nenory area, ' :
to a state of being able to execute said application
program stored in said application program area.
5. A disk drive according to'claim_z , wWherein
5 said application program area further includes in a
memory area thereof a sum storing area which stores a
sum of information held in another memory area,
said reboot program area further having an area
which stores a vector table and a reset proce;sing
10 program, |
said central processing unit, in résponse to a
reset instruction, proceeding to execution of said
reset proceésing program by referring to said vector
_table, and,.during the execution of said reset
15 -processing program, determining whether said central
processinéfunit is in a forced reboét state capable of
requnding to the rewrite'command; when in the fprcéd
reboot state, said central processing unit proceeding
to ekecution of said reboot program.after receiving ‘an
20 | input of the rewrite command; when not in the forced
.reboot state, said'central processing unit determining
whether the sum stored in said sum storing area
coincides with.a sum of the information held in said

other memory area; if it is not determined that both

25 sums coincide with each other, said central processing
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sai d r eboo ving an area mhlch stores;a vector table
a reset pr Hmm lIEmﬂﬂﬁrHi and a reboot program whF¢R™¢ MSEMENT HEET
c

entral proGessi ng it to execute processing for reMW|t|ng said

application programarea in whole or part, S-eH-—G-eatk
processing unit, in response to a reset i LACEMENTSHEET| ng a
program stored in said reboot program areg &n T et her
said 10 central processing unit is in a force 'repqgﬁqs e

capabl e of responding to a rewite command for gafd *"§§%|i i on
program area which is issued fromsaid hopt & ' ced
reboot state, said central processing unif, after receiving an input

appl i cat i on program abeR PRCRREPELSFpaf BoL iR RS oRE SeRICERTEEOR o) | e
to said Interfacguﬁgéggté QEQEEBthce tfal'gPH egglhg oW Iy Gyymmand;

when not in the orce oot cent pr ocessli ng uni t
determining 20 o18Berien]ihectuShBler &di PragkanflEn S AoiG 100 o

coincides with a sumof -the“information h n said ot her nmenory
area; if it is ngamﬂ@bﬁaﬁhaeg hgabrypth sunms coi ncide with each
other, said central processing - unit, after receiving an input of the

rewite command, 25 sapEOWbAVAQatelE’ SbmieohGUEEDE maindrgPphivéal @ reboot
rogram
prog program area in which rewriting of stored information is

inhibited and an application program area in its memory area,

said application program area having an area
which stores an application program to be executed by
10 said central processing unit to control said
reproducing means and said interface circuit,
said reboot program area having an area which
stores a reboot program which causes said'centrall
processing unit to execute processing for rewriting
15 said applicatioh progféh area,

" said central processing unitnexecuting said
reboot program to rewrite said application program
area in whole or part, in response to a rewrite
command for said application program area which is .

20 supplied to said interface circuit via said peripheral
interface controller, or executing said application
program to control said reproducing means and said
interface circuit, in response to a disk access
command supplied to said interféce circuit via said

25 peripheral interface'controller.'
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- 99‘- ‘ :_ T 1 ea, in whole or part, with a program supplied ——p
0 ORI e e oot of e’ RERIACEMENT SHEET
said central processing unit 5 proceedi ng t gq—e S f?¥f§7ab|e to

execute the program stored in said applica 18.
A disk drive according to claim 16 , Wher di latil e

sem conductor nenory is a flash - nmenory haui 4 menory

bl ocks each of 10 which constitutes a coll ect{ ) it, said
reboot program area and said application progrg ~gefng assi gned
to nutual ly different nennny bl ocks. | 19. § ding to
clai m 18, wher eilf “saifyy COMPUt QT (RARPIASAG M Ar BETdritten in

orpri sing: o M RERT SIRILENG 1P TE TREPERICEcSeBFrakkes Helthher a
Interface contrQlde€loonnected to a pcI bus; and a disk drive connected
to said iDE interface controller, said PC board and
5 said diék drive being incorporated in one case,
said disk drive including: access means accessing
a disk which is rotationally driven; an ATAPI
interface circuit connected to said access means and
connected to said IDE interface controller; and a
10 microcomputer which controls an operation of said
access means and which is connected to said ATAPI
interface circuit,
said microcomputer including one semiconductor
substrate having an electrically erasable and
15 programmable honvolatile semiconductor memory and a
central processing unit which executes a program

stored in said nonvolatile semiconductor memory,

‘said nonvolatile gemiconductor memory ha#ing a reboot
program area in which rewriting of stored information is
20 inhibited and an application program area in its memory area,

 said application program area hawving an area
which storés an application program to be executed by
said central processihg unit to contfol said access
means and said ATAPI interface circuit,

25 said reboot program area having an area which
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mhlch are c and a disk drive according to claih116

’ sglg rrEu n ﬂﬂm [i ﬂum mlzo di sk-drive being incorporated in one [Sﬁ‘SS'HEET

sai i's rirve meisng *connected to said peri pheral ! mg E
pdedin.-sald F“EP 'S EQA :

controller via said |nterface circuit incl
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said disk drive includihg: ess means dccessing

a disk which is rotationally driven; an ATAPI
interface circuit cmnnected to said access means and
connected to said IDE interface controller; and a

5 microcomputer which controls an operation of said
access means and which is connected to said ATAPI
interface circuit, |

said microcomputer including one semiconductor

substrate having an electrically erasable and

10 programmable nonvolatile semiconductor memory and a
central process1ng unit which executes a program

stored 1n ‘'said nonvolatile semlconductor memory ,

said nonvolatile semiconductor memory having a reboot .
program area in which rewriting of stored information is ' §
15 inhibited and an application program area in its memory area, ;

said. appllcatlon program area havxng an area i
which stores an application program to be executed by
said -central processing unit to.control said access
means and'said ATAPI interface circuit, said
20 application program area having in a memory area .
‘. thereof a sum storing area which stores a sum of
information held in another memory area,
said reboot progfam area having an area which

stores a vector tablé, a reset processing program and

25 a reboot program which causes said central processing
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area, in whole or part,'witr—a—pregramrsuppried to
éaid interface circuit after the input of the rewrite
comm#nd; if it is determined that both sums coincide
with each other, said central processing unit
proceeding to a staﬁe of being able to execute the
program stored in said application program area.

18. A disk drive-according to claim 16 , wherein
said nonvolatile semiconductor memory is a flash
memory having é plurality of memory blocks each of
which constitutes a collectively erasable unit, said
reboot program.area and said application program area
being aésigngd to mutually-different memory -blocks.
19. A disk drive according to claim 18, wherein said
reboot program area holds a program.written in a .

process of manufacturing said microcomputer.

'20. A computer comprising: a main board including a

microprocessor and a peripheral interface controller
which are connected to 'a bus; and a disk drive

according to claim 16 , said main board and said

disk drive being incorporated in one case, said disk

drive being connected to said peripheral interface
controller via said interface circuit included in said

disk drive.
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