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A CD REPLAY DEVICE AND A METHOD FOR CONTROLLING THE SAME
Field of the Invention

The present invention relates to a CD replay device that readé data that are recorded on the
surface of a compact disk (CD), and a method for controlling such a device; and relates in
particular to a CD replay device that can be connected to a portable information processing |
apparatus, such as a notebook computer, and to a method for controlling such a CD replay
dévice. More specifically, the present invention relafes to a CD replay device that is
incorporated in a notebook computer and that can easily play a music CD while an application
that is being executed by a computer is not interrupted, and to a method for controlling such a

CD replay device.
Description of the Background

In consonance with current technical deVelopm?nts_, widely used today are compact, light
personal computers (also called "portable compﬁters " or "ﬁotebook computers") that are built
from designs that take portability considerations into account. Also, as compact auxiliary
storage devices have been produced, certain notebook computers are now available that can
incorporate a CD-ROM drive (CD replay device) in addition to a hard disk drive (HDD) and a
floppy disk drive (FDD). As an example, the ThinkPad 755CD (an IBM Corp. trademark), a
potebook computer that is sold by IBM Japan Ltd. Incorporates a CD-ROM drive.
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Brief Description of the Drawings

Fig. 1 is a diagram illustrating the outline of the ThinkPad 755CD, which is a notebook
computer sold by IBM Japan Ltd.. | |

Fig. 2 is a schematic diagram illustrating theé hardware arrangement of a notebook computer 1
that is employed to carry out the present invention.

Fig. 3 is a diagram illustrating the hardware arrangement of an incorporated CD-ROM drive
that is employed to carry out the present invention.

Fig. 4 is a schematic diagram showing a physical format for a CD.

Fig. 5 is a specific diagram showing the data structure of a TOC (Table Of Contents) that is
stored in a lead-in area of the CD.

Fig. 6 is a flowchart showing the operation when a disk in the CD-ROM drive is replaced.
Fig. 7 is a specific diagram showing a RAM 69 when the process ‘described by the flowchart
in Fig. 6 has been successfully terminated, and |

Fig. 8 is a flowchart showing the operation when an ejection button of the CD-ROM drive 50

is depressed.
Detailed Description of the Background

In Fig. 1 is an outline illustration of a notebook computer 1. The notebook computer 1 in Fig.
1 is so designed that a lid 5, which has an internally mounted liquid crystal display panel
(LCD) 4, is rotatably hinged with a main body 3, which has a key board 2, at almost the rear
edge of the
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main body 3. In the main body 3 are a CPU, a main mémory,
a ROM, peripheral controllers, and a system board on which
is a bus by which these components (none of them shown) are
connected. A battery pack (;ot shown), an HDD (not shown),
and a CD-ROM drive 50 are incorporated iﬁ the loﬁer space of
the main body 3 beneath the keyboard 2. A disk tray for the
CD-ROM drive 50 ié extrudable and retractable to facilitate
the exchange of disks, and on its front face an ejection
(Eject) button 6 is provided to instruct the extrusion of
the tray., At its rear, the CD-ROM drive 50 is attachably

connected to the bus on the system board (not shown) and can

‘be removed and replaced by another peripheral device, such

as an FDD.

The recording oh a CD, i.e., a compact disk (hereafter also
referred to simply as a "disk"), is performéd bf forming
pits (ﬁhich have raised and depressed shapes that differ in
reflectivity) that correspond to digital data on one face of
a disk, which is formed of a transparent resin, and by
overlaying an extremely thin metal film of; for example,
aluminum and a further hard protectife film.- The CD-ROM

drive (CD replay device) focuses a laser beam on a rotating
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disk, and employs the changes in the intensity of reflected
light to read data. Since a great amount of data can be
recorded on a CD at high density, a CD is employed for the

recoraing not only of computer data but also of audio data,

image data and various other data.

The physical and log%cal specifications for a CD were
determined by a Qroup'of which Sony Corporation and Philips
Ltd. were the central figures, and are described in a "Red
Book," a "Yellow Book," and a "Green Book," to use the

common titles.

A Cb is so designed that data are fecorded spirally from the
center of the disk surface to the outside and in thé same
density. The physical format is classified roughly into
three areas: from the centér of the disk faee, a lead-in
area, a program area, and a lead-out area. The iead-in and
the lead-out areas are employed. for recording attribute
information for a disk and varioﬁs control infofmation
concerning, fbr example, start positions for the iﬁdividual
tracks. The program area is employed for recording the

substantial user data, such as computer data and audio data,
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and is constituted by a single or a plurality of tracks. _A
track can be divided into frames that are 24 bytes long.
The length of a track is not constant and varies depending
on the length of the user d;ta that are recorded. 1In case
of a music CD, for example, one track corresponds to one
piece of music, and the track length corresponds to the
playing period. A track on which computer data are recorded

is called a "CD-ROM track," and a track on which audio track

are recorded is called a "CD-DA track." In addition, as one

‘type of a CD-DA, there is a "CD-Graphics" where image data

are recorded in an empty area within the audio data (more
specifically a sub channel ih a frame). As andther type,
there is a hybrid CD whereon :CD-ROM tracks and CD—bA track§
are mixed. Also, .as other standards, there are "CD-1I1

(Compact Disk-Interactive media), where image data and audio

data are recorded on a single track with an interleave

factor (time- sharing multiplexing of a plurality of

channels), and a "CD-ROM XA."*

Generally, in the same way as other peripheral devices, a
CD-ROM drive that is incorporated in a computer receives,

through a bus, a command that is issued in software, such as
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an application pProgram or an operating system (0S), so that
it is controlled by a coﬁputer systém (hereafter referred to
simply as a "system“j. The CD-ROM that replays a music CD
is no exception. The starting and stopping of a read, and

the head seek and set process for the next recorded musical

piece will be discussed in detail.

To perform the reading of a music CD by an incorporated CD-
ROM drive, it is premised that at least three kinds of
programs should be loaded into a main memory of the system:
an application program for the music CD operation (hereafter
referred to as a "CD_PLAYER.EXE"), a file manager driver
ﬁhat permits an OS tg manage.a CD-ROM as an external storage
device (MSCDEX.EXE, etc.) , and a device driver ﬁor a CD-ROM
drive. "CD_PLAYER.EXE" _must pe executed when a read
operation is to be performed with a music CD. Since ﬁulti-
tasking is not available with DOS environment, for example,
the following procedures are required to run a music CD
during the execution of another application (DOS word
érocessing).

1. DOS word processing is temporarily terminated.

(If a document is being prepared, it must be saved and the
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job is terminated.)

2. A mouse program is activated if it has not yet been
loaded.

3. CD_PLAYER.EXE is exeéutec{.

4. A pertinent selection (replay, halt, etc.) from a GUI
screen menu is made by pointing and clicking with a mouse
and tﬁe results of the operation are relayed to
CD_PLAYER.EXE.

5. CD_PLAYER.EXE is terminated.

6. DOS word processing is resumed.

Similarly, the following procedures are required to run a
music CD du::'j.ng'i the execution of another applicatibn
(Windows application) on Windows.

1. The display for the Windows application that is being
executed is miniﬁized by a mouse operation, or a task is
switched by depressing a toggle switch on é keyboard to
provide a program mahager window.

2. The icon of a program group wherein a CD_PLAYER icon is
registered is opened.

3. -The' CD_PLAYER icon is double—clicked to activate
CD_PLAYER.EXE. And a desired menu selection is clicked in

the CD_PLAYER window.
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By referring to the above explanation, it would be
unéerstood by one having ordinary skill in the art that,
conventionally, playing a music CD on a computer presents
the following difficulties. ’

(1) Interruption of an application that is being executed.
To control the starting or halting of replaying, a dedicated
application, i.e., "CD_PLAYER.EXE," must be activated every
time. A bus is normally.used to input data at a keyboard or
with a mouse, and to transmit a command to a CD-ROM drive.
Since an interrupt occurs at a CPU, an application that is
being execufed is inevitably suspended.

(2) Use of system resources.

For frequent playing of music CDs, an application for
operating a music CD (e.g., CD_PLAYER.EXE) and specific
drivers, such as a file manager driver (e.g., MSCDEX.EXE)
énd a de&ice driver, have to be resident in main memory.
Since a CD_PLAYER.EXE program is generally from 70 to 200
kilobytes, and since each of the drivers is about 35
kilobytes, together, these programs constitute a
considerably large load on the system resources.

(3) Operability. | -

To play a music CD during the execution of another
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application, the application must be temporarily terminated
and CD_PLAYER.EXE must be activated (in the DOS
environment), or windows must be switched and the CD_PLAYER
icon must be selected a;ld opei:ated (in the Windows
environment), and the initiating operation is comparétively
complicated. Since the user interface differs for each

application, this is another factor that contributes to the

complication and the difficulty of the operation.

In such an environment, even when a computer user becomes.
tired because of the work he is doing (e.g., the preparation
of a document by word processing) and dec\ides to listen to
music to relax himself, the interruption of an application
or the above described input operations accompanies the
. operation to replay a' music CD. It is troublesome for a
user. F'urther,, there are some applications (e.g.,
CD_PLAYER.EXE) that do not permit "working while listening
to music"; and even if the replaying of a music CD can be
perxformed, it is terminated when .such application is ended.
Even when an application can be Eeﬁninated and the original

application (e.g., word processing) can -be restarted while -

a music CD is being replayed, the application must be
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activated each time for a succeedihg music CD operation (the
head seek-and-set process for playing the next recorded
musical piece, or the playing halt), and further
manipulation and time are ré&uired. And if several tens to
several hundreds of kilobytes in a main memory are always
used merely for audio data processing, not for computer data
processing, system resources will be wasted. In other
words, although a user has installed a CD replay device in

a computer system, he can not easily refresh himself by

listening to music whenever he desires.

On the other hand, sifhce dedicated CD replay devices for
ﬁlaying music CDs are equipped, aé a étandard, with special
control buttons for individual operations, such as replay
start, replay halt, and the head seek-and-set process for
the next musical piece, a user can replay music CDs freely,
any time he desires. As for an incorporated CD-ROM drive,
however, generally, only the front face of a disk discharge
tray appears on the surface of the computer main body 1, as
is shown iﬁ Fig. 1. On such a limited surface, ét most only
one ejection button 6 is provided, and the addition of other

control buttons increases manufacturing costs. Therefore,
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the.operation of an incorporated CD-ROM drive relies on
input that is performed at a keyboard or with a mouse, and
accordingly, the use of the bus and the interruption of an
application program that is being executed accompany the

operation of the CD-ROM drive.

*: CD-DA specifications are given in a "Red Book," CD-ROM
specifications are .given in a "Yellow Book," and CD-I
specifications are given in a "Green Book." The CD-I
specifications prescribe the standards for enabling dialogue
operation, and the CD-ROM XA specifications prescribe the
standards for the combining of audio data with animated data

and for their joint handling as multimedia.

5. Objectives

It is one object of the present invention to provide an
excellent CD replay device that can be connected to a
portable information processing apparatus, such as a
notebook computer, and to a method for controlling such a CD

replay device.

It is another object of the present invention to provide a
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CD replay device that is incorporated in a notebook computer
and that can easily run a music CD without interrupting an
application that is being executed on a computer system, and

to a method for controlling such a CD replay device.

6. Summary of the Present Invention

To achieve the above objects, according to a first aspect of
the present invention, a CD replay device, which includes an
ejection button thét is employed to iﬁstruct the dischgrge
of a CD and which reads data on the surface of fhe CDh,
performs a disk discharge operation when the ejection button
has been depressed for a period of time that is less than a
predetermined period, and begins to replay a CD when the
ejection button has been depressed for the predetermiﬁed

period of time or longer.

According to a second aspect of the present invention, a Cb
replay device, which includes an ejection button that is
employed to instruct the discharge of a CD and which reads
daté on the surface of the CD, hélts'the replaying of the CD
when the ejection button has been depressed for a period of -

time that is less than a predetermined time during the
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replaying of the CD, and begins to replay the next track on
the CD when the ejection button is depressed for the

predetermined time or longer during the replaying of the CD.

According to a third aspect of the present invention, a
method, for controlling a CD_replay device that includes an
ejection button that is employed to instruct the discharge
of a CD and that reads data on the surface of the CD-,
comprises the steps of: discharging the CD when the ejection
button has been depressed for a period of time that is less

than a predetermined period; and beginning the replaying of

the CD when the ejection button has been depressed foi the ’

predetermined period of time or longer.

According to a fourth aspect of the present invention, a
method, for controlling a CD feplay device that includés an
ejection button that is employed to instruct the discharge
of a CD and that reads data on the surface of the CD,
comprises the steps of: halting the replaying of the CD when
the éjection button has been depressed fof a period of tiﬁe
that is Xess than a predétermined time duringlthé replaying

of the CD; and beginning the replaying of the next track on
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the CD when the ejection button’has been depressed for thé.
predetermined time or longer during the replaying of the CD.

According to a fifth aspe;; of the preseﬁt invention, a

method, for controlling a CD replay device that comprises a
tray on which a CD is placed,.a discharge mechanism for
retracting and extruding the tray, an ejection button to
instruct the extrusion of the tray, a read mechanism for
seeking data on the surface of the CD and for reading the
aata, a data processér for processing the data that are
read, a line out terminal for relaying an analog oﬁtput of
the data that are read, an interface for conneéting the CD
replay dévice to a bus of a computer system, and a
controller for controlling all the operations, comprises the
steps of: forcing the operations of the discharge mechanism

when the ejection button is depressed ﬁdr a period that is

. shorter than a predetermined time while the read mechanism

is halted; beginning data reading by the read mechanism when
the ejection button is depressed for the predetermined time
or longer while the.read mechanism is halted; and outputting

the data that are read from the line out terminal.
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According to a sixth aspect of the present invention, a
method, for controlling a CD replay device that comprises a
tray on which a CD is placed, a discharge mechanism for
retracting and extruding tﬁe tray, an ejection button to
instrucf the extrusion of the tray, a read mechanism for
seeking data on the surface of the CD and for reading the
data, a data processor for processing the data that are
read, a line out terminal for relaying an analog output of
the data that are read, an interface for connecting the CD
replay device to a bus of. a computer system, and a
controller for controlling all the operations, comprises the
steps of: Halting data reading by the read mechanism when
the ejection buttbn .is depressed for a period that. is
shorter than a predetermined time during the dgta reading by
the read mechanism; and skipping from a reading position on
-.the CD to a succeeding track when the ejeétion button is

depressed for the determined period or longer during the

data reading by the read mechanism.

According to a seventh aspect of the present invention, a
method, for controlling a CD replay device that comprises a

tray on which a CD is plaéed, a discharge mechanism for
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retracting and extruding the tray, an ejection button to
instruct the extrusion of the tray, a read mechanism for
seeking data on the surface of the CD and for reading the
data, a data processor for processing the data that are
read, a line out terminal for relaying an analog output of
the data that are read, an interface for connecting the CD
replay device to a bus of a computer system, and a
controller for controlling all the operations, wherein data
are read from a CD-DA track and an analog output of the data
can be transmi;ted,from the line out terminal, comprises: a
timing step of timing a period during which the ejection
button is depressed; a first decision step of determining
whether or not a CD-DA track is being read when, at the
timing étep, the period is é predétermined period or longer;
a second decision step of determining whether or not a CD
has been placed on the tray when, at the first decision
stép, no reading of the CD-DA track is being performed; a
third decision step of determining whether or not a
possibility exists that a CD—DA.track is included on the CD
when, at the second degisidn step, thelCD is determined to
be placed; a seeking step of seeking the next CD-DA track

when, at the third decision step, a possibility exists that
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the CD-DA track is included'on the CD; and a playing step of
reading data from the CD-DA track that is found at the
seeking step and of providing at the line out terminal an

analog output of the data that is read.

In the seventh aspect, when, at the playing step, the data
reading from the CD-DA track has been completed, the
following CD-DA track may be sought on the CD and the

replaying step may be repeated.

Further, in the seventh aspect, so long as the result
obtained by either one of the second and the third decision
steps is negative, the tray may be extruded by the discharge

mechanism.

In addition, in the seventh- aspect, when, at the first
decision step, data are being read from the CD-DA track, the
following CD-DA track on the CD may be sought and data may

be read from that CD-~DA track.

Moreover, in the seventh aspect, when a period during which

the ejection button is depressed is less than a
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predetermined time at the timing step, a check may be
performed to determine whethér or not data are being read
from a CD-DA track, and when data are being read, the data
reading may be halted. On t:,he contrary, when data reading

is not being performed, the tray may be extruded by -the

discharge mechanism.

According to the present invention, when an ejection button
is depressed during the halting or the replaying, the CD-ROM

drive performs the operations that are shown in Table 1

As is apparent from Table 1, a CD-ROM drive according to the
present invention can employ a single e.jecti.on button to
instruct all the operations, such as the start of the
replaying for a music CD, the halting of its replaying, the
head seek-and-set process for a succeeding musical piece,
and the ejection of the CD. "X seconds" in Table 1 is
determined by using a default value that is given in advance

or by the firmware setup within the CD-ROM drive. The value
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of X may be dynamically reset by using a jumper switch or by
entering a system command. In article D-2 of the

embodiments below, x = 2 [sec].

An ejection button is one of the standard features of an
incorporated type CD-ROM drive, as is shown in Fig. 1, and
thus does not increase the manufacturing costs. Since the
operations that are shown in Table 1 can Ee performed by
firmware within the CD-ROM drive, they have n6 effect at all

on the design of a notebook computer system.

According to the present invention, when.a user needs to
take a break by listening to music while he is working at

his job (e.g., preparing a document by word processing), the

. user can realize such a desire simply by depressing an

ejection button.

. The basic operations, such as the start of replaying for a

music CD, the halting of the replaying, and the head seek-
and-set process for the succeeding musical piece, can be
performed without _involving any computer system control

functions. The computer system does not have to terminate
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the application that is being executed. Therefore, no
special effort nor time need be expended by a user to play
a music CD, and "working while listening to music" is a
concept that can be easily realized, depending on the mood

of the moment.

In addition, an appliqation (CDO_PLAYER.EXE) for the
operation of a music CD does not have to be loaded into the
main memory of the computer system. Further, it is not
necessary for MSCDEX.EXE and a deviﬁe driver for a CD-ROM
drive to be resident in the maiﬁ memory simply for the
replaying of a music CD. Therefore, the present inveﬁtion

saves on the system resources.

Other objects, features, and advantages of the present'
. invention will become obvious from the detailed description
of the following embodiment that is given while referring to

the accompanying drawiﬂgs.

7. Description of the Preferred Embodiments
The description of the embodiment of the present invention

will be divided into the following articles for convenience
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sake.
A. Hardware arrangement of a computer
B. Hardware arrangement of a CD-ROM drive
C. Data structure of a compé;t disk

D. Operation of a CD-ROM drive

E. Appendix

A. Hardware arrangement of a computer
Fig. 2 is a schematic diagram illustrating the hardware
arrangement of a notebook computer 1 that is employed to

carry out the present invention.

In Fig. 2, a CPU 7 executes an application program under Fhe'
'éontrol of an operating system (0S). The CPU 7 communicates
with the individual sections by means of a transfer path
(bus) 8 for the transmission -of common signals such as
address signals; data signals, and control signals. The

_individual components will now be explained.

A main memory 9 is a volatile memory (RAM) into which the
. individual programs are loaded and that serves as a work

area for the CPU 7. A ROM 10 is a non-volatile memory in
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which a POST (Power On Self Test) program and a BIOS (Basic
Input/Output System) for hardware control are encoded and

permanently stored.

A DMA controller 11 is a special processor by which data are
transferred between the main memory 9 and peripheral devices

without passing through the CPU 7.

An interrupt controller 12 is a processor that monitors the
bus 8 and reports to the CPU 7 any occurrence of interrupt

on the bus 8.

A video controller 13 is a processor that processes a video
command from the CPU 7. A VRAM 14 is a processor that

temporarily stores video data that are being processed. An

- ILCD 4 is a device that displays the contents of the VRAM 14.

An audio controller 15 is a processor that handles the input
and the output of audio signals. An audio signal is
amplified by an amplifier 16 and the amplified signal is
output through a loudspeaker-17. The amplifier 16 réceives

an analog signal also from a CD-ROM drive 50 via a signal
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line 52 (which will be described later).

An HDD 18 and an FDD 20 are auxiliary storage devices. An

FDC 19 is a controller that drives the FDD 20.

In addition to the HDD 18 and the FDD 20, the notebook
computer 1 includes a CD-ROM drive 50 as an auxiliary
storage device. The CD-ROM drive 50 is connected via the
bus 8 to a bus connector 51 for the exchange of commands and
of digital data, and outputs ahalog data directly to the
amplifier 16 via the signal line 52 (the details will be

explained in article B).

An I/0 controller 24 is a controller that enables data
-exchange with a modem or a printer (not shown) via a serial

port 25 and a parallel port 26.

The computer 1 includes a keyboard 22 and a mouse 23 with
which a user inputs data and commands. An input matrix from
the keyboard 22 and pointed coordinates from the mouse 23

are processed by a keyboard/mouse controller (KMC) 21.
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The components in the hardware arrangement of the.computer
1 that are described in this article are well known to one
having ordinary skill in the art. Besides these components
in Fig. 2, there are vari;us other hardware components
(controllers, interface circuits, peripheral devices, etc.)
that constitute a notebook cémputer. It would be understood
for one having ordinary skill in the art that to simplify

the explanation some components are not shown in this

specification.

B. Hardware arrangement of a CD-ROM drive

The illustration in Fig. 3 shows %he hardware arrangement of
the-incorporated CD-ROM drive 50 that is eﬁployed to carry
out tﬁe present invention. The individual components of the

CD-ROM drive 50 will be explained.

A qompact disk (CD) 53, which is a recording medium, is
loaded rotatable on a spindle motor 54.  An optical head
(Pick-Up~Head) 55 is located under the lower'surface of the
| disk 53. ‘ To read data, the optical head .55, which
irradiates a laser beam.to the disk 53 and receives its

reflected beam, is mounted on a slider motor 56 that can be
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shifted in a direction of the radius of the disk 53. A
motor driver 57 controls the spindle motor 54 and the slider
motor 56 so as to rotate tracks of the disk 53 at constant

linear velocity (CLV) relative to the optical head 55.

A signal that is outputted by the optical head 55 is
transmitted to an RF amplifier 58 and is employed to control
the position of the optical head 55 and to read data from
the disk.53. As for the position control, a closed loop
control system, which includes a servo circuit 59-1 and the
motor driver 57, synchronously drives the spindle motor 54
and the slider motor 56 in response to the output signal
from .the optical head 55, and enables acéess by ihe optical
head 55 to a predetermined position on the disk 53. The
optical head 55 is supported by a double-axis device (not
shown) that can be shifted slightiy, and thus focusing
correction and tracking corréction is permitted. As for the
reading of data on the disk 53, a signal that is output from
the optical head 55 is processed by a digital signal

processor (DSP) 59-2 and the resultant signal is converted

into an analog signal by a digital-analog converter (DAC)

. 60. _The acquired analog signal is amplified by an audio
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amplifier 61, and the amplified signal is outputted either
through a headphone jack (not shown) of the CD-ROM drive 50,
or is outputted from the line out terminal to the amplifier
16 of the computer 1. T; output the read-out data as
digital data, the data are decoded by a decoder 62-1 and the
decoded data are then transmitted to the bus 8 of the
computer 1 via the bus connector 51. In this embodiment,

the servo circuit 59-1 and the digital signal processor 59-2

are constructed as a single chip.

A tray (not shown), on which the disk 53 is placed so as to
be exchangeable is coupled with a loading motor 63, can be
retracted and extruded. An ejection.button 6 is a control
button that is provided on the front face of the CD-ROM
drive 50 (see Fig. 1) to instruet operations, such as the
retraction/exﬁrusion of the tray. When the ejection button,
6 is depressed, it sends a signal to a signal line 64. The
motor -driver 65 thereafter drives the léading motor 63 in

response to a control signal received from a controller 66.

The controller 66 controls the individual sections in the

CD-ROM drive 50. More specifically, the controller 66
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performs a predetermined process on a signal that is
received from the ejection buttpn 6 via the signal line 64,
and controls the operations of.the CD-ROM drive 50, such as
the reading of data from the-surface of the disk 53 and the
halting of the reading, and the retraction and extrusion of
the tray (the details will be described in article sz)‘ In
addition, the controller 66 includes a clock 65 for counting

operational timing, a ROM 68; and a RAM 69.

The ROM 68 is a read only memory for permanently storing
data and is employed for recording.various firmware. The
firmware includes, for example, (A) code for a self-test
that ﬁhe drive 50 performs when powéred on, (B) code for the
interpretation of a. command that is received from the
computer 1 via the bus 8, (c) code for the confirmation of
the state of the dri%e 50, such as disk in/out or tray
.retraction/extrusion, and (d) code for the mechanical
control in the drive 50. A program that accomplishes the
operation that will be described in article D and a software
timer that times a period that the ejectidn button 6 is

.depressed are included in the firmware in the ROM 68.
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The RAM 69 is a writable memory that is employed as a work
area for the controller 66. In the RAM 69 is stored a
variety of information about a disk that is currently loaded
(e.g., file allocation info;mation sgch as TOC (which will
be described later)), a drive parameter that indicates a

data transfer speed, and an audio parameter that indicates

a sound output level.

An interface circuit 62-2, which pefmits the exchange of
digital data by the bus 8 of the computer 1 and the CD-ROM
drive 50, is connected to the bus 8 wvia the bus connector
51. As for the standards for an'interface that connects the
CD-ROM 50 to the bus 8 of the personal computer 1, although
in.addition to the. SCSI and Enhanced IDE ** standards there
.are others that have been specified by indiv;dual makers, no
limitations are imposed on interféce standards for the
realization of the present invention. In this embodiment,
the decoder 62-1 and the interface circuit 62-2 are

constituted as a single chip.

. .The hardware arrangement of the CD-ROM drive 50 explained in

this article (except for the firmware in the ROM 68 that is
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used er specific operations that will be explained in
article D) is well known to one having ordinary skill in the
art. Although the CD-ROM drive 50 includes hardware
components other than th;se shown in Fig. l3, those

components are well known and to simplify the description no

explanation are given for them in this specification.

It should be noted that when audio data in an arbitrarily
CD-DA track on the disk 53 are read and converted into an
analog signal by the DA converter 60, and the converted
analog signal is output from the line out terminal 52 to the
ampiifier 16 of theicomputer 1, or is amplified by the audio
amplifier 61 and ‘the amplif.ied signal is output to a
headphone, . the replaying of a music CD can be performed.
While replaying a mnéic CD, the CD-ROM drive 50 does not.
require- any exchange of commands and daté .via the bus
connector 51, i.e., does not gse the bus 8 of the computer

1 at all.

**; GSCSI 1is an abbreviatioh of Small Computer System
Interféce, and the standards for peripheral interfaces, for

a compact computer, which are standardized by the American
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National Standards Institute (ANSI). IDE is an abbreviation
of Integrated Drive Electronics, and is one of the
interfaces that are used to directly connect a hard disk to
an ISA bus. Enhanced IDE i; an enhanced version for a CD-

ROM drive.

C. Data structure of a compact disk

An explanation has been given in "Description of the
Background" that data are recorded spirally on the disk
surface with the same density, and spiralling from the
center, the data area is divided into a lead-in area, a
program area, and a lead-out area!(see Fig. 4). 1In this
article, ‘to simplify the explaha-t::ion in article D, the

physical format of a CD will be explained in more detail.

.Fig. 4B is a schematic diagram showing a physical format of
a CD. One session *** js so formed that a program area that
is substantially user data is sandwiched between a lead-in

area and a lead-out area.

A maximum of 99 tracks can be stored in the program area.

One CD-DA track corresponds to one piece of music and the
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number of tracks in a disk that is dedicated to music
corresponds to the number of musical pieces. One track can
be further divided into frames. A frame is the minimum unit
for data processing, and co;sists of 24 bytes. A group of
98 sequential frames (2352 byte length) is called a sector.
The length of a track is not_constant. In the case of a CD-
DA track, the number of sectors that is included in one

track is determined according to the playing period for a

music piece.

On the other hand, various control information, such as
attribute information ahd start positions of tracks, are
recoﬁded in the lead-in ‘area and the lead;out area. In the
lead-in area is stored a table, a so-called TOC (Table Of
Contents), for managing attribute information and control
information on the disk by tréck units. As is shown in Fig.
5A, in the TOC one record that consists of 96 bits, a so-
called "Q channel," is prepared for each track, and the Q
channels are stored in the order of the tracks in the
program area. ‘The data structure of a Q channel conforms to
a field structure (called a "Q format") that is shown in

Fig. 5B, and data for the tracks are stored in the
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corresponding fields.

values that are stored in the individual fields (Control,
ADR, . . .) in the Q chanﬁ;l are employed during a track
seek on the CD or when the data in the track are read.
Especially, the Control field value and the PSec field value
are employed for the operation of the CD-ROM drive 50, which
will be described in the succeeding article D, and will

therefore be but briefly explained below.

The PSec field is employed to represent a disk type.- Table
- 2 shows the relationship between PSec Field values and disk
ltypes. Accordiné to Table 2, when PSec = 00h, the'disk
consists of CD-DA tracks (including CD-Graphics), CD-ROM
tracks, or hybrid CD-DA tracks and CD-ROM tracks. In other
wordé, when PSec ; 00h, the disk may includé audio data (CD-
DA tracks). When PSec = 10h, the disk is a CD-I type, and
when PSec = 20h, the disk is a CD-ROM XA type. Therefore,
with any wvalue other than PSec = 00h, the disk does not
include audio data in a CD-DA format (i.e., in a format that

is not interleaved). .
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Generally, tracks with different PSec values do not coexist
on a single disk. Whether or not a disk includes a CD-DA

track can be determined by referring to one PSec value of an

arbitrary single Q channel in the TOC.

The control field is employed to represent a corresponding
track type. Table 3 shows the relationship between the
Control field values and track types. According to Table 3,
when the second bit from the top is "0," its corresponding
track is a CD-DA or CD-Graphics type. When that bit is "1,"
its corresponding track-is a CD-ROM type. In this manner,
whether or not a correspondihg.track is a éD—DA type (audio
data) can be determined by referring to the second bit from

the top in the Control field in the Q channel.

The physical format for a CD that is shown in Figs. 4 and 5
is a well known format that was determined by - Sony

Corporation and Philips Ltd.
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**%: Although a CD normally carries only one session
(single-session), a "Photo CD" on which photographic images
are recorded is a multi-loading type that carries a-
plurality of sessions (multi—session). Since the Photo CD

does not include audio data (CD-DA tracks), it can not be

employed with the present invention.

D. Operation of a CD-ROM drive

The hardware arrangement and the dther arrangement that
realizes the preéent invention have been explained in
articles A through C. 1In article D, the operation of the
CD-ROM 50 that employs these arrangements ﬁill be explained.
The operation of the CD-ROM 50 cah be :performed by the

firmware in the ROM 68.

D-1. Operation when a compact disk is exchanged
The operation when a compact disk in the CD-ROM drive 50 is
exchanged will be explained in this article while referring

to the flowchart in Fig. 6.

Following the retraction of the tray of the CD-ROM 50 at

step S10, at step S12, a check is performed to determine
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whether or not a disk exists on the tray. The presence of
the disk can be easily determined by detecting thé amount of
light that the optical head 55 has received.

If the decision at step S12 is affirmative, at step Sl14, a
Disk-in flag that indicates the presence of a disk is set at
predetermined address #bbbb in the RAM 69, and program
control advances to step S16. If the decision at step S12
is negative, program control branches to No and returns to

the initial step.

At step S16, a check is performed to determine whether or
not accéss of the loaded disk is possible. .This check is
required because sometimes data can not be read out due to
a dirty disk surface or a scratched disk surface. When the
decision at step S16 is affirmative, at step Si8, a Validity
flag, indicating that accgss.of the disk has been validate@,
is set at predetermined address #cccc in the RAM 69.
Program control <then advanges to step S20. When the
decision at step 516 is negative, the further process éteps
for accepting the disk is not performed- and the processing

is terminated in failure (ABORT).
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At step S20, the TOC is read out by accessing the lead-in
area, which is located inward on the disk, and is stored at
predetermined address #aaaa and its following address in the

RAM 69.

Fig. 7 is a specific diagram showing the recorded contents
in the RAM 69 after the processing in the flowchart in Fig.
6 is terminated successfully. The controller 66 does not
use, as work areas, the afeas in the RAM 69 where the TOC
and these flags are stored. The stored TOC and flags are
saved until the next replacement of the disk (or the
extrusion of the tray). :

The operation shown in Fig. 6 is a normal disk replacement
operation that is performed in almost all current CD-ROM
_drives,-regardless of whether or not the present invention
is employed. It should be noted that to store the TOC of a
loaded disk at a predetermined address in the RAM 69 and to
set a Disc-in flag and a Validity flag (or data equivalent
to these flags) are premised feqnirements for performing an

operation in the succeeding article D-2.
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D-2. Operation when an ejection button is depressed
The operation performed when an ejection button of the CD-
ROM drive 50 1s depressed will now be described while

referring to the flowchart in Fig. 8.

When the ejection button 6 of the CD-ROM drive 50 is
depressed at step S30, a depression time T is counted at
step S32. The counting of the time T is performed by the
software timer (previously described) of the ROM 68. When
T is two seconds or longer, program control branches to Yes
and advances to step S34. When T is shorter than two
secon_ds, .program control branches to No and moves to step
S52. In this embodiment, a period of two seconds is
predetermined by the firmware in. the ROM 68, but may be

dynamically altered by a jumper switch or a system command.

At step S34, a check is performed to determine whether or

not a CD-DA track on a disk is being replayed.

When the decision at step S34 is negative, the depression
for two seconds or longer-at step S30 is regarded as a

request for the "replaying of a music CD." Program control
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then branches to No and moves to step S36, and a check is
performed to determine whether or not an accessible disk is
positioned on the tray. The determination is made by
examining whether or not thé Disk-in flag and the Validity
flag have been set at the respective addresses #bbbb and
#cccc in the RAM 69. At step S38, a check is performed to
determine whether or not there is a possibility that audio
data (é CD-DA track) exists on the loaded disk. The
determination is made by accessing the TOC, which is stored
at a predetermined address following address #aaaa in the
RAM 69, and by referring to advalue in the PSec field of an
arbitrary Q channel. When PSec = OQh, the decision at step

S38 is affirmative. When PSec has another value, the result

at step 538 is negative.

When the result at one of stepé 536 and S38 is ﬁegative,'the
dgpression of the ejection button 6 at step S30 is regarded
as a réquest for "tray extrusion." Program céntrol thus
advances to step S50 ([Eject]) where the tray is extruded.
When the resulté at both steps S36 and S38 are affirﬁative,
at step 546, one of the Q channels is read from the head of

the TOC that is stored in the RAM 69. Then, at step S42, by
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referring to the second bit from the top of the Control
field wvalue in the Q channel, a check is performed .to
determine whether or not a corresponding.track is a CD-DA

track.

If the decision at step S42 is affirmative, program control
advances to step S44 ([PLAY]) where that track is replayed
(i.e., the music CD is replayed). When the replaying of the
track has been completed, program control advances to step
S46, where a seek is performed for the next track. If the
decision at step S42 is negative (that is, the track is not
a CD-DA track), the track replaying at step S44 is skippecl'i
and a seek is performed for the next track at sfep S46J
When, at step S48, the nexf track is found as the result of
the seek procedure at ;tep S46, program control branches to
_ Yés and returns to step S40, and £he same .process’ is
repeated. By the performaﬁce of sucﬁ loop processing, CD-DA
tracks on the disk .are sequentially found and music is
played. Whén, at step S48, no-next track is found, all the
CD-DA tracks on the disk have been replayed. Program

control thus branches to No and moves to step S54 ([STOP]).
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When, at step S34; the replaying of a CD-DA track on the
disk has been begun, the depression of the ejection button
6 for two secqnds or longer that was performed at step S30
is regarded ;s a request for a "head seek-and-set process
for the next musical piece." Program control then branches
to Yes and goés to step S46, where a seek is performed for
the next track and the same process as is described above is

performed.

If, at étep $32, the depression time for the ejection button
6 is less than two seconds, program control branches to No
and goes to step s52. At step S52, a check is performed to
determine whether or not the CD-DA track on the disk is
being replayed. When replaying has begun, the depréssion of
the ejection button 6 is regarded as a request for "halting
the replaying of é music CD." Program control branches to
Yes and goes to step S54 ([STOP]). When the replaying of
the CD-DA track is not being performed, the depression of
the ejection button 6 is regarded as a request for a "tray
éxtrusion." Program control g?ancheé to No and moves to

step s50 ([EJECT]).
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It would be easily inferred that steps S44, S50, and SS4,'
which are enclosed by double lines in Fig. 8, correspond
respectively to [PLAY (replay start)], [EJECT], and [STOP

(replay halt)] buttons.

In short, through the processing in the flowchart in Fig. 8,
the controller 66 monitors the depression of the ejection
button 6, and the combination of the manipulation of the
ejection button 6 and the operational state of the CD-ROM
drive 50 accomplishes the individual operations relative to
a music CD. It should be fully understood that this
proéessing "is the core of the éoncept of the present
. invéﬁtion. It should also bg fully understood that terms
"play" and "replay" in this specification indicate that
audio data in a CD-DA track on the 1oaded disk are read,
converted into analog data by the DA converter 60, and
outputted without any change. Further, it should be noted
that the bus connector 51 (i;e;, the bus é of the computer
1) is not used for the operation of a music CD.

'In this embodiment, only a CD-DA track is employed for

replaying. However, it would be obvious that, so long as
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audio data that are interleaved and recorded can be decoded
inside the CD-ROM drive, the éoncept of the present
invention can be applied for a track conforming to CD-I

format or CD-ROM XA format.

E. Appendix

The present invention has been described in detail

ﬁhile referring to the specific embodiment. _Howevgr, it
should be'ob\}ious for one having ordinary skill in the art
that various modifications or revisions of the embodiment
are possible within the scope of the present invention. For
example, while a 'notebook .computer is employed for the
explanation of the:embodiment-of the present invenﬁion, a Ch
replay device according to the present invention can also be
employed with other types of portable information processing
apparatuses (such as word processors or other OA devices).
That is, although the present invention has been disclosed
by using an example, it should not be limited to that
example. To understand the subject of the present

invention, the'following claims should be referred to.

As described above in detail, according to the present
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invention, it is possible to provide a CD replay device that
can be incorporated in a notebook computer and that can
easily replay a music CD without interrupting an
application, which is being executed by a computer systenm,

and to a method for controlling such a CD replay device.

An ejection button itself is one of the standard features
for an incorporated CD-ROM drive, as is shown in Fig. 1, and
thus does not increase the manufacturing costs. Since the
- operations as shown in Table 1 can be performed inside the-
CD-ROM drive by firmware, the design of a notebook computer

system is not affected at all.

The basic operations, such as the beginning the‘replaying of
a music CD, the halting of.the replaying, and the head seek-
and-set .érocess for the next piece of mu%ic, can be
perfprmed without requiring the control of a computer
system, and the computer system does not have to terminate
the applicatipn that is being-executeq. Therefore, when a
user desires to relax himself?by listening to music, the

- gratification of the desire can be obtained simply by

depressing the ejection button, so that "working while
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listening to music" is a concept that can be easily realized, depending on the mood of the

moment.

Further, since is not necessary for an application for operating a music CD and a device driver
for a CD-ROM drive to be resident in the main memory of a computer system, system

resources can be saved.
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CLAIMS:
Claims 1

A CD replay device, which includes an ejection button that is emi)loyed to instruct the
discharge of a CD and which reads data on the surface of said CD, wherein a disk discharge
operation is performed when said ejection button has been depressed for a period of time that
is less than a predetermined period and wherein the replaying of a CD.begins when said

ejection button has been depressed for said predetermined period of time or longer;

Claim 2

A CD replay device, which includes an ejection button that is employed to instruct thé
discharge of a CD and which reads data on the surface of said CD, wherein the replaying of
said CD is halted when said ejection button has been depressed for a period of time that is less

than a predetermined time during the replaying of said CD and
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wherein the replaying of the next track on said CD is
started when said ejection button 1is depressed for said
predetermined time or longer during the replaying of said

*

CD.

Claim 3

A method, for controlling a CD replay device that includes
an ejection button that 1is employed to instruct the
discharge of a CD and that reads data on the surf;ce of said
CD, comprising the steps of:

discharging said CD when said ejection button has been
depressed for a period of time that is less than a
-predeterﬁined period; and | |
beginning the replaying of said CD when said ejection button
has been depressed for said predetermined period of time or

Ionger.

Claim 4

A method, for controlling a CD replay device that includes
an ejection buttdn _that is employed' to instruct fhe
discharge of a CD and ﬁhat reads data on the surface of said

CD, comprising the steps of:
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halting the replaying of said CD when said ejection button
has been depressed for a period of time that is less than a
predetermined time Auring the replaying of said CD; and
beginning the replaying 6f.;he next track/on said CD when
said ejection button has been depressed for said

predetermined time or longer during the replaying of said

CD.

Claim 5

A method, for controlling a CD replay device that comprises
a tray on which a CD is placed, a discharge mechanism for
retracging and extruding said tray, an ejection button to
instruct the extrﬁsion of said tray, a read mechanism for
seeking data on the surface of said CD and for reading said
data, a data processor for processing said data that are
read, a li#e out terminal for relaying.an analog output of
said data that are read, an interface for connecting said CD
replay device to a bus of a computer system, and a
controller for controlling all the operations, comprising
the steps of:

forcing the operations of said'dischaf@e mechanisnfwhen.said

ejection button is depressed for a period that is shorter
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than a predetermined time while said read mechanism is
halted;

beginning data reading by said read mechanism when said
ejection button is depressed.for said predeterminea time or
longer while said read mechanismlis halted; and

outputting said data that are read from said line out

terminal.

Claim 6

A method, for céntrolling a CD replay device that comprises
a tray on which a CD is placed, a discharge mechanism for
retracting and extruding §§id tray, an ejection button to
instruct the extrusion of ‘said tra?,-a read mechanism for
seeking data on the surface of said CD and'for reading said
data, a data érobessor for processing said data that are
read, a line out té:minal for relaying an analog output of
said data that are read, an inéeiface for connecting said CD
replay device to a bus of a computer system, and a
controller for controlling all the oéerations; comprising
the.steps of:

halting data reading by said read mechanism when said

ejection button is depressed for a period that is shorter
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than a predetermined time during said data reading by said

49

read mechanism; anq
skipping from a reading position on said CD to a succeeding
track when said ejection button is depressed for said

determined period or longer during said data reading by said

read mechanism.

Claim 7

A method, for controlling a CD replay device that comprises
a tray on wﬁich a CD is placed, a dischargg mechanism for
retracting and extruding said tray, an ejection button to
instruct the extrqSion of said tray, ajread mechanism for
seeking data on the surface of §aid CD and for reading said
aata, a data processor for processing said data that are
read, a line out terminal for relaying an analog output of
said data that are read, an interféce_fqr connécting said CD
replay device to a bus of a computer systen, 'and a
controller for controlling all the operations, wherein data
are fead.from a CD-DA track and an analog output of said
data can be transmitted from said line out termiﬁal,
comprising: -

a timing step of timing a period during which said ejection
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button is depressed;

a first decision step of determining whether or not a CD-DA
t?ack is being read when, at said timing step, said period
is a predetermined period o£ longer;

a second decision step of determining whether or not a CD
has been placed on said tray when, at said first decision
step, no reading of CD-DA track is being performed;

a third decision step of determining whether or not a
possibility exists that a CD-DA tragk is included on said CD
when, at said second decision step, said CD is determined to
be placed;

a seeking step of seeking the next CD-DA track when, at said
third decision step,.a possibility exists that CD-DA track
is included on said CD; and

a playing step of reading data from the CD-DA track that is

found at said seeking step and of providing at said line out

‘terminal an analog output of said data that is read.

Claim 8
A method for controlling a Cﬁ replay device according to
claim 7, wherein when the data reading from the CD-DA track

has been completed at said playing step, a following CD-DA
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track may be sought on said CD and said playing step may be

repeated.

Claim 9

A method for controlling a CD replay device accérding.to
claim 7, wherein, so long as the result obtained by either
one of said second and said third decision steps is
negative, said tray may be extruded by said discharge

mechanism.

Claim 10

A method for controlling a CD replay device according to
claim 7, wherein when data afe being read from said CD-DA
- track at said first decision step, a following CD-DA track

on said CD may be sought and data may be read from said CD-

DA track.

Claim 11

.A method for controlling a CD replay device according to
, claim 7, wherein, when a per;od during.which said ejection
" button is depressed is less thaﬁ a predetermineq time ét

said timing step, a check may be performed to determine
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whether or not data are being read from a CD-DA track, and when data are being read, said

data reading may be haited.
Claim 12

A method for controlling a CD replay device according to claim 7, wherein, when a pEI.'iOd
during which said ejection button is depressed is less than a predetermined time at said timing
step, a check may be performed to determine whether or not data are being read from a CD-
DA track, and when data reading is not being performed, said tray may be extruded by said
discharge mechanism.



