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SPECIFICATION

1. Name of the Invention

AN EXPANSION DEVICE DETACHABLY INSTALLED INTO A COMPUTER
SYSTEM, A METHOD FOR CONTROLLING SUCH EXPANSION DEVICE, AND
A METHOD FOR CONTROLLING THE COMPUTER SYSTEM HAVING SUCH

EXPANSION DEVICE

\meclaims
N

An expansion vice detachably installed into a computer
system, comprising; ®entral processing means for controlling
the operation of said e ansioh device; first data saving
means, which is'volatilé, for™ eing u;ed as working area by
said central processing means in _andling,task; interface
means for communieating with said compu er system; means for
supplying power to each element in séid pansion device;

and second data saving means, which is non-

olatile and

write-enable, for saving the context informatiom\ held by

said interface means and the data stored in said firsk data

saving means in response to the request from said compu



ANSI ON DEVI CE 2. Field of the Invention The presen ,' 1 od
;grates to: an expansion device detachably installed i “
seonputer systenl such as "notebook™ type conputer, a netho

" control ling such - expansion device, and a method for. contro

system havi ng such expansion devicef and more particularly to an expan5|on
devi ce fJiBM CONEADRNTIAMer save, a nmethod for control|ing JARGEGEM@ansi on
device, and a nethod for controlling a conmputer system having such

expansi o RFEGAECATION

~Q\lﬁ Name of the Invention

|

\k“"’\.
AN EXPANSION DEVICE DETACHABLY INSTALLED INTO A COMPUTER
e .

SYSTEM, A METHOD CONTROLLING SUCH EXPANSION DEVICE, AND

A METHOD FOR CONTROLLING E%ESMPUTER SYSTEM HAVING SUCH

o
b

i,

g,

o

EXPANSION DEVICE : ' Ry
2. Claims

Claim 1

An expansion device detachably installed into a computer
system, comprising; central processing means for controlling
the operation of said expansioﬁ device; first data saving
means, which is volatile, for being used as working ér?a by
said central processing means in handling task; inter%ace
means for communicating with said computer system; means for
supplying power to each element in said expansion device;
and second data saving means, which is non-volatile and
write-enable, for saving the context information held by

said interface means and the data stored in said first data

saving means in response to the request from said computer
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’Epecifically, the present invention relates to an. expansi on deV| di
s capable of resuming a task quickly and precisely fror#hs
Texecution when a conput er - systen1turns pomer on agaln aft

power supply to its c
savi ng power, a nethod for controlling such expan5|on deV|ce and a nethod
for cont i@ |Q€§3F§DENTIAL JA994016

system via said interface means.

Claim 2

An expansion device detachably installed into a computer
system, comprising; a spindle motor for mounting a storage
medium of disk to rotate said disk; a head for accessing
said disk; a slider motor for moving said head along the
radial direction of said disk; a motor drive means for
driving said spindle and slider motors; a processor means
for processing the output of said head; a motor drive
controller means for controlling said motor drive means; a
ceﬁtral processing means for controlling the operation of
said expansion device; first data saving means, which is
volatile, for being used as working area by said central
processing means in handling task; inﬁerface means for
communicating with said computer system; means for supplying
power to each element in said expansion device; and second
data saving means, which is non-volatile and write-enable,
for saving the context information held by said interface
means and the data stored in said first data saving means in
resppnse to the request from said computer system via said

interface means.
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ri'or Art Recent advancenents in t echnol ogi es has res

wi despread use of portable or "notebook" type conputers

smal | size and light weight for portability. An -exa

conmputer is shown in Fig. 18, in which portable conputer 100 has

rel ati vel5BM KIGNEIBBNTLAG: and _ JAZ94016
Claim 3

The expansion device of claim 2, characterized in that said

expansion device is a CD-ROM drive.

Claim 4
The expansion device of claim 2, characterized in that said

expansion device is a magneto optical disk drive.

Claim S
The expansion device of claim 1 or 2, characterized+in that

said first data saving means is a static RAM.

Claim 6
The expansion device of claim 1 or 2, characterized in that
said interface means receives a request from said computer

system in a form of command.

Claim 7
The expansion device of claim 1 or 2, characterized in that
said interaface means receives a request from said computer

system in a form of hardware interrupt.

—
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onput er system having such expan5|on -devi ce. g of the
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central

pover 120, which is‘coupled to body 110 so that cover 120 can be o

4Fnd closed..  Cover 120 has shall ow case 121. At the bofkigshers eplaged
~a pair of cylindrical protrusions 122 is fornmed integrally : l H :
Wth the pair of protrusions 122 rotatable supported w.th

body, cover 120 is hinged on body 110, allow ng cover 120 to be opened or
cl osed WM GONPEENTIAIbody 110 with an axis of protrusi onBRIAPP01E n t he

portion of the open side, i.e. back side, of the
Claim 8

The expansion device of claim 1 or 2, characterized in that

said second data saving means is a flash memory.

Claim 9

A method for controlling an expansion device detac'hably
installed into a computer system, comprising; central
processing means for controlling the operation of said
expansion device; first data saving means, which is
volatile, for being used as working area by said *central
processing means in handling task; interface means for
communicating with said computer system;.means for supplying
power to each element in said expansion device; and éecond
-data saving means, which is non-volatile and write-enable,
for saving the context information held by said interface
means and the data stored in said first data saving means,
characterized in that the method comprises the steps of
receiving a prior notification of powered down from said
computer system; saving in said second data saving means the
context information held by said interface means and the
data stored in said first data saving means in response to

said notification; and notifying said computer system of the

peRed
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. LCD120) .

Body 110 has a shal |l ow case 111 to which su

- cover, liquid crystal display or LCD123 is prOV|ded~I~]{';}!§sh
.of the personal conputer (hereinafter the -cover is gener tmﬁ'"'"

a given width is attached to cover the rear portion of

IBM CONFIDENTIAL - . JA994016

completion of said saving step.

Claim 10

A method for controlling an expansion device detachably
installed into a computer system, comprising; central
processing means for controlling the operation of said
expansion device; first data saving means, which is
volatile, for being used as working area by said central
processing means in handling task; interface means for
communicating with said computer system; means for sdpplying
power to each element in said expansion device; and second
data saving means, which is non-volatile and write-enable,
for saving the context information heid by said interface
means and the data stored in said first data saving means,
characterized in that the method comprises the steps of
receiving an instruction from said computer system when
power supply is restarted; restoring the data being saved by
said second data saving means to said interfaée means and

said first data saving means in response to said

instruction; and notifying said computer system of the

completion of said restoring step.
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t he upper’ openi ng of case 111. At the front portion of g
- ‘keyboard 113 is placed as an |nput means of the- person'f:ilﬂEs ot it Feer Koy °rf]h
.back edge of keyboard 113, a pair of tongue protrusi ons ﬂuﬂﬂlmﬂg j

integrally with keyboard 113. Wth the pair of protrus rted

axially with the front edge of support plate 112, keyboard 113 is hinged
on plate IB®. CORFEDENTDAK keyboard 113 to be opened or clogad3dDiLb respect
to case 111 with an axis of protrusions 114, and the interior of case 111
i s expose@lagmehl keyboard 113 is opened. Qpening or closing of LCD120 with
respect to body 110 and that of keyboard 113 with

A method for controlling an expansion device detachably

installed into a computer system, comprising; a spindle
motor for mounting a storage medium of disk to rotate said
disk; a head for accessing said disk; a slider motor for
moving said head along the radial direction of said disk; a
motor drive means for driving said spindle and slider
motors; a processor means for processing the output of said
head; a motor drive controller means for controlling said
motor drive means; a central processing meahs for
controlling the operation of said expansion device,
characterized in that the method comprises a step of idling
to stop the output of said head and the operation of said
motor drive controller means, while not to stop at least one
operation of said motor drive means and said central

processing means.

Claim 12

A method for controlling an expansion device of claim 11,
characterized in that a first predetermined period of time
is giy?n af;er the las§¥d;$k:access before said idling step

is entered.
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respect to case 111 is acconpllshed by two-step oper at i
.control 115 provided on a-side of case 111. - Since cl osi Eﬂsﬁ&ﬁlﬁgmﬂ# Qéeﬁ

openi ng keyboard 113 will disable conputer 100, mechani suc

as LCD cl ose and keyboard open are electrically convert
I nt errupt 4 factors.
IBM CONFIDENTIAL JA994016

Claim 13

A method for controlling an expansion device detaehably
instalied into a computer system, comprising; a spindle
motor for mounting a storage medium of disk to rotate said
disk; a head for acceeeiﬁg said disk; a slider motor for
moving said head aleng the radial direction of said disk; a
motor drive means for driving said spindle and slider
motors; a processor means for proceésing the output of said
head; a motor drive controller means for controlling said
motor drive means; a central processing meahs for
controlling the operation of said expansion device,
characterized in that the method comprises a step of‘idling
to stop the output of said head and the operation of said
motor drive controller means, while not to stop at least one
operation of said motor drive means and said central
processing means, and standby to stop the operation of said
motor drive means, while not to stop at least the operation

of said central processing means.

Claim 14
A method for controlling an expansion device of claim 13,

characterized in that a second predetermined period of time

* [ L n - *



Fi.g. 19 shows the exposed |nter|or of case 111 with quﬁgﬁhﬂhsﬁ&ﬁR_ kgg
opened. At near central portion of case 111, partltlo

separate the front portion of case 111 fromits rear q&mmmm& |on
116 may be forned of a thin nmetal plate by a bending p

rear portion of case 111 which is enclosed by partition ;ﬁ&; ere |s
accomod&te & NEQQQﬂﬂ ﬁﬁrCU|ts (not shown) of the person éb

i ncl udi ng CRU, st em bus The J ar e i nt of
partitid% ¥ 85i 8 65 %E%%ﬁﬁﬁﬁi éfﬂ%ﬁ?? 1ﬁ£§|8£§%YgﬁgﬁPas f1 oppy
di sk dri

' rgéfentered.

Claim 15

A method for controlling an expansion device detachably
installed into a computer system, comprising; a spindle
motor for mounting a storage medium of disk to rotate said
disk; a head for accessing said disk; a slider motor fox
moving said head along the radial direction of said disk; a
motor drive means for driving said spindle §nd- slider
motors; a processor means for processing the output of said
head; a motor drive controller means for controlling said
motor drive means; a central processing means for
controlling the operation of said expansion device,
characterized in that the method comprises a step of idling
to stop the output of said head and the operation of said
motor drive controller means, while not to stop at least one
operation of said motor drive means and said central
processing means, and standby to stop the operation of said
motor drive means, while not to stop at least the operation
of said central processingpmeans; and sleep to stop the

operation of said central processing means.
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(FDD) pack 117 and hard di sk drive (HDD) pack 119 and b% te a éﬁ.
-Provided on a side of partition 116 are connectors (ndf Pt 2
~conply with respective standards for the internal circ | h | e

conput er

a new concept for such portable conputer 100, there has been suggested

100 to electrically connect these packs with

t hat FDDIBMCKONFIDBNTHBD pack 118 be used exchangeabl e w URAS9u4loas
det achabl e expansi on devices. For exanple, FDD pack 117 coul d be renoved

fromtheCdpamelébn the

A method for controlling an expansion device of claim 15,
characterized in that a third predetermined period of time
is given after the last disk access before said sleep step

is entered.

Claim 17

A method for controlling a computer system onto which an
expansion device is mounted, thé expansion device comprising
central processihg means for controlling the operation of
said expansion device; first data saving means, which is
volatile, for being used as working area by said central
processing means in handling task; interface means for
communicating with said computer system; means for supplying
power to each element in said expansion device;.and second
data saving means, which is non-volatile and write-enable,
for saving the context information held by said interface
means and the data stored in said first data saving means,
characterizéd in that the method comprises the steps of
sending from said computer system to said expansion device
a pribr notification of pqwé;ed down from said power supply

means to each element; saving in said second data saving

A
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5 front portion of case 111 to substitute CD-ROM driv LhEceli
CD- ROM (Conpact Disk Read Only Menory), as used herei ﬁhﬁiﬁng%&“R e sﬁ:j]
ge

‘optical disk of alumnum reflective filmtype, and part ra
medi um used- only for playback which stores information of —
the fact that depressions on the surface of the disk cause variation of

the i nt enSBHYyCONFEBEN®TARI | i ght. Capabl e of - JA994016

means the context information held.by said interface means
and the data stored in said first data saving means py said
expansion device in response.to.said notification; notifying
said compuﬁer system of the completion of said saving steé
by said expansion device; and powering down supply by said

computer system in response to said notification.

Claim 18

A method for controlling a computer system onto which an
expansion device is mounted, the expansion device, cofiprising
central processing means for controlling the operation of
said expansion device; first data saving means, which is
volatile, for being used as WOrking area by said central
processing means in handling task; interface means for
communicating with said computer system; means for supplying
power to each element in said expansion device; and second
data saving means, which is non-volatile and write-enable,
for saving the context information held by said interface
means and the data stored in said first data saving means,
characterized in that the method comprises the steps of
sending from said cbmpﬁfer system an instruction for

restarting power supply when power supply to each element by

10



_ hi gh-density recording, CD-ROMhas been used to-record i L84 a§§§%"§£kdl
sinformation such as text data and program data, as well g
data (including, pictures, animation and comnputer graphi ;Ell]ui lm I[m
i ncorporating a CD-ROM drive having such data playback f ! '
portable conputer as a new nedium (or nultimedia) is expected to be
wi del y use® iGONFIIBNTTAde| udi ng education and entertai nmentJA3340kHe of the
purposes for which the portable conputer is developed is outdoor use in a
port abl e SlithePOWEYpissEBLly, MeRRer isuppegtasteder ARG OHAT dehefddt on a

constant AC

expansion device the data being saved by said second data
saving means to said interface means and said first data
saving means in response to said instruction; notifying said
computer system of the completion of said restoring step by
said expansion device; and restarting power supply by said

computer system in response to said notification.

Field of the Invention

The resent invention relates to an expansion~® device
detachably installed into a portable computer system, such
as “"notebook™ type computer, a method for controlling such
expansion device), and a method for controlling a computer
system having such expansion device, and more particularly
to an expansion device ¥for realizing power save, a method
for controlling such expansion device, and a method for
controlling a computer system haying such expansion device.

%,

Specifically, the present invention rélgtes to an expansion

\“u,
"y,

device which is capable of resuming a ‘task quickly and
precisely from the same point of execution whéhia computer

system turns power on again after suspending power suapply to

| TR O Y _—
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source, but on a battery pack (particularly N Cd, N Mg
rechargeabl e battery), as shown in Fig. 19. However,
limted to the type of small size, light weight and s ﬂ

Consequent |y, neasures have been
X recent portabl e conputers for Power Managenent or Pomer Save.

t aken

M CONFIDENTIAL _ JA994016
said wer supply means is restarted; restoring by said
expansion deéwice the data being saved by said second data
saving means to sa?&%%:Ferface means and said first data

' S
saving means in response to‘sgéd instruction; notifying said

computer system of the compleezzzmbg said restoring step by

*,‘b

said expansion device; and restarting powegr supply by said

computer system in response to said notificati

3. Field of the Invention

The present invention relates to . an expansion® device
detachably installed into a portable computer system, such
as "notebook" type computer, a method for controlling such
expansion device, and a method for controlling a computer
system having such expansion device, and_mbre particularly
to an expansion device for realizing power save, a method
for controlling such expansion deeice, and a method for

controlling a computer system having such expansion device.

Specifically, the present invention relates to an expansion
device which is capable of resuming a task quickly and
precisely from the same point of execution when a computer

system turns power on again after suspending power supply to

11
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almost all portions except nmain nenory for power save

~state occurs in which an I/O device activity has not b [?
certain period of tine or closing of an LCD (cover) is detec re
t he suspend node is entered, the data necessary for -restarting a task,
such as tFRMhGONREPBNEDME ext information including I/0 confdg ﬁ%lﬁon and
CPU status and the contents of VRAM is saved in main nmenory the
ot her hanttst FemMPEPERESi 0Lf GV 2ATeR), powsetiggplfpPn (F%&It"]flrld?ﬁ t he

One exanpl e of power save is "Suspend", which is to be i@ téﬂsd@mﬁ

such expansion device, and a method for controlling a

computer system having such expansion device.

4. Description of the Prior Art

Recent advéncements in technologies has resulted in a
widespread use of portable or "notebook" type computers
designed to have a small size and light weight for
portability.

An example of portable computer is shown in Fig. 18, in
which portable computer 100 has relatively thin body 110.and
cover 120,.which.is coupled to body 110 so that cover 120

can be opened and closed.

Cover 120 has shallow case 121. At the bottom of case 121
~a pair of cylindrical protrusions 122 is formed integrally
with the case. With the pair of protrusions 122 rotatable
supported with respect to the body, cover1120 is hinged on
body 110, allowing cover 120 to be opened or closed with
respect to body 110 with'an axis of protrusions 122. 1In éhe
central portion of the opén side, i.e. back side, of the

12



suspend node for recovery is called "Resune". In the r esur
previously saved in main nenory is restored to each conpo

task to be restarted fromthe sanme point as that of  power

series of power rmanagenent operations is actually execut

Sh ?B { eld%é
-4

such as those which is called PMcode (PMC) or Advanced PM (APM, which

is a tradeiBM KCQNFIRENRIARWt er nati onal . One chal | enge en
devel opi ng a power nmanhagenent

cOADP&OEE i Nn

cover, liquid crystal display or LCD123 is provided as a
display means of the personal computer (hereinafter the

cover is generically called LCD120).

Body 110 has a shallow case 111 to which support plate 112
of a given width is attached to cover the rearlportion of
the upper opening of case 111. At the front portion of the
upper opening, keyboard 113 is placed as an input means of
the personal computer. At the back edge of keyboard 113, a
pair of tongue protrusions 114 is formed integrally witﬁ
keyboard 113. With ;he pair of protrusions 114 supported
axially with the front edge of support plate 112, keyboard
113 is hinged on plate 112. This allows ke?board 113 to be
opened or closed with respect to case 111 with an axis of
protrusions 114, and the interior of case 111 is exposed
when keyboard 113 is opened. Opening or closing of LCD120
with respéct to body 110 and that of keyboard 113 with
respect to case 111 is accomplished by two-step operation on
open/close control 115 provided on a side of case 111.
Since closing LCD120 or opening keyboard 113 will disable
'computér 100, mechanical operations such as LCD close and

keyboard open are electrically converted into CPU interrupt

13



“mode such as suspend. As descri bed above, the portab
(hereinafter called host) saves the systeminformation
i medi ately before suspend, such as the hardware context

IBM CONFIDENTIAL JA994016

technique is how can'a task be resuned qU|ckIy and fr0n1[ﬂg§ﬁkﬁ%$§&£Q@1§§gE
pei nt of execution as of. interruption upon recovery fro:Hl Mum 7‘

factors.

Fig. 19 shows the exposed interior of case 111 with keyboard
113 being opened. At near central portion of case 111,
partition 116 is provided to separ;te the front.portion of
case 111 from its rear portion. Partition 116 may be formed
of a thin metal plate by a bending process. In the rear
portion of case 111 which is enclosed by partition 116,
there is accommodated internal circuits (not shown) of the
personal computer including CPU, ROM, RAM and sysfem bus.
The larger space in front of partition 116 is provided to
accémmodate expansion devices, such as floppy disk drive
(FDD) pack 117 and hard disk drive (HDD) pack 119 and
battery pack 118. Provided on a side of partition 116 are
connectors (not shown) which comply with respective
standards for the internal circuits of portable computer 100

to electrically connect these packs with the circuits.

As a new concept for such portable computer 100, there has
~been suggested that FDD pack 117 or HDD pack 118 be used
wékchangeable with other detachable expansion devices. For

example, FDD pack 117 could be removed from the space in the

14



i nformation including register values of each chip and tHieShe o 5284 e Qf:ed ]

VRAN[ in main nmenory to preserve the "sanme point of exe
host . - For the expansion device, on the other hand, le")ﬂwwﬂw “Fn t
be provided when the host enters the suspend node is "

ot her words, the host does not consider the status of the expansi on

devi ce, bmsmmmmm itself, that is, whether it has prAE0idd t he

"sane point of execution" to ef f ect pomered down.
front portion of case 111 to substitute CD-ROM drive pack

50. The term CD-ROM (Compact Disk Read Only Memory), as
used herein, is meant to be an optical disk of aluminum
refléctive film type, and particularly a storage medium used
only for playback which stores information by making use of
the fact that depressions on the surface of the disk cause
variation of the intensity of reflected light. Capable of
high~density recording, CD-ROM has been used to reéord a
great quantity of information such as text data and program
data, as well as audio and image data (including, pictures,
animation and computer graphics). By incorporating a CD-ROM
drive having such data playback function, the portéble
computer as a new medium (or multimedia) is expected to be

widely used in fields including education and entertainment.

One of the purposes for which the portable computer is
developed is outdoor use in a'portable manner. Typically,
power supply is therefore not dependent on a constant AC
source, but on a battery pack (particularly NiCd, NiMH or
LiIon rechargeable battery), as shown in Fig. 19. However,
the battery pack is limited to the type of small size, light

weight and short lifetime. Consequently, measures have been

15



Fron)a poi nt of view, the expansion device can be' di vi degt....i gt o Ope ced -
whi ch has no CPU, e.g. floppy disk drive or- FDD, and thg¢ | a
build-in CPU, "e.g. hard disk or HDD and CD-ROM drive. QOfer " I n r :

' 3 co '

former type is 8
controller circuit provided within the host,
IBM CONFIDENTIAL JA%94016

taken in recent portable computers for Power Management or

Power Save.

One example of power save is "Suspend", which is to be
powered down to almost all portions except main memory for
power save when a predetermined state occurs in which an I/0
device activity has not been detected for a certain period
of time or closin§ of an LCD (cover) is detected. Before
the suspend mode 1is entered, the data necessary for
restarting a task, such as the hardware context infdrmation
including I/0 confiéuration and CPU status and the contents
of VRAM, is saved in main memory. On the other hand, the
.operation for restarting power supply to exit from the
suspend mode for recovery is called "Resume". In the resume
mode, the data previously saved in main memory is restored
to each component to enable a task to be restarted from the
same point as that 6f powered down. This series of power
management operations is actually executed by a program such
as those which is called PM code (PMC) or Advanced PM (APM),

which is a trademark of Astek International.

One challenge encountered in developing a power management

16



such as floppy disk controller or FDC. n such cases, the
preserve the status of FDD innediately bef ore- tranS|t|oﬁhl
the "same point of execution” by ‘managi ng FDC. Howe
different in the expansion devi ce" having a built-in CPU
expansi on device includes ROMfor storing various types of flrnmare and
RAM as worsd ngoNFERENTIARU.” The host operating system or §&394dD6s not
directly control the expansion device, but only issues an instruction in a
form of corecimiliqwet he CRw ofamhe task be resumed quickly and from

precisely the same point of execution as of interruption

upon recovery from the power save mode such as suspend.

As described above, the portable computer body (hereinafter
called host) saves the system information which was present
immediately before suspend, such as the hardware context
information including register values of each chip and the
contents of VRAM, in main memory to preserve the "same point

of execution" for the host. .

For the expansion device, on the other hand, only
information to be provided when the host entérs the suspend
mode is "power down". In other words, the host does not
consider the status of the expansion device, but consider
only itself, that is, whether it has preserved the "same

point of execution" to effect powered down.

From a point of view, the expansion device can be divided
into the one which has no CPU, e.g. floppy disk drive or
. FDD, and the othgrﬁwhiéh:hagﬂé:build-in CPU, e.g. hard disk
or HDD and CD-ROM drivét Opéfation-of the former type is

17



expansi on
command f

actual tasks by using RAM-as.- working area. The host CS i

directly
typically

devi ce. The CPU of the expansion device
romthe host in accordance with the firmwvare in

control -all components within the expansi on devi
has not such function. In these environnents, if the host

r ef er enced BMNIOPNFIIOENTIRAEs of itself to be povered down, oP&d&4i0d6

results

e.g. the contents of RAM on the expansion device will be Iost

(i.e., becansaoliedh byt ah@@ntmm:ng::tm@ot @apavisied withignghenhosbst

COﬂt ents

of storage
such as floppy disk controller or FDC. In such cases, the

host could preserve the status of FDD immediately before
transition to suspend, i.e., the "same point of execution",

by managing FDC.

However, the case is different in the expansion device
having a built-in CPU. This type of expansion device
includes ROM for storing varioﬁs types of firmware and RAM
as working area of CPU. The host operating systenf or 0S,
does not directly control the expansion device, but only
issues an instruction in a form of command to the CPU of the
expansion device.  The CPU of the expansion device
interprets the command from the host in accordance with the
firmware in ROM and performs actual tasks by using RAM as
working area. The host 0S is not required to directly
control all components within the expansion device, and
typically has not suchlfunction. In these environments, if
the host references only the status of itself to be powered
down, operation results, é.g;'the.contents of RAM, on the
expansion device will bg lost (i;e., because the host has

nothing to do against it!), and the lost contents of storage

18
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cannot be recovered even if power is supplied again fron1th
Fromthe descriptions above, those skilled in the art wil \“ﬁ

1'Been laced
‘appreci ate that conventional host corrputers cannot restar ﬁﬂ “m \ ]
precisely the same point of execution.
IBM CONFIDENTIAL | B JA994016
cannot be recovered even if.power is supplied again from the

host.

From the descriptions above, those skilled in the art will
readily appreciate that conventional host computers cannot

restart a task from precisely the same point of execution.

Problems which arise when the status immediately before
transition to the suspend mode is lost at the expansion
device will now be briefly described with an gxahple of

CD-ROM drive.

The RAM at the CD-ROM drive has recorded various information
on the disk being inserted.  This information includes data
allocation information such as Table of Contents or TOC,
drive parameters indicating data rates, and audio parameters
indicating audio output levels. Among these, the TOC
information is necessary for searching recording positions
during playback of the disk, and is retained when the disk
contents are read into_RAM;dg;igg its insertion until either
the disk is removed, of po&éf on reset (POR) is done. Each
value of drive and audio parameters is dynamically updated

19



Propl ens -whi ch arise when the status inmmediately before transition to the =

suspend node is |ost at the expansion.. device will now p&hi
~with an exanple of CD-ROMdrive. - The RAM at the CD-
recorded various information -on the di sk being inserted.

17111

i ncludes data allocation information such as Table of Contents or TOC,
drive par 2BMt EONFIDENTAALNG data rates, and audi o paranet er gA%BAdiL6éat i ng

audi o out put |evels. Anmong these, the TCC

during processing of commands from the host. However, if
power supply is suspended only for the convenience of the

host, such data in RAM will be lost.

Once these working data in RAM i; lost, some disadvantages
are found during resume operation. Of these, the TOC
information, as. with normal Power -On Reset (POR), must be
read again from thé disk. However, the CD-ROM drive has an
average access time of as long as 350 milliseconds,
requiring seconds or tens of seconds even for reading the
TOC information. (The compact disk usually manages
information for each session. The TOC is provided for every
session and recorded in the Lead-In at the beginning of each
session. The TOC has a size of 512 bytes per session. Forx
the disk which consists of multiple sessions, the time
required for reading operation will be longer as the number
of TOCs increases.) The time duration from several seconds
to tens of seconds is too long for the user to wait, taking
a random look at the display. In such situations, the user
_ may have. wrong or unfavorable impressions, like “the
coméuteffis not good enéuéh to use" or "the machine might
have gone trouble". 1In addition, drive and audio parameters

20



of the disk, and is retained when the disk contents are

during its insertion until either the disk is renoved:

(POR) is done. Each value of . drive and audi o paraneters

updat ed ' 10 during proce55|ng of conmands

fromthe HEM CONBIBBNIIAL f . JA994016

information is necessary for searching recor di ng p05|t|9ﬂ§sh gﬁﬁ&nmgpc

must be specified again, as with normal POR. In such case,
the context of the task is destroyed, e.g. the disk is
played back with a different audio level. This gives the
user a sense of incompatibility. Briefly, playback of the
CD-ROM is not reéfarted from the same point of execution.
Similar problems might arise during wake-up after
hibernation. (For details of the hibernation technique for
computer systems, refer to Japanese patent application 5-
184186.)

With its high capacity, the CD-ROM, among others, is often
used for providing long programs such as roll-playing game,
and the user is likely to close the LCD many times to stop
a game until the program ends. Thus the problem of the
resume mode, i.e. restarting a task quickly from the same

point of execution, becomes more severe.

Such problem during the resume mode, however, is unlikely to
occur with the HDD since its average access time is as
relatively short as apprpximately 12 milliseconds. For the
magneto optical (MO) disk Arivé{-the average access time is
as slightly longer as 32 milliseconds at most (for thick
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power supply is suspended onIy for the conveni ence of the TMQ§ka;§§§gh i
i-n RAM wi | | be | ost. Once these working .data in RAMis

di sadvantages are found during resune operat.ion. O thes§

i nformation, as with normal Power On Reset (POR), nust bel

t he di sk. However, the CD-ROM drive has an average access tlne

| ong as I CONHIOEBNSIRAIdAS, requiring seconds or tens of Jm&ﬁﬂﬂESeven
for reading the TOC information. (The conpact disk wusually manages
i nf or mat | rivgs .eacHisbssd ohuiTheiTOCyipe MOvAdésef,orth® eagcess time

further increases as the feed motor size is reduced.), the

problem of resuming being as severe as for the CD-ROM drive.

5. Objectives

From the foregoing descriptions, it should be readil&.
apparent to those skilled in the art that there is required
information for restarting a task from the suspend mode a£
the host, and similarly, that there is also required
information for restarting the task at thpi'ﬁevice,
especially at the one having its own CPU. Moreover, it
should also be apparent to those skilled in the art that the
host cannot control all the information required by the
device for reéuming. However, if no provision is available
for managing these information at the expansion device, a
longer period of time will be necessary for restarting a:

task and the context of the task will be lost.

It is therefore one object of the present invention to
provide an expansion device detachably installed into a
computer system (host) and capable of reéponding quickly and

22



session and recorded in the Lead-1n . at the begi nning ofl TaRGheet 36 Ben®R: 1ac‘ga1e-_.-.

TOC has a.size of 512 bytes per session, For the disk whi .
mul tiple sessions, -.the tine required for readi ng operatio I er

as the nunber of TOCs increases.) The time duration from

to tens of seconds is too long for the user to wait,

S

t aki ng __a random |-ook

at the di SR CONETDENIHAL tuations, the user may have w ongd®A94Mavorabl e
i npressions, like "the conputer is not good enough to use" .or "the

m ght
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the host.

It is another object'of the present invention to provide an
environment for a portable computer system wherein the
expansion device itself saves the information which 1is
required during resume operation and cannot be managed at
the host when the suspend mode is entered, thereby allowing
a task to be restarted quickly and from precisely the same

point of execution during resume.

machi ne

The present invention contemplates these issues, and a first

aspect of the invention is an expansion device detachably

‘installed into a computer system, comprising; central

processing means for controlling the operation of said
expansion device; first data saving means, which is
volatile, for being used as working area by said central
processing means in handling task; interface means for
communicating with said computer system; means for supplying

power to each element in said expansion device; and second

' data saving means, which is non-volatile and write-enable,

for saving the context information held by said interface

23
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nmust., be specified again, as with normal POR |n such case ' the
the task is-destroyed, e.g. the disk is played back w t hrs

l'level . This gives the wuser a sense of inconpatibility.: B

of the: CD-ROMis not restarted fromthe sane point of exe
problenms mght arise during wake-up after hibernation. (For details
of the hi bdBMaCONRIDENBRAGuUe for JAY9940156

means and the data stored in said first data saving means in

response to the request from said computer system via said

interface means.

Viewed from a second aspect the present invention provides
a method for controlling an expansion device detachably
installed into a computer system, comprising; central
processing means for controlling the operation of said
expansion device; first data saving means, which is
volatile, for being used as working area by said *central
processing means lin handling task; interface means for
communicating with said computer system; means for supplying
power to each element in said expansion device; and second
data saving means, which is non-volatile and write-enable,
for saving the context information held by said interface
means and the data stored in said first data saving means,
characterized in that the method comprising the steps of
receiving a prior notification of powered down from said
computer system; saving in said second data saving means the
context information held by said interface means and the
. data stored in said first daté saving means in response to
said notification; and notifying said computer system of the
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providing |ong programs such as roll-playing gane, ..and the

to close the LCD nany. tinmes to stop a gane until the progr

the problemof the resune node, i.e. restarting a task quickly fron1the
same  poi nBY CONFEPENSTALbecones more severe. 'JA9940156

completion of said saving step.

conput er systensl refer to Japanese patent appllcatlon 5- T&ngﬁﬁthachlmxd
Wth its high capacity, the CbO-ROM anong others, is often lm ﬂ,t

Viewed from a third aspect the present invention provides a
method for controlling an expansion device detachably
installed into a computér system, comprising; central
processing means for controlling the operation of said
expansion device; first data saving means, which is
volatile, for being used as working area by said centrai
processing means in handling task; interface means for
communicating with said computer system; means for suwpplying
power to éach element in said expansion device; and second
data saving means, which is non-volatile and write-enable,
for saving the context information held by said interface
means and the data stored in said first data saving means;
characterized in that the method comprises the steps of
receiving an instruction from said computer system when
power supply is restarted;'restoring the data being saved by
said second data saving means to said interface means and
said first data saving means in response to 'said

instruction; and ‘notifying. said computer system of the

o

completion of said restoring step.
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- Such_problemduring the resunme node, howvever, is unlikel yT}ﬁsCEhedDHasBeemRQPhCCd
the HDD since its average access tinme is as relatively sh

approxi mately 12 mlliseconds. For the magneto opti cal

the average access time is as slightly longer as 32 mII|

12 drives. Wth a bU|It-|n
type MO dr ilBY QONF TAERGSATt i ne  furt her i ncreases as the feedARft41l6ize is

(for thick

reduced. ),

t he
The operation of the present invention will now be described

with respect to its first, secbnd and third aspects. When
the computer system enters a power save mode such as suspend
to interrupt powér supply to the expansion device, the
working data stored in RAM as first data saving means and
the contents of registers in an interface circuit which is
part of a interface means are lost. Thus, the context
information of a task which has been executed by the
expansion device is lost. The expansion device pertinent to
the present invention has flash memory as second dat8 saving
means, which is non-volatile. This flash memory can retain
these context information even when power supply 1is
suspended. In the method for controlling the expansion
device pertinent to the iﬁvention, the status of the
expansion device, e.g. working data in RAM and the contents
of registers in the interface circuit, is saved in flash
memory before the computer system enters the suspend mode.
In accordance with the method for controlling the expansion

device relative to the present invention, the contents of

flash membry is restored to each unit of the computer system

before the system'iﬁitiatés resume operation. Therefore,
the expansion device is not required to reread the TOC

26
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probl em of resum ng bei ng as severe as for the CD ROM dr

] eplaced
4. Cbj ectives Fromthe foregoing descriptions, .it shoul dljbe )
apparent to those skilled in the art that there is requijed i

arly,

for restarting a task fromthe suspend node. at  the hosti: a
that there is also required information for restarting the task at the

g GNERPENTEAfe one having its own CPU. Mor eovefA934016&houl d
al so be apparent to those skilled in the art that the

devi ce,

information from the disk during resume, and is given the
same context as that was present immediately prior to
suspend. - Briefly, the expansion device can restart a task

quickly and from precisely the same point of execution.

A fourth aspect of the present invention is a method for
controlling an expansion device detachably installed into a
computer system, comprising; a spindle motor for mounting a
storage medium of disk to rotate said disk; a head for
accessing said disk; a slider motor for moving safid head
along the radial direction of-said disk; a motor drive means
for driving said spindle and slider motors; a processor
means for processing the output of said head; a motor drive
controller means for controlling said motor drive means; a
central processing means for controlling the operation of
said expansion.device, characterized in that the method
comprises a step of idling to stop the output of said head
and the operation of said motdr dri&e controller means,
while not to stop at least one operation of said motor drive

means and said central processing means, and standby to stop

..~ the operation of said motor drive means, while not to stop

at least the operation of said central processing means; and
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resum ng. However

host cannot control all the information required by the Slsqlgetﬁ%rBeenReﬁlaced

' , 1f no. provision is.avaLLabIe for manag
informati on at the expansion device, a '|onger period of mu
necessary for restarting a task and the context of the tas

It is therefore one object of the present invention to provide an
expansi on dERYcEONBIRENBEAY instal | ed |nto ~conput er system (Hibd88%0aAd

capabl e of

respondi ng qui ckly and
sleep to "stop thHe operation of said central processing

means.

According to the present invention with respect to the
fourth aspect, it is possible to accomplish a great amount
of power savé while power is continu;usly supplied, by
essentially interrupting the operation of each unit within
the expansion device. In addition, it is also possible to
accomplish a great amount of power save with only the
expansion device, without the computer system bqing aware,

even when the computer system is supplying power to this

expansion device.

- The foregoing and other objects, features and advantages of

the invention will be apparent from the following more
particular description of the preferred embodiment of the

invention, as illustrated with the accompanying drawings.
6. Description of the Preferred Embodiment

A preferred embodiment of the present invention will now be

explained under the following headings:
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13 accurately to a series of operations for power nanagemept ﬁ%m}ﬁJE%m1 mmd
It- is anot her object . of the present |nvent|on to prOV|de an

for a portable conputer system wherein the - expansion devic unn ﬂm ﬂ
the information which is required during resume operation

managed at :

IBM CONFIDENTIAL o | - JA994016

A. Organization of a po:table computer system

B. Hardware organization of a CD-ROM drive

C. Operation modeé of the CD-ROM drive

C.1. Active mode

C.2. Idle mode

C.3. Standby mode

C.4. Sleep mode

C.5. Suspend mode

D. Procedure of transition to respective operation modés of
CD-ROM drive .
D.1. Norﬁal power on reset (POR)

D.1.1. Processing at the host

D.1.2. Processing at the CD-ROM drive

D.2. Transition to sleep mode using an internal timer of the
drive

D.3. Transition to sleep mode upon request from the host
D.4. Return from sleep mode (wake-up)

D.5. Transition from active, idle and standby to suspend
mode

D.6. Transition from sleep.to_sugpend mode

D.7. Recévery from suspend mode (resume)

E. Timing diagram of the operation of host control and drive
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t he host when the suspend node is entered, thereby all ow
restarted quickly and from precisely the same point of exe

: The present invention contenplates these i ssué{xsﬂmnﬁm mllﬂ
aspect of the invention is an expansion device detachably
risiqg; central processing neans for controlling the
n

resune.

conput er
operation
vol atil e,

syste
of

device; first data saving neans, Jah?4£0l6 s

coO
B ¢ ONF ERENREA

is S‘ﬂee‘ Az egnq{eﬁﬁced

na

for being used as working area by said central processing neans

in handl i n® 2% 4@ ¥%ce neans for

E.1l. Transition from active, idle and standby to sleep mode
E.2. Wake-up from sleep mode

E.3. Transition from aétive, idle and standby to suspend
mode

E.4. Transition from sleep to suspend mode

E.5. Resume from suspend mode

F. Application to magneto optical disk
A. Organization of a portable computer system . "

Fig. 1 is a simplified partial block diagram illustrating
the hardware organization of portable computer 100 (or a
diagram required for describing the operation of power
managément at an expansion device such as CD-ROM drive). To
build a computer system, many other components (not shown)
are actually required. However, such components are well
known to those skilled in the art and not shown herein for

the sake of simplicity of description.

In Fig. 1, main CPU70 is ‘electrically connected with each
unit within the system via syétem bus 80 so that it controls
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comuni cating with said conput er system nmeans for Supp|frnﬂs$ﬁ&¥ﬁ§3égk
I n said expansi on device; and second data savi n
non-vol atile and wite-enable, for saV|ng t he context |nf H
n

el-ement

ﬁ{é&

said interface : 14. neans a

stored in said first data saving neans i-n response to the request from

sai d conput BRM sGRYNERR RN BLARI d : JA994016
the operation of the whole system 100. Sub CPU60 is

provided to support ﬁain CPU70 in power management. Within
the system shown in Fig. 1, main CPU70, sub CPU60 and system

bus 80 should be considered to make up a host.

CD-ROM drive (hereinafter also referred to as drive) 50 is

connected to main CPU70 through system bus 80 so that it can
send to or receive commands from the host. Drive 50 is alsé
connected with sub CPU60 through host Control Signal
(hereinafter also referred to as.CS) 19 and two drive Status
Signals (also called SS1 and SS2) 20. The fqnctioﬁ of

signals 19 and 20 will be later described.

Connected to system bus 80 are expansion devices such as FDD

and HDD.

At the host, when a specified event indicating that a task
cannot continue, such as "LCD close", "keyboard open", and
"battery discharged”, is detected, main CPU70 is interrupted
to enter the suspend mode. There are two types of reqﬁests
fromifhg$h9§t to d:ivegsq jér traﬁsition to the suspend
mode.np In -6ne. tYpé, hé }Sugﬁend request is raised under
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.. controlling the operation of said expansion device;

I nterface nmeans. | Viewed froma second aspect the presem,gsﬁe@tv;eaghbéa g,laced

provides a nmethod for controlling .an expanS|on device d
installed into a conputer system conprising; central oq
[ [ [ f|r

means, which is volatile, for being used as working area by said central
processi ng TBGHONRIDRN®AAIng task; interface means for commiATAAAIg with

sai d conput er systen1 neans for SREPlylng power to each el enent in said
expansi on dERtROLl af§ Fdeorede (PMC) In this case, main CPU70

requests suspend from drive 50 by using a command via system
bus 80. In another type of transition request, a suspend
request arises under control of APM6l. In this case, sub
CPU60 requests suspend from CPU1l0 in drive 50 via host
control signal 19. (The transfer of a suspend request using

a host control signal will be described later.)

PMC71 can be the one which is loaded from system ROM (not
shown) during POR and can be the other which is incorporated
in the operating system (0S). What is important in the
present invention, however, is not the operation qf power
management itself by PMC or APM at the host, but that a
suspend request is made by the host to drive 50 in a form of

either command or control signal.
B. Hardware organization of a CD-ROM drive

Fig. 2 is a detailed block diégram illustrating the hardware
organization of CD-ROM’drive 50 shown in Fig. 1. It should
be un&er§tood by the following description that the present
invénﬁion is impleménted by using CD-ROM drive 50.
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data ;savi ng neans, which is non-volatile and wite-enable,;
context information held by said interface mnmeans and the:
said first data saving neans, characterized in that the
the steps of ‘receiving a prior notification of powered do
conputer system saving in said second data saving neans the context

i nf or mat i o Bife CONRIDENTIALNt er f ace means and the data storedAS%949diéd fir st

data saving neans in response to said notification; and notifying said
conputer s d6&M(GP)t #d as a storage medium is rotatable mounted onto

spindle motor 5. Beneath the surface of disk 21 is located
Pick Up Head 1. Motor drive circuit 4 controls the rotation
of spindle motor 5 so that the track df disk 21 rotates at
a constant linear velocity (CLV) with respect to pick up

head 1.

Pick up head 1 is used for read data using the output of
laser to disk 21 and reception of reflected light, and is
mounted onto slider motor 6 which is movable in ther radial

direction of disk 21.

The output signal from pick up head 1 is input to servo
circuit/digital signal processing circuit 3 via RF amplifier
2 for both position control of pick up head 1 and data
processing. For position control, a control system which is
made up of servo circuit 3 and motor drive circuit ¢
controls synchronous driving of spindle motor 5 and slider
motor 6 based on that output signal to enable pick up head
1l to access disk 21. Pick up head i is supported by a
two-axis device (not Shoﬁn) which is capable of precision
driving and focus and tracking-adjustable. For data
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15 conpletion of said saving step. Viewed froma thir echlu
present invention provides a method for controlling an e
detachably installed into a conputer system conpr.i sing;

processing'neans for controlling the operation of sdid ex ns on devic
first data saving nmeans, which is .volatile, for being used as worki ng area
by said cemBMAICONFIDENTIAL - _ JA994016

processing, the ogtput signal is processed by digital signal
processing circuit (DSP) 3. .To send a processed digital
signal to the host, digital/analog converter circuit (DAC)
7 converts the signal into an analog for output. For output
to a headphone, the signal is output via DAC7 and auqio
amplifier circuit 8. When the signal is output as digital
data to the host, decoder circuit 9 decodes the signal to
send it to system bus 80. The servo circuit and DSP ‘are
shown with identical reference numeral 3, and may be of the

same chip or of separate chips. _ i

A tray (not show&) for mechanically mounting disk 21 is
coupled with loading motor 12 in a power-transferrable
manner. Motor drive circuit 11 controls loading motor 12 in
response to a signal from eject button 18 which is used to
indicate tray open or close operation or a request from
CPU10 (or request from the host via CPU10), thus allowing

replacement of disk 21.

CPU10 is a controller means for controlling the operation of
each unit within CD-ROM drive 50. CPUl0 includes clock 14

for synchronizing operations, ROM16, RAM15 and Electrically
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processing nmeans in handling. task; interface means for ”H?Péh@ﬂR kbg 1
sai d conputer system nmeans for supplylng power to each i -
expansi on devi ce; and second data saving means, which |sl
write-enable, for saving.the context |nfornat|on hel d by :
means and the data stored in said first data savi ng neans; characterlzed
in that thepaetCoadIogNEIAReS the steps of receiving an instﬂB@BM@derom
sai d conputer system when -power supply is restarted; restoring the data
bei ng savedrhgable FrograndatidieaROMYi(EGPRON)S 170 said i nterface nmeans and
said first data saving neans in response to said

ROM16 is a read-only memory with its write data determined
during manufacture and is used to store various types of
firmware. The actual firmware to be stored is used for self
test performed by drive 50 during startup (POR), command
processing for interpreting commnads sent from the host
(also called host commaﬁd), checking drive status such as
disk in/out and tray open/close, or mechanical control for

controlling the drive mechanism such as tray ejegt.”

RAM15 is first data saving means used by CPUl0 as working
area and, as described in the Description of the Priof Art
above, is used to store various information on the disk 21
being inserted (e.g. allocation info;mation such as TOC,
drive parameters indicating data rates, audio parameters
indicating'audio output levels). There are Dynamic RAM
(DRAM) which require§ refreshing of stored data and Static
RAM (SRAM) which does not require ref;eshing. In this
embodiment, SRAM is preferred (the reason of which will be

described later).
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i nstruction; and notlfylng sald conput er systen1of t he hed
restoring step. 16 The gpe Jp o
present invention will now be described with respect tolit ﬂﬂ"fﬁ“

and third aspects. Wien the conputer systementers a power save no
as suspend to interrupt power supply to the expansion device, the
IBM CONFIDENTIAL JA994016

EEPROM17 is a write—enable'non—volétile semiconductor memory
and acts as second data saving means, details of which
described below. There are two types of EEPROM: in one
type, data can be erased only per bit, and in so-called
flash memory of another type, data can be fully erased by
sector. Although either type can be used as second data
saving means relative to the present invention, the latter

allows more efficient operations.

Interface circuit 9 is used to control the flow of data
between the host and drive 50 and includes a control
register, command register, status register, error register
and data register. Of these, the status register includes
a field for retaining the current operation mode of drive 50
(operation modes of drive 50 will be described in section C)
and a Busy Flag for presenting an Activity of drive 50 to
the host. The activity of drive 50 can be a Ready state in
which a host command can be executed immediately or a Busy
state in which no host command can be accepted due to
processing of a task. The.host 0S can recognize the status
;ﬁpf d;ive 50 by_pblligngﬁigiéta;us register. Interface and
decoaing circuits are shown in Fig. 2 with identical
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wor ki.ng data stored in RAM as first data saving neans and Tﬁpgwggggﬁgﬁﬁk

registers in an interface circuit.-which is part of a interf
Thus, the context information of a task which has
expansion device is lost. The éexpansi on device perti
i nvention has flash nenory as second data saving jmeans, which is

| ost .
- by the
present

i

non-vol ati lrgm ToNgIDExgirareEnory can retain these context infoygwtgign even
when power supply is suspended. 1In the nethod for controlling the
expansi on rederetceparinexdall 9} oanthenay Nventonfiguideed witdt ushe okamkhe
expansi on device, e.g. working data in RAM and the contents

chip or separate chips.

As described above, communications between CPUl0 of drive 50

and the host are performed with commands send or received

via interface circuit 9, and also with host control signal

19 and drive status signal 20.

Host control signal 19 is a signal used by the host to

communicate its intention to drive 50 and provided *for two

purposes in this embodiment. One is to send a request from
the host for changing operation mode. Anothér is to
initiate hardware interrupt to CPU1l0 while clock 14_is in
halted. As described in section C, CD-ROM drive 50 relative
to the present invention can enter an operation mode of
sleep or suspend where clock 14 of CPU10 is in a halt state.
Halted clock 14 causes interface circuit 9 to stop and
accept no command. Therefore, interruption of CPU 10 by

host control signal 19 activates clock 14.

. Conversely, drive statué"éigﬁél'20 is a signal used by drive

50 to communicate its intention to the host, and consists of
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conputer systementers the suspend node. In accordance wit
controlling the expansion device relative to the present |
.contents of flash menory is restored to each unit of the ‘conputer s
before the systeminitiates resune operation. Therefore, the expansion

of registers in the interface circuit, is saved in flash ﬁmtlﬂmbwne{el

device is A®M CONFNIDENTIALr eread the TOC JA994016

17

two signal lines SS1 and SS2, as described above. SS81
indicates the activity of drive 50 with a High or Low level
of signal. (In this embodiment, a'busy state causes SS1 to
go to a low level.) SS2 is used to notify the host that
drive 50 moves voluntarily from active, idle or standby to

sleep mode (see section D.2).

Though drive 50 is supplied with power from the host, as
shown with an arrow of reference numerél 13, detailed power
lines are not shown. It should be noted, however, that
turning on or off this power supply 13 is caused by normal
power on (POR) or power off at the host and also dependent

upon suspend/resume operation.

Operations of host control signal 19, drive status signal 20
and power supply 13 will be described. in detail in section

E.

C. Operation modes of the CD-ROM drive

CD-ROM drive 50 pertinent to the present invention has five
operation modes: Active, Idle, Standby, Sleep and Suspend.
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i nformation fromthe disk during resune, and is given the pFhigsh aced .
~that was present inmediately prior to suspend. Briefly, t “ “
device can restart a task quickly and fromprecisely the g i

executi on. A fourth aspect of the present ‘invention is " nethod for
conput er

"controlling an expansi on device detachably installed into a

system conyeM SEONEIGENTIAEI e notor for nounting a storage nBdf#9bE di sk

to rotate said disk; a head for accessing said disk; a slider

nmovi ng sai dFiggad 3 schematically shows each operation

transitions between them. Transition between each mode is
triggered by an internal timer of drive 50, a request by a
host command or host control signal, application of power

from the host for resume, or normal application

mode

suspension of power (POR) by the host. In Fig. 3,

transition is represented by an arrow indicating a trigger.
The procedure of transition to each operation mode depends

on its trigger and will be described in detail in section D.

L]

The state of operation of each mechanism and electrical
circuit within drive 50 varies between operation modes, and
their relationship is shown in Fig. 4. Ih the table shown
in Fig. 4, column headings indicate components of drive 50
(the numbers in column headings correspond to reference
numerals in Fig. 2), and row headings indicate operation
modes. Characters A (Active), I (Inactive) and D (Disabled)

in each column of the table denote the activity state in the

corresponding operation mode of each component,

and the

activity level descends in this order; A, I and D.

It should be readily understood in Figs. 3 and 4 that each
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along the radial direction of said disk; a notor drive r’I‘stSlﬁeetrHaelBeeni ced
said spindle and slider notors; a.processor neans.for: E mm m "I;mm'
out put of sai:d head; a notor drive controller neans fo

motor drive means; a central processing nmeans-for contr i ng

operation of said expansion device, characterized in that the nethod

conpri ses oIBM e}ONFIDENTIRLto Stop the output of said head aFRPI4EL6
operation of said notor drive controller neans, while not to stop at |east

one oper at i eompsinardi dwithén diriree r&@anbeanldesalmbmntﬂ-nabtpw@ce%%l dlereans,
and standby to stop the operation of said notor drive nmeans, while not to

stop operation mode moves downward. It should also be apparent
to those skilled in the art that the more drive 50 becomes
inactive, the more power reduction is achieved. In other
words, as the operation mode changes from active to idle,
standby, sleep and suspend, drive 50 goes deep into sleep.

Each operation mode will now be described.

C.1l. Active mode

Active mode is a state in which power (5V, 500mA, in this
embodiment) is normally supplied from the host and the drive
is currently executing a self test or host command, or the

host- command can be immediately executed.:
C.2. Idle mode

In idle mode, spindle motor 5 is rotating, but the laser
output of pick up head 1 will stop. This causes output to
RF amplifier 2 to be cut off, Then servo control, i.e.
position control for pick up head 1, on slider motor 6 and

the two-axis device is -substantially interrupted. The
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is possible to acconplish a great anount

IBM CONFIDENTIAL ) JAS94016

effect of power save on laser output and servo control is a

decrease of power consumption to 300mA.

When a host command is issued in this mode, the active mode
can be entered with only a time delay necessary for

restarting servo control.

C.3. Standby mode

In standby mode, the rotation of spindle motor § will also
stop, i.e. motor drive circuit 4 and spindle motor 5 become
more Inactive. This results in decrease in power

consumption to 100mA.

When a host command is issued in this mode, the time
required for spin-up of spindle motor 5 and restarting servo
control allows returning to the active mode. In active,
idle and standby modes, drive 50 is in a state in which it

can service the host command immediately.

-C.4ﬁisléep.mdde
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_ | east the operation of said central processing neans; aﬂ‘dlsSheetHasBeenRe laed
sleep to stop the operation of said central processing
According .to the present invention Wwith respect to the four I'”
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of power save whil e power is.cbntinuously supplied, by esséh

‘interrupting the operation of each unit within ' the expansio
addition, it is also possible to acconplish a great anount

even when the conputer systemis supplying power to this ex
The for egoilijt REPENT B} ect s, features and advant ages of

]

4

iﬂﬁr rmgi]“
with only the expansion device, w thout the conputer systembeling a
pa

LT

aced

war e,

evi ce.
ntion

will be apparent fromthe follow ng nore particular defgfggtkgglgfi%he

preferred(ﬁﬁﬁﬁﬁ#ﬁ%ﬂs%?ePh@°de is a state where clock

halted and all mechanisms and electrical circuits of drive

50 are in a complete halt state (Disabled). In this mode,

power is still supplied from the host, but its consumption

is only of small leak current (10mA), thus leading to a

significant power saving.

When clock 14 of CPUl0 is halted, refreshing of memory will

be disabled. Therefore, if RAM15 provided in CPUl0 is

dynamic RAM, its contents are lost. This qmbodiment,

however, employs static RAM as RAM15, which will retain its

contents only with the supply of the aforementioned leak

current even in the sleep mode.

Since halted of clock 14 causes interface circuit 9 to be in

a complete halt state (Disabled), the command issued by the

host will not be processed in this mode. Therefore,

the

host must issue a request using host control signal 19

instead of using a command. (Specifically, a request 1is

made for interrupt of CPUl0 to activate clock 14.

section 'E for details.)
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I nvention, as illustrated w t h the acconpanyi ng drawi ngs. ThnsSh&tmsQemi;III‘

of- the Preferred Enbodi ment = A preferred enbodi.nent -of the
i nvention will now be explained under the follow ng headin
m

19 A Oganization of a portable computer
IBM CONFIDENTIAL _ JA994016

One of the features of power saving which is achieved in
idle, standby and sleep modes is that power supply 13 itself
is not turned on or off to each electrical circuit within
drive 50, but power saving is obtained to the extent of’
approximately two percents of that in the active mode, i.e.:
500mA to 10mA, by éequentially forcing each control system_
into a substantial_halt state. In other words, it 1is noﬁl
necessary for the host or drive 50 to exercisg frequen£
control over power supply to each electrical circuit for

effecting these power save modes. .
C.5. Suspend mode

Suspend mode, if viewed from -the host, is to stop power
supply to almost all units except the.main memory after the
data required fof restarting a task has been saved in the
main memory. In suspend mode, therefore, the power supplied
to CD-ROM drive 50 will be OmA. In this sense, the suspend
mode, when viewed from the drive, is noF different from a
state of normal power off. In suspend mode, the contents of
 eachfregister and RAM'iS_wi%hin_interface circuit 9 of drive
50 are lost due to volatility.
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B.. Hardware organization of a CD-ROMdrive C. Qper ati on nnqﬁ ﬁm
CD-ROMdrive C.|. Active nbde C. 2. Idle nbde C. 3. Sta Ez l
to

Sleep node C. 5. Suspend nobde D. Procedure of transitio
operation nodes ‘of CD-ROMdrive D.1. Nornmal power on re

Processing at the host _
IBM CONFIDENTIAL _ JAS94016

One of the objectives of the present invention is that how
the behavior of drive 50 during transition to the suspend
mode, i.e. the state within drive 50, immediately before
powered down, is preserved, and which will be described in

detail in section D.

D. Procedure of transition to respective operation modes of

the CD-ROM drive

D.1. Normal power on reset (POR) .
Fig. 5 shows a flow daigram of normal power on procedure
(POR). The expansion device is illustrated as CD-ROM drive

50 pertinent to the present invention, as shown in Fig. 5.

When power is applied at the host (step 202), the host and

drive 50 performs the following processing in parallel.
D.1.1. Processing at the host
At the host, Power on Self Tést‘(POST) is performed at step

204, and the operating system (0S) is loaded to allow the
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D.1.2. Processing at the CD-ROM drive

“an internal

fromthe host D.4. Return from sleep node (wake-up) D.5.. Tr

active, idl

suspend node D.7. Recovery from suspend node (resume) E. Tinming diagram

timer of the drive D.3. Transition to sleep

e and standby to suspend' node D.6. Transition fr I

of the operEBMODONFIDENTIADNtrol and drive JA994016

computer system to be operative at step 206.

Then, a Device Driver is run at step 208. Typically, the
device driver to be used has been specified in the

"config.sys" file.

At decision block 210, a command is sent to the interface
circuit at the expansion device (including drive 50) to

determine whether connection has actually been established.

The expansion device which fails in connection 4s then

treated as being disconnected, as shown with a No branch of

decision block 210.

When, on the: other hand, this attempt has been successful,
a further command is sent to the expansion device to confirm
drive activity or specify parameters at step 212, as shown
with a Yes branch of decision block 210. Drive activity
refers to a state whether drive 50 is currently processing

a task (i.e. busy state) or not, and can be detected by the

© signal level of drive status signal SS1 (refer to previous

description and section E).” Parameters include audio (audio
output levels) and drive parameters (set time of the
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nmode " E. 2. Wake-up fromsleep node E. 3. Transition from

20 status signals E. 1. Transition fromactive, idle and atqgggmmﬁgmggﬁ

cti | woed
standby to suspend node E.4. Transition fromsleep to s spg\rlmm",ﬁl ll
' F. Application to nmagneto optical di

Resune from suspend node

IBM CONFIDENTIAL ' JAS994016

power-save timer) (see-éection D.2), rotation speed of the
spindle motor and data rate deséribed above. The device
driver, when specifyinglthese paramete;s, notify drive 50 of
each specified value, as shown with arrow 230 (such
notification is not made if drive 50 itself specifies

default values).
D.1.2. Processing at the CD-ROM drive

At CD-ROM drive 50, first, self diagnostic test ig pérformed
at step 214. The firmware for self test is stored in ROM16
of drive 50, as described above. If the self test fails,
steps 216, 218, 220 and 222 are skipped to end

initialization (step 224).

When, on the other hand, the self test has been successful,
step 216 is entered to determine if a disk has already been
inserted into the disk tray. 1If not, steps 218, 220 and 222

are skipped to end initialization (step 224).

If the disk has already'been inserted, step 218 is entered

to disable ejection of the disk for disk access
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A. Organi zation of a portable conputer systen1' -Fig. 1isg.a I|f|ed

-partial block diagramillustrating the hardware organizati
conputer. 100 (or a diagramrequired for .describing the ope
managenent .at ‘an expansi on devi ce such-as CO-ROM drive). T
conput er system many ot her conponents (not shown) are actually reqU|red.
However, sugipmc ooperoenNsIare well  known to those skilled in tdre9ganl gand
not shown herein for '

(specifically, the eject function of the disk tray is

killed). ©Next, at step 220, the disk is accessed and an
attempt is made to read the TOC information. TIf the read
attempt fails, step 222 is skipped to end initialization

(step 224).

If read operation is successful, the fOC information is
recorded in RAM15 within drive 50 at step 222 to terminate
the process for initialization (step 224). The TOC
information being recorded is retained in RAM1S, urftil the
disk is replaced or power on reset (POR}). The TOC
information is used for illegal request error processing or
searching recording positions for which a disk access

request occurs (in case of music CDs).

When initialization is ended, disk eject is enabled at step

226.

When the processing described above ends at the host and
drive 5@_(step 228),.an?§ctiye state is gntered. Drive 50,
therefore, is théﬁ ih.gig%é%é that it can exe;ute a host
command immediately.
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the sake of sinmplicity of description In Fig. 1, main_CRU70Q |s

electrically connected with each wunit ‘within the systen1v a
. so that it controls _
. of the whol'e system 100. Sub CPU60. s provided to s

I n power managenment. Wthin
IBM CONFIDENTIAL . JA994016

D.2. Transition to sleep mode using an internal timer of the

drive

CD-ROM drive 50 pertinent to the invention can voluntarily
enter the sleep mode without receiving a request from the
host. Specifically, the internal timer (not shown in Fig.
2) of drive 50 monitors the elapsed time from the last disk
access, and drive 50, whenever a given period of time is
'exceeded, automatically enters the idle, standby or sleep
mode. Fig. 6 shows a procedure for transition tb sleep

using the internal timer.

Until a given period is elapsed from the last disk access,
the active mode is maintained by the loop formed of steps

302 and 304.

When a given period of time passes, laser output of pick up
head.l is stopped and servo control such as for slider motor
6 (step 306) is set to halt to enter the idle mode (step
308). Details~ of the{:idle mode has been described in

section C.2 above;
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the systemshown in Fig. 1, main CPU70, sub CPU60- and syst enmhisihs: 3R pediqi
‘be, considered to make .up a host . CD-ROM drive (hereinafte
referred to as drive) 50 is connected 'to nmain CPU70 through

|

'so that it can send to or receive conmands fromthe host. Dr'

connected with sub CPUSGO t hrough host Control Signal (hereinafter also

referred toras E5NriBeRmdatwo drive Status Signals (also caljhed483% and

SS2)

20.

The function of signals 19 and 20 will be later described.
During the time between the last disk access and the next

given period of time, the idle mode is maintained by the

loop formed of steps 308 and 310.

When the next given period of time passes, the rotation of
spindle motor 5 stops (step 312) and the standby mode is
entered (step 314). Refer to section C.3 above for details’

of this mode.

During the time between the last disk access and, tfe third
predetermined period of time, the standby mode is maintained

by the loop formed of steps 314 and 316.

When the fourth predetermined time passes, step 320 is taken
and clock 14 of CPUl0 is halted to enter the sleep mode.
Refer to section C.4 above for details of the sleep mode.
Since halted clock 14 causes interface circuit 9 to stop,
transition of drive 50 to the sleep mode becomes invisible
to the host. (In each mode from active to standby, the host
can recognize the mode of drive 50 by polling the status
register within'interf&ce;éiréuit 9. The 0S of the host,

therefore, can recognize the operation mode of drive 50, as
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Connected to system bus ‘80 are expan5|on devi ces such as F and HDD

At the host, when a speci fi ed event indicating that a t ask HaSBee"Re laced
conti nue, such as " LCD close”, "keyboard open”, and "_batt mntmtll

is detected, main CPU70 is interrupted to enter the'suspe

are two types of requests fromthe host to drive 50 for transition to the

suspend nogeM CONFIOBRTE®DE, a suspend request is raised undgas9s4016

described above.) Then, drive 50 no;ifies the host via
drive status signél SSZ éf entering the sleep mode before
the actual transition (step 318). For details of
notification using drive status signal SS2, refer to section

E.

Thus, CD-ROM drive 50 can achieve power save by itself going

deep into sleep without waiting a request from the host.

Each predetermined time period before transitipn *to each

mode (steps 304, 310 and 316) may be a previously specified

value before shipment or programmable by the user at the

execution of POST.
D.3. Transition to sleep mode upon request from the host

In contrast to D.2, the drive may change from the active,
idle or standby to sleep mode upon request by a host command
or host control signal 19. Fig. 7 shows a procedure of

transition to sleep by an instruction of the host.

The host uses its internal timer (not shown in Fig. 1) to
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22 control of PMcode (PMC) 71.. In this case, main CPU70 tegUestSpeen Replaced
suspend fromdrive 50 by using a command via system bus 8P.

type of transition request, a suspend request arises undef CH

APMB1l. In this case, sub CPU60 requests -suspend from CPULO S _

via host c r lgnal _19. (The transfer of a suspend request usin a

host contrcflﬁé]%ic‘t_;)éllflﬁs;i ¥¥IMe described later.) JA99401
monitor the elapsed time from the last drive access (steps
402 and 404). It determines the activity of drive 50 when
a predetermined time period passes from the last drive
access (step 406). This determination is made by Checking
the busy flag of interface circuit 9 or the signal level of
drive status signal .SSl, as described above. If the
activity is determined as a busy state, the host waits until
drive 50 becomes a ready state. When the ready state is
entered, the host sends a sleep request command to drive 50
via system bus 80 or requests sleep using hQ§tocontrol

signal 19 (step 408). For details of sleep request by host

control signal 19, refer to section E.

- Drive 50, upon receiving the sleep request from the host,
performs a procedure dependent on the current operation

mode.

Drive 50, when it enters the active mode, sets at step 412
the busy flag of interface circuit 9 and disables the
ejection of the disk, ire; séts a state in which other task
requeété.aré_hegated.. Né¥£i at step 414, drive 50 stops
servo control for the laser output of pick up head 1, slider
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(08).

PMC71 can be the one which is | oaded from system ROM (not
POR and can be the other which is incorporated in the opef
- What is inmportant in the present invention, howeverj
- operation of power nmanagenent itself by PMC or APMat the h

shown

suspend request is made by the host to drive 50 in a formof either

command or &M CONFIOFNFIAL

motor 6 and the like to enter the idle state before

proceeding to step 420.

When drive 50 is in the idle mode, it first at step 416 sets’

the busy flag and disables the ejection of the disk

(equivalent to step 412). Next at step 420 it stops

rotation of spindle motor 5 to enter a standby sFate. At
this time, drive 50 has completed preparation for ;fansition
to the sleep mode, and releases the busy flag which has been
set previously (step 422). Then, step 426 is enFered.

If drive 50 is already in the standby mode and if it has
gone to the standby mode with the érocedure of steps 410 to
422, drive 50 at step 426 first sends back an Acknowledge
signal of transition to the sleep mode through drive status
signal SS2 (equivalent to step 318). Next, drivg 50 stops
clock 14 of CPU1l0 to go to the sleep mode (step 428) and the

process is ended (step 430).
D.4. Return from sleep mode (wake-up)

Return from the sleep mode of drive 50 is called Wake-up.

52

i

B. - Har dwar e organi zation of. a GBIRA0NLdrive

a

l_
!
|



Fig. 2 is a detailed block diagramillustrating the har dwa, zatlon
of .CDOROM drive 50 shown.in Fig. 1. It should be understoo fctdfzs heen eh“”
foll ow ng description that the present B nventl on is inple ’"ﬂl’ H,
CD- ROM dri ve 50. _ 23 D|s

storage nediumis rotatable nounted onto

IBM CONFIDENTIAL JA994016

Fig. 8 shows a procedure for wake-up.

A request for wake-up of driveISO arises by the 0S at the
host requesting a task from drive 50 at step 5027 First,
the host determines whether drive 50 is actually in the
sleep mode at step 504. The operation mode of drive 50 can
be determined by referencing the étatus register within
interface circuit 9 in a mode sequence from active to
standby, as described abéve, but it cannot be determined by
interface circuit 9 during the sleep mode. Instead? if the
host has latched a notification of transition to sleep
(hereinafter called "sleep latch"; see section E) with drive
status signal SS2 (sﬁeps 318 and 426 described above), the

sleep mode is determined.

If drive 50 is in either the active, idle or standby mode,
a task can be processed immediately (refer to section C), so
that the 0OS sends a command at step 516 and terminates

processing at step 518.

On the other hand, durihg the sleep mode, almost all

components of drive 50 is in a halt state, in which a
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spi ndl e nDtor 5. Beneath the surface of disk 21 is Iocated.nnss K

‘Mbtor drive circuit 4 controls the rotation . of spindle noto e e ‘§d
track of disk 21 rotates at a constant l|inear velocity (CL I ]
to pick up head 1. ~ Pick up head 1 is used for read data ﬂ
output of laser to disk 21 and reception of reflected |ight, and S

nmount ed onthHICOBFImENmEA& which is nnvable in the radial da%dgiién of

di sk 21.

command cannot be processed immediately. Then the following
procedure is taken. First, the host interrupts CPUl0 of
drive S50 by using host_qontrol signal 19 and releases the
sleep latch at step 506 to activate clock 14 at step 508.
Next, drive 50 sets the busy flag at step 508 and disables
the ejection of the disk at step 510, to return to the mode
prior to sleep at step 512. That is, it returns to the
active mode if it was active, the idle mode if it was idle,
or the standby mode if it wés standgy. The operation mode
entered before transition to sleep has been stored® by the

status register within interface circuit 9.

When recovery is completed, the busy flag previously being
set is released and the host is notified that command
processing has become possible at step 514. Then, the 0S
issues a command at step 516 and terminates wake-up

processing at step 518.

D.5. Transition from active, idle and standby to suspend

mode

One of the features of the present invention is how drive 50
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.The output signal frompick up head 1 is input to servo C|rCU|t/d|g|taI
signal processing circuit 3 viia RF anplifier 2 for both po Jhig lmxd
of pick up head 1 and data processing. For position control,

systemwhich is nmade up of servo circuit 3 and notor drive cl

controls synchronous driving of spindle nmotor 5 and slider nDtor 6 based

on that out piBM GONRIDENTEBAabl e pick up head 1 to access di skI®243401j ck

up head 1 is supported by a two-axis device (not shown) which is capable
of precisiorfavis vihg) immedidtelly pohdr statki wheadithet ApSE. turnsointgat a

the suspend mode. This feature will be apparent in this

section and section D.6.

Fig. 9 shows a procedure for transition from the active,

idle or standby to the suspend mode.

At the host, when ‘a gpecified event is detected which
indicates a task cannot be continued, such as "LCD120 is
closed", *"keyboard 113 is opened" and "batte;y #1119 is
discharged to a given extent", an interrupt of CPU70 occurs
to enter the suspend mode at step 602. It should be
understood that details of processing for the suspend mode
is beyond the scope of the present invention and will not be

described herein.

Next, the host determines the status of drive 50, i.e. the
operation mode and activity of the drive at step 604. If
drive 50 is in the sleep mode, a procedure is takén to move
from sleep to the suspend mode via branch Q (see Fig. 10 and
sectiop D.6). .When drive 50 is in a busy state or
proéessihg othéf tgskﬂf-the host waits until the drive
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24 processing, the output signal is proceséed by digital S|gntmssmyt

circurt (DSP) 3. To send a processed digital signal to the h
digital/analog converter circuit (DAC) 7 converts the signal M’”,”m
anal og for output. For output -to a headphone, the signal is ou

DAC7 and audio anplifier circuit 8 Wen the signal is output as digital
data to the IRMtCONRIRENFIALrcuit 9 decodes the signal to JAS994016

becomes ready. If drive 50 becomes ready, the host send
suspend request to drive 50 in a form of host command or

host control signal 19 at step 606.

Drive 50, upon receiving from the host the suspend request,
performs a procedure dependent on the current operation

mode.

If drive 50 is in the active mode, it first at step 610 sets
the busy flag and disables the ejection of the d;ske Next,
at step 612, it stops the laser output of pick up head 1 and
motor servo control to enter the idle .state before

proceeding to step 618.

If drive 50 is in the idle mode, it first sets the busf flag
and disables the ejection of the disk at step 616. Next, at
step 618, it stops operations such as the rotation of
spindle motor 5 to enter the standby state before procee@ing

to step 624.

If drive 50 is already in the standby mode, it sets the busy
flag and disables the.ejeétion of the disk at step 622.
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send |t to systembus 80. The servo circuit and DSP are s (.'IWBSWeﬂhhsBeen laced
identical reference nuneral 3, and may be of the sane chip}or

chi ps. A tray (not shomm) for mechanically nmounting. dlsk 2

with loading notor 12 in a power-transferrable manner.

circuit 11 controls loading notor 12 in response to a si gnal from eJ ect

button 18 wiiBdh CONFIDENTIAL i ndi cate tray open or close oper atliA®946 6a

request from CPULO (or request fromthe host via CPUL0), thus allow ng
Drive 50, when it has completed respective operations of

steps 622 and 618, is in a state in which it could accept
the suspension of perr supply 13 from the host. However,
if power is suspended immediately after these steps, the
working data stored in RAM1S5 (e.g. TOC information, drive
and audio parameters) and the contents of each register
within interface circuit 9 will be lost, becausé of these
storage media is volatile. The problems encountered when
these contents are lost are as described in the Description
of the Prior Art above. Thus, in this emboa}ment, the
contents of RAM1S5 and each register are saved ih a non-
volatile semiconductor data saving device of flash memory 17
(step 624). In this manner, necessary data is preserved
before drive 50 releases the busy flag and notifies the host
that preparation for entering the suspend mode is completed

(step 626).

Next, the host, upon detecting the release of the busy flag,
suspends power supply 13 to drive 50 at step 628 and
terminates processing for transition to suspend for the

~ entire system (step 630).
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'replacenent of disk 21. CPU10 is a controller means for contr
~operation of each unit within CD-ROM dri ve 50. CPU10 |ncIu
for synchroni zi ng operations, ROML6, RAML5 and Electr|caIF
25 Erasabl e Programmabl e RONI(EEPFKI@ 17.
IBM CONFIDENTIAL ' JA994016

D.6. Transition from sleep to suspend mode

Fig. 10 shows a procedure for transition from the sleep to
suspend mode. That is, Fig. 10 illustrates a succeeding
procedure of branch Q when drive 50 has been determined to

be in the sleep mode at step 604 in Fig. 9.

In the sleep mode, each unit of drive 50 is in a halt state,
i.e. the state in_which operation cannot be done to save the
contents of RAM15 and each register within interfgce'éircuit
9. Therefore, the host interrupts CPUl0 of drive 50 by
using host control signal 19 at step 700 and activates clock
14 of CPU10 at step 702, to recover operation of each unit

within drive 50 (actually return to the standby mode).

Then, drive 50 sets the busy flag and disables the ejection
of the drive at step 704. At step 706, it saves the
contents of RAM15 and each register of interface circuit 9

in flash memory 17 (equivalent to step 624).

- Next, drive 50 releases the busy flag and notifies the host

of the completion of preparation for transition to suspend
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ROML6 is a read-only nmenory with its wite data deterninéa_#aﬁ?rﬁam

"~ manuf'acture and is used to store various types of. fi rrrwars;hisg'}{ga}a@lmakeﬁlaced j

firmvare to be stored is used for self- test perforned by drji
startup (POR), command processing for interpreting com*m'gads“ﬂ
host (also called host command), checking drive status such S

i n/out and &Eﬁyceﬁggbﬁh9§§L or mechani cal control for controlsaigg ot ke

drive mechani smsuch as tray eject. :
at step 708. In response to this notification, the host

suspends power supply 13 to drive 50 at step 710 and
terminates processing for transition to suspend for the

entire system at step 712.
D.7. Recovery from suspend mode (resume)

One of the effects of the preseht invention is that it is
possible to provide an environment in which drive 50 can
restart a task quickly and from precisely the same ﬁbint of
execution when the host enters a resume state. This effect

will be apparent in this section.

Fig. 11 shows a procedure for resuming from the suspend

mode.

In the suspend mode, the host, upon detecting a specified
event indicating the possibility of restarting a task, such
as "LCD is opened", "keyboard is closed", and "battery 119
is recharged“, an intérrupt:of main CPU70 occurs at step 802
to initiate resume operatioﬁ for restarting the task. As

part of this resume operation, power supply 13 to drive 50
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RAML5 is first data saving neans used by CPULO as working aréa and, as d
described in the Description of the Priof Art above, is ubigSh Replace
various information on the disk 21 being inserted (e.g. all [ m\“‘

information such as TOC, drive paraneters indicating data r

- paranmeters indicating audio output levels). - There are Dynam c RAM
(DRAM whi chhrpmegonrepenetreshi ng of stored data and Static RAN9IOSBAR)
whi ch does not require refreshing. . In this enbodinent, SRAMis preferred

(the reasonief wédyaimed | htbestatessoitbed fat ehould be understood that
details of processing for resume at the host is beyond the
scope of the present invention and will not be described

herein.

At the drive 50, power supply alone does not provide the
determination if it is for normal POR or resume. To allow
the determination, the host issues host control signal 19
which differs in waveform from that for resume (refer to
section E for details). At step 806, if a normal® POR is
determined, the procedure described in Fig. 5 and section
D.1 is performed via branch P. On the other hand, if the
decision is made that the power supply is for rgsume,

processing goes to the following step 808.

At step 808, drive 50 disables the ejection of the disk and

sets the busy flag to disable reception of a host command.

Next, at step 810, the data being saved in flash memory 17
is restored into each unit.  As described above, the .
information restored in this step include the TOC

information, audio and drive parameters, and values of each
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26 EEPROML7 is a wite-enable non-volatile sem conductor nenory and acts
as sécond data savi ng nmeans, details of which described bdh

' is\Sheet
“two types of EEPROM in one type, data can be erased only ﬁﬁnﬂiﬁ

~so-call ed
sector. Al

I

flash menory of another type, data can be fully e
't hough either type can be used as second data saving neans

relative t orBMeCONESBEMITIANENti on, the latter allows nore ef fAeBe0Ls

oper at i ons.

register within interface circuit 9. It should be noted
that data transfer becomes faster since the TOC information
is not read again from the disk, but restored from the
semiconductor memory. This point is considerably different
from normal POR (see step 220 in Fig. 5 and section D.1l).
It should also be noted that the task context is not
destroyed since the status at the time of task interruption,
including audio and drive parameters and register values, is
restored. Also this point differs considerably from that of
normal POR. (During POR, the device driver specifies a
given value or drive 50 itself sets a default value. See

steps 212 and 230 in Fig. 5 and section D.1.)

Next, drive 50 moves into the operation mode which was taken
at the time of entering the suspend mode (step 812). The
operation mode taken at the time of entering the suspend
mode has been recorded in the status register within
interface circuit. Since the contents of the status

register has been restored in earlier step 810, reference of

”gthem ensures return to the  same operation mode. In this

manner, all processing for fesume is completed (step 814).
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Interface circuit 9 is used to control the flow of data between the hostlaced
and drive 50 and includes a control. register, command regithisSheet ﬁﬁ eﬁ‘\

. register,

i ncl udes

(operation nodes of drive 50 will be described in section C
PITBYE MONFI DENTAR vity of drive 50 to the host. Themt4olsy

Flag for

error register - and data register. O these, the s
a field for retaining the current operation node o
an

drive 50 can be a Ready state in which a host cormand can be executed
i nredi at el E.orimiBgsygiagram of the operation of host control and drive

status signals

As described above, CD-ROM drive 50 pertinent to the present
invention may enter the other mode§ not with a host command
but with host control signal 19. In addition, the intention
of the host may communicate only with host control signal 19
because the halt of clock 14 of CPU10 inhibits reception of
the host command. It should be understood by those skilled
in the art that host control signal (CS) 19 &cts in
cooper;tion with drive status signals 20 (ssi and SS2).
This section will describe the relationship between each
signal line and the operation of dfive 50 with reference to
Figs. 12 to 16. In each timing diagram shown in Figs. 12 to
16, the first line denotes the signal level of host control
signal (CS) 19, the second line the signal level of drive
status signal SS1, the third line the signal level of drive
status signal SS2, the fourth line the voltage level of

supply power from the host and the fifth line the operation

mode of drive 50.

E.l1. Transition from active, idle and standby to sleep mode
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state in which no host conmand can be accepted due to proc
task.” The host OS5 can recogni ze the status * of drive 50 by

g : . . _ Srh%%h%i ﬁam laced

status register. Interface and decodlng circuits are shown

I dent i cal 27 reference_nu

may be configured with the sane chip or separate chips. '
IBM CONFIDENTIAL _ JA994016

Fig. 12 is a timing diagram of each signal when a sleep

request is issued by host control signal CS.

Host control signal CS is normally kept at a high level and
used to send a low level pulse wave (hereinafter called
pulse wave) as a hardware interrupt when an intention of the
host is communicated to CPUl10. That is, if the host wants
to lower the operation mode of drive 50 by a single level,
it sends a low level pulse wave only once to host control
signal CS to transfer its request. To further lower the
operation mode by one level, the host sends the pulse wave
once again within a specified time duration (Tl). To entex
a further.lower level of operation mode, the host sends the
pulse wave the third time within a specified time duration
(T1) after the last pulse wave. Therefore, host control
signal CS for requesting sleep is represented by three
consecutive pulse waves; as shown in Fig. 12(a), when drive
50 is in the active mode, by two consecutive pulse waves, as
shown in Fig. 12(b), in.the idle mode and by a single pulse
wave, as shown 'in Fig,?-lZ(c), in the standby mode,

respectively.
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As described above, communications between CPUL10O. of drive 50 and the host

- are perforned with commands send of received via interfaceThi ' en
also with host control signal 19 and drive status signal  20.
‘control signal 19 is a signal used by the host to conmuni-cat

i

intention to drive 50 and provided for two purposes in this enbodinent.
One is to.semd eoneIpEstrIAr.om the host for changing operatigonssgode.

Anot her

Drive 50, upon receiving such sleep request, takes a slight
time delay to start a predetermined procedure for transition
to the sleep mode.(see steps 410 to 420 in Fig. 7 and
section D.3). At this time, drive 50 sets the busy flag and
turns drive staﬁus signal SS1 into a low level. Drive
status signal SS1 is kept at a high level when drive 50 is
in a ready state, and goes to a low level when a busy state
is entered. Thus, when drive status signal SS1 is at a low

level, the host command or disk eject request is negated.

If successful in the procedure preparatory for transition to
the sleep mode, drive 50 sends a single pulse wave to drive
status signal SS2 to inform the host of Sleep-in. The host
remembers that drive 50 is in the sleep state by using the
rise edge of this pulse wave for latching, i.e. sleep latch,
as dgscribed above. After a slight time delay following the
sleep-in pulse wave, drive 50 releases the busy flag and
returns drive status signal SS1 to a high level to complete

transition to sleep.

During the operationiééries'of entering the sleep mode,
power supply 13 is kept at a voltage level of 5V.
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is to initiate hardware interrupt to CPULO while clock 14 is in




halted. As described in section C, CD-ROM drive 50 rel ati Th&@h BLese
i nvention can enter an operation node of . sl eep or suspen 'm&,ﬁ’m"

of CPULO is in a halt state.  Halted ¢l ock 14 causes inte
stop and accept no command, Therefore, interruption of
control signal 19 activates clock 14. Conversel vy, drlve status si gnal
I s a signal 1pMeCONFIDENTEALSO to connunlcate its intention toJAbesbost, and
consi sts
E.2. Wake-up from sleep mode

Fig. 13 is a timing diagram of each signal at wake~up from

sleep.

The host sends a single pulse wave to host control signal CS
to wake up drive 50 from sleep. The rising edge of this

pulse wave is used as an interrupts CPU1l0 of drive 50.

When CPU10 is interrupted, clock 14 is activated,to®allow a
predetermined preparatory procedure for wake-up to be
executed after a slight time delay (see steps 510 to 514 in
Fig. 8 and section D.4). At this.time, Arive 50 sets the
busy flag and turns drive status- signal SS1 dinto a low

level.

If successful in the éreparatory' procedure for wake-up,
drive 50 releases the busy flag and returns drive status
signal SS1 to a high level. Drive 50 itself enters the
operation mode which was present iﬁmediately before sleep,

to complete wake-up.
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28 two signal lines SS1 and SS2, as described above. SS1 indicates the

activity of drive 50 with a High or Low |level

enbodi nent
notify the
-standby to
W th power

of signal . ThisrShéenHas Been Rcﬁaced

a busy state causes SS1 to go to a |low level.)
host that drive 50 noves voluntarily fromactiv _

sl eep node (see section D.2). Though drive
IBMONCONEL DENTIARS : JAY94016

During the operation series of waking up from sleep, drive
status signal SS2 is kept at a high level and power supply

at a voltage level of 5V.

E.3. Transition from active, idle and standby to suspend

mode

Fig. 14 shows a timing diagram of each signal when a suspend
request is sent by host control signal CS.

Host control signal CS for requesting a suspend depends on
the current operation mode of drive 50. In the active mode,
as shown in Fig. 1l4(a), three consecutive pulse.waves with
an equivalent interval (Tl) are sent and after a
predetermined time duration (T2:T2>T1), a single pulse wave
follows. Similarly, in the idle mode, as shown in Figqg.
l4(b), two consecutive pulse waves with an equivalent
interval (Tl) are sent and after a predetermined time
duration (T2), a single pulse wave follows. In the standby

mode, as shown in Fig. 14(c),.a single pulse wave 1s sent

and after a predetermined time duration (T2), another single

pulse wave follows.

66

I

I's supplied

|



shown with an arrow of reference -nuneral 13, detailed pomer Eeﬂ&h

shown. It should be noted, however, that turning on orT

supply 13 is caused by nornmal power on (POR) or pdower off rd
al so dependent upon suspend/resune operati.on. Cpekatl

control signal 19, drive status signal 20 and power supply 13 wll be
descri bed peamdebaripENTS&Cti on E. JA994016

Drive 50 starts a given procedure for preparation (see steps
610 to 618 in Fig. 9‘and section D.5) within the specified
time duration (T2) after receiving the first chain of pulse
waves. At this time, drive 50 sets the busy flag and turns
drive status signal SS1 into a low level. Then drive 50
cannot determine if host control signal CS is a sleep or
suspend request. Thus, the preparatory sequence then
executed is not different from that for transition to sleep

(see section E.1).

Next, drive 50, upon receiving a pulse wave again which
follows the last pulse wave after a specified time duration
(T2), determines that this host control signal CS is for a
;uspend request. Drive 50 then starts to save the contents
of RAM15 and each register of interface circuit 9 in flash

memory 17 (see step 624 in Fig. 9 and section D.5).

If successful in saving data in flash memoxry 17, drive 50
releases the busy flag and returns drive status signal SS1
to a high level. At this time, drive 50 itself enters the

suspend mode.
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C. Operation nodes of the CD-ROM drive

present invention has.five operatlon nDdes Active, Idle,
and Suspend. 29 Fig. 3
shows each operation node and transitions between the

bet ween each nobde is

IBM CONFIDENTIAL _ JAS94016

Thereafter, the host confirms that the procedure for
entering suspend for the host  itself, other expansion
devices, and the like has been completed, to suspend power
supply 13. In response to this suspension of power supply,
the host control signal and drive status signals SSl and SS2

are also turned into a low level.
E.4. Transition from sleep to suspend mode

Fig. 15 is a timing diagram of each signal during.trdnsition

from sleep to suspend mode.

Drive 50, if in the sleep mode, must return from a temporary
halt state for processiné such as saving data in flash
memory 17. Then, the host sends a singlé pulse wave to host
control signal CS to interrupt CPU10 of drive 50. Next,
drive 50 executes a éiven.procedure for returning to the
standby mode, such as activating clock 14. At this time,
drive 50 sets the busy flag and turns drive status signal
SS1 into a low level. Details of these operations are thg
same as for w_ake-up:from-: "sleep to standby described in
section E.2.

68

CD-ROM drive 50 ﬁ%r§1éepﬂ£§t3 nORe



triggered by an internal timer of drive 50, a request by a
host control signal, application of power fromthe host f
normal application or suspension of power (POR) by the hostU

each transition is represented by an arrow indicating a tri m‘ﬂ“i" “I

procedure of transition to each operation node depends on its trigger and
wll be de b I n section D. The state of opgL n. of
each necha %@%éﬁh#{héxﬁfh%a circuit within drive 50 varies géﬁggn

operatlonlﬂg¥ ranH’to the standby mode, drive 50 releases the busy

flag and returns drive status signal SS1 to a high level.
Next, it performs a procedure for transition from the
standby to suspend mode. Details of the procedure are the

same as that for E.3.
E.5. Resume from suspend mode

Fig. 16 is a timing diagram of each signal during resume

»
*

from suspend mode.

During suspend mode, the host starts resume operation when
an interrupt factor occurs in main CPU70 at the host, and as

part of the operation, restarts power supply 13 to drive 50.

In response to the restart of power supply 13, drive status
signals SS1 and SS2 returns to a high level. Drive 50 first
performs reset processing such as returning pick up head 1

to its origin.

. Du;ingﬁpdrmal POR, host.control signal CS, as a drive status
signal, is set to a high level upon power-on. On the other
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their relationship is shown in Fig. 4. In the table shown Thﬂsﬁéegﬂ eenRe laced
col um headi ngs indicate conponent s .of dr|ve 50 (the nu

hHeadi ngs correspond to reference nurerals in Fig. 2), n’ge @m” II III
indi cate operation nodes. Characters A (Active), | (lnac

(Disabled) in each colum of the table denote the activity state in the
correspondiray eprFabearrRRde of each conponent, and the act prisgohevel
descends in this order; A | and D. It should be readily understood in
Figs. 3 andatdthadiuegfp resume from suspend, the host keeps host

control signal CS at a low level for a specified period of
time. Therefore, dtive 50 caﬁ determine that power supply
is for resume (or for POR).by confirming host control signal
CS of a low level (or high level) imﬁediately after reset
processing. Thus, the hogt asserts resume operation by

keeping host control signal CS at a low level.

Upon detecting resume, drive 50 performs recovery processing
such as restoring data from flash memory 17 .into each
component. Then drive 50 sets the busy flag and turns drive
status signal SS1 into a low level. During that time, any

host command or request of disk ejection is negated.

Upon completing recovery operation, drive 50 releases the
busy flag and returns drive status signal SS1 to a high
level to return to the operation mode entered immediately

before suspend.

Although this embodiment uses only a single drive status
signal SS1 to allow requests for transition to a number of
operation modes to be represented by varying the sigﬁal
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30 conponent within drive, Sﬁ,ingﬁgssBegrpﬁe

i

~inactive as the operation node noves downward. It shouldjfals
" to those skilled in the art that the nmore drive 50 becone IEM””MW
nore power reduction is achieved. - In other words, as the. op

changes fromactive to idle, standby, sleep and suspend, drive 50 goes

deep i nto gBMepONFEBENTOABrati on node wi Il now be described. ya9940156

waveform, the principles of the present invention are not
limited to this embodimentf For example, each transition to
the operation mode would.have its own signal line and any
request for transition'may be represented by a single pulse

wave.
F. Application to magneto optical disk

A preferred embodimen£ pertinent to the present invention
has been described which is limited to an expansion’device
of CD-ROM drive. However, magneto optical disks, which are
similar to CD-ROM drives in structure and effects, also have
problems which give rise to the present invention (This is
also indicated in the Description of the Prior Art above).
This section will briefly describe that the present
invention can also be practiced in magneto optical disk

drives.

Fig. 17 shows the hardware configuration of magneto optical
disk drive 51 in which the present invention is practiced.
Identical reference numbers indicate similar components to

those shown in Fig. 2. Magneto optical disk drive 51
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this

enbodi ment) is normally supplied fromthe host and
¢urrently executing a self test or host command, or the

C.1. Active node Active node is a state in which pomenﬁESV 500MA,
be i mredi ately execut ed. C.2. |dle node

IBM CONFIDENTIAL JA994016

differs from CD-ROM drive 50 in that drive 51 further
includes magnetic coil 25 for write opération to magneto
optical (MO) disk 26, drivé circuit 22 for driving magnetic
coil 25, analog/digital converter circuit (ADC) 24 for
converting analeog input into digital signals and encoder

circuit 23 for encoding signals.

It should be readily understood by those skilled in the art
that descriptions in sections A to E also apply to this

magneto optical disk drive 51. .

Although the present invention has been described with
reference to a specific embodiment, it should be apparent
that those skilled in the art could modify or alter the
present invention without departing the spirit of the
invention. That is, the present invention has been
disclosed by way of example, and should not be interpreted
as limitation. To understand the spirit and scope of the

present invention, appended claims should be considered.

In accordance with the present invention, it is possible to

provide an expansion device detachably installed into a
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In idl e node, spindle notor 5 is rotating, but the | aser
head 1 will stop. This causes output to RF anplifier 2 t&

el B eplaced
Then servo control, i.e. ~position control for pick up he u 'ﬁ Hm
notor 6 and .the two-axis device is substantially interru

ef fect of power save on |aser output and servo control is a

31

—————————
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computer system (host) and capable of quickly and exactly in
response to a series of operations for power management at

the host. Furthermore, it is possible to provide an

environment for a portable computer system wherein the

expansion device itself saves the information which is

required during resume operation and cannot be managed at

the host when the suspend mode is entered, thereby allowing
a task to be restarted quickly and from precisely the same

point of execution during resume.

7. Brief Description of the Drawings

Fig. 1 is an extracted part of hardware organization of a
computer system in which the present invention is practiced.
Fig. 2 is the hardware organization of a - CD-ROM drive in
which the present invention is practiced.

Fig. 3 is a schematic ;llustration which shows the operation
modes of a CD-ROM drive.

Fig. 4 is a schematic illustration which shows activities in
the CD-ROM drive in each operation mode.

Fig. 5 illustrates transition of the operation modes of
CD-ROM drive pertinent to an embodiment of the present

invention, and specifically is a flow diagram illustrating
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decrease of power consunption to 300nA. ‘When a host'm@mm&nﬂmmnml
in this node, the active nbde can be entered with only a
hecessary for restarting servo control. . ~ C 3. Standby
standby node, the rotation of spindle notor 5 will also
drive circuit 4 and spindle notor 5 becone

IBM CONFIDENTIAL JA994016

a processing procedure at normal power on (POR) by the host.
Fig. 6 illustrates transition of the operation modes of
CD-ROM drive pertinent to an embodiment of the present
invention, and specifically is a flow diagram illustrating
a processing procedure for transition to sleep by an
internal timer of drive.

Fig. 7 1illustrates transition of the operation modes of
CD-ROM drive pertinent to an embodiment of the present
invention, and specifically is a flow diagram illustrating
a processing procedure for transition to sleep' by an
instruction of the host.

Fig. 8 1illustrates transition of the operation modes of
CD-ROM drive pertinent to an embodiment of the present
invention, and specifically is a flow diagram illustrating
a processing procedure for wake-up from sleep.

Fig. 9 illustrates transition of the operatibn modes of
CD-ROM drive pertinent to an embodiment of the present
invention, and specifically is a flow diagram illustrating
a processing procedure for transition from active, idle or
standby to suspend mode.

Fig. 10 illustrates transition of the operation modes of
éD-ROM. drive pertinéﬁtﬁsto an embodiment of the present
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nmore |nactive. This results in decrease in pdme[ ConsSUODY & Qfcédd ¢

| OOMA. - When a host command is issued i.n this node, S ed

for spin-up of spindle notor 5 and restarting servo ' cont \ %ﬂ;ﬂﬂ :
, ve

returning to the . active node. I'n active, idle and stan
50 isin a state in which it can service the host comand i nmedi ately.
C. 4. Sl eegpEONFIDENTIAL | JA994016

invention, and specifi;ally is a flow diagram ilLustrating
a processing procedure for transition from sleep to suspend
mode.
Fig. 11 illustrates transition of the operation modes of
CD-ROM drive pertinent to an .embodiment of the present
invention, and specifically is a flow diagram illustrating
a processing procedure for resume from suépend mode.
Fig. 12 illustrates operation of host control and drive
status signals, and particularly is a timing.diagram of each
.
signal when a sleep request by the host control signal
causes transition from active, idle or standby to sleep
mode.
Fig. 13 illustrates operation of host control and drive
status signals, and particularly is a timing diagram of each
signal during wake-up from sleep.
Fig. 14 illustrates operation of host.control and drive
status signals, and particularly is a timing diagram of each
signal when a suspend request by the host control signal
causes transition from active, idle or standby to suspend
mode.

Fig. 15 illustrates operation of host control and drive

status signals, and particularly is a timing diagram of each
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state (Disabled). In this node, power is still supplie
its consunption is only of small |eak current (I0mA), t
signi ficant power saving.

IBM CONFIDENTIAL : ' _ JA994016

signal during transition from sleep to suspend mode.

Fig. 16 illustrates operation of host__control and drive
status signals, and particularly is a timing diagram of each
signal during resume from suspend mode.

Fig. 17 is the hardware éonfiguration of a magneto optical
disk drive for carrying out the present invention.

Fig. 18 is an isometric view of a portable computer, and
particularly illustrating a usable state with LCD opened.
Fig. 19 is an isometric view of the portable computer, and

particularly illustrating a state in which the case interior

is exposed with LCD and the keyboard opened.

. Abstract

ansion device detachably installed into a computer
system (h®§t) and capable of quickly and precisely in
response to a séxjes of operations for power management at
the host.
When a computer system én rs a power save mode such as
suspend to interrupt the power fdﬁgki expansion device, the
system will loose working data beihg g%ored in RAM as first
data saving means and the contents of reél ters within an

interface circuit which forms part of a interfage means.

76

32 Briefly, sleep node is a state where clock 14 of CPUlO in halted %ﬁd
mechani sns and el ectrical circuits of drive 50 arﬂilsﬁh?
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. Waen clock 14 of CPULO is halted, refreshlng of menory -will be dlsabled

Therefore, if RAML5 provided in CPULO is dynani ¢ RAM ThigSh m@ne
- lost. Thi s enbodi ment, however, enploys static RAM as '
retain its contents onIy with the supply of the aforenen

current eyen in the sl eep node. Since halted of clock 14 causes
interface bPlEotNE%DtE‘ilﬁ%ﬂ n a corrpl ete haI t state (Di sabl e@A9§m§omnd
i ssued by t

during transition from sleep to suspend mode.
\illustrates operation of host control and drive
status signadg, and particularly is a timing diagram of each
signal during resyme from suspend mode.

Fig. 17 is the hardQ e configuration of a magneto optical
the preeent invention.

disk drive for carrying o

Fig. 18 is an isometric viewspf a portable computer, and

particularly illustrating a usablesstate with LCD opened.

Fig. 19 is an isometric view of the poxtable computer, and

particularly illustrating a state in which the case interior

is exposed with LCD and the keyboard opened.

8. Abstract

An expansion device detachably installed into a computer
system (host) and capable of quickly and precisely in
response to a series of operations for power management at
the host.

When a computer system enters a power save mode such as
suspend to interrupt the power to the expansion device, the
system will loose working data being stored in RAM as first
data saving means and the contents of registers within an

interface circuit which forms part of a interface means.
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host will not be processed in this node.
request using host control signal 19 .instead of using a c
(Specifically, a request s nmade for "interrupt of CPULO t

Refer to section E for details.) '

14.

Therefore, the THShtet HikHeen Replaceda:

I

33 One of the features of power saving which is achieved in idle, standby
and sl eep magegons rorarragwer supply 13 itself JA994016

Thus, the context inforﬁathm1 of a task which has been
executed by the ekpaﬁsion device is lost. The expansion
device pertinent to the present invention has flash memory
as second data saving meaﬁs, which is non-volatile. This
flash memory can retain these context information even if
power supply is suspended. 1In accordance with a method for
controlling the expansion device pertinent to the present
invention, the status of the expansion device (including the
working data within RAM and the contents of registers within
.
the interface circuit) is saved in flash memory before the
computer system enters suspend mode. Furthermore, according
to the ﬁethod for controlling the expansion device pertinent
to the present invehtion, the contents of flash memory are

restored into each component of the computer system before

the system initiates resume operation.
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is not turned on or. off to each electrical circuit within drive 50, but

. power saving is obtained to the extent of approxi nmat el yrhisalee

JAtfiat in the active node, i.e. 50QUAS 034 6nD)6by sequentl ﬁ

control system into a substantial hahg/sVate I n ot her

necessary for the host or drive 50 to exercise frequent control over

power supply to each electrical circuit for effecting these power save
nodes. C. 5. Suspend node

1
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.o I~

/ .
10
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80 Y, CO-ROM drive
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Host control signal
" Sub CPU 20 19
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Drive status signal

Fig. 1



Suspend node, if viewed fromthe host, is to stop power suppl_y—i—&—m—ﬁﬁsf—""
all units except the main menmory after the data required for restartin

task has been saved in the main neddBy- S¥n-uUspend node, tThsiS Be aced
power supplied to CO-ROMdrive 50 will2pg70mA. In this sens

node, when viewed fromthe drive, is not different froma

power off. In suspend node, the contents of eath register and RAM 15

within interface circuit 9 of drive 50 are |lost due to volatility.
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L REPLACEMENT SHEET ' - 34  Onermd gy

“obj ectives of the present invention is that how the behavi ﬂqm
during transition to the suspend JARie, 94 =01fhe state V\Ath/’lﬂ
inmedi ately before powered down, is [@£3$&r ved,. and which

in detail in section D. - D. Procedure of transition to respective
oper ati on nodes of

LAYl ]

Z Active

é (S00mA)

é%&m&&w&§ wmwmwmmmmm%ﬁ
ZIR %
? % _4;
ZIN 2
N ;
N dl %
N dle f
% R At (300mA) ;
g E \ SN AW s ez M
£ /
7N Z
2 N N %
1N R Z
ZBN\ 4
KR Standby 7
AN R 100mA %
éf % ;\\:: \“\\\\ C\' ( ) AT e AP é
NN ¢
AN N R 4
ZEN \ § 7
N N N
ZINININ %
N NN 2
1N N R 2
IR .
4N N N Sleep 2
KRR \
AN NN (10mA) %
20BN § N m LR P72 2
NN NN Z 2
NN NN Z 2
ZIN N N N %
] N N \ N 7 b
"RNRRR /
é§ﬁ§§s&@&~ 4 g
RN Suspend C 4
://’, § N (0mA) é 2
g T EIEHESS 7 <

Power O+t

<:l Transition using the internal timer of CO-ROM drive

~4— Transition using the host command or host control signal

Power on by the host. followed by resume request by host control signal

o, - : Normal power on (POR) by the host or normal powered down

Fig. 3



the CD-ROM drive D.1. Normal power on reset (POR) F|g 5 shows a
fl ow dai gram of normal power on procedure . (POR). The ex"p”lamlmjmm

illustrated as CD-ROM drive 50 pedABnefd td@lthe present i !_
shown in Fig. 5.. - \Wen power is app4jdad at the host (s osf" '
and drive 50 perforns the follow ng processing in parallel.

Active AJlATATATALIATATATATALTA]LATA
(dle T ]JIJTJAJALTT|JIJTILJIALILATALIAILA

Stendby | T /T T ]I [T |1 |1 [T A|ala|a]a

Slees piojo|o|Dfo|ojD|O}JI DDA

Suspend |O OO DD ID|{D|DID|D}|D}JD}ID

Ac:Active ' Fig. 4
I:lnactive
D:Disabled

J(a)f HZ{

-

PP

AL .

€S| (5)s —
[ 1

-

—

(c)~

o Ml

§S! 5 7

ss2 - . l};

Power gy &
Supply
13 oy -

Drive (a)Activc
Status (o) Idle Busy Sleep
(c) Standby

Fig. 12



D.l1.l1. Processing at the host At the host, Power on Self Test—(ROST). is
.perforned . at step 204, and the op l{gtl ng s%stem(OS) |sTlhg§ge to all ow

O T

_ Power on
START
4
027
urn power on
Host T CO-ROM dr ive
Perform POST - 204 214
r v
Boot 0S r-205 K
216
'
Run DRIVER 208 218

Drive connected?

212
\

Check drive activity:
set parameters

Record TOC information in RAM

224

End initialization

226 Enable disk eject

Fig. 5



conputer systemto be operative at step 206. Then, a Device Driver is
run at step 208. Typically, the device driver to be usedhis®bechdasBeen Replaced | -
.specified in the "config.sys" fildAS— 9 —ddd sion bl ock 2 is \
sent to the interface circuit at the &xpahsi on device (inc 0) -
to determ ne whether connection has actually been establis . e
expansi on device which fails in connection is then treated as being

di sconnected, as shown with a No branch of

Transition to sleep (internal timer of drive)
{without an instruction (command or control signal)
from the host or an eject operation within the timeout of drive]

30 START

I

302

d

Active

30

%/b-
=z
o

Yes

306 - Stop laser and
motor servo control

308

l

ldie

310

~ No

0

Yes
312 Stop motor
314 :
Standby
316

%/
=
[+]

Yes

318 Send going to sleep
by status signal

|

Stop CPU clock

320

AL

- 322 END
Fig. 6



- ——

deci sion block 210.  Wen, on the other hand, this attenpt has been ;
successful, a further conmand is sent to the expansion '  C. ' ;
drive activity or specify paranetéa8-a84st@i6212, as sho%yé&g QR ot l
branch of decision block 210. Drive petiizvity refers t'ov‘q HIIH l i '
~drive 50 is currently processing a task (i.e. busy state) ' i an
‘be detected by the signal level of drive status signal SS1 (refer to
previous description and section E). Paraneters include audio (audio
output levels) and drive paraneters (set tinme of the

Transition to sleep (instruction from the host)
[with an instruction (command or control signal)
from the host within the timeout of drive)

—

Timeout?

408 {Request sleep by command
or contral signal

.-...-u.nu-o.....u-nu---_--‘.-l ------------- :p ............ Brwssrretetsesssentessasatentitestaiien
DRIVE e ¥ Ry
0 Active 416 ldie 4243 Standby
412\ 418\
Set busy flag: Set busy flag:
disable disk disable disk
eject eject
!
414 Stop laser and X
motor servo Stop motor }~ 420
control
{ t
422 {Release busy _|Return ACK by L‘JZB
flag status signal
1
7
428.

Stop CPU clock

!

Fig. 7



36 power-save tiner) (see section D. 2)

nmot or
t hese paraneters,
arrow 230 (such
defaul t val ues).

(Y YY)

HOST

502

506 «

DRIVE

508

510

512

5

and data rate described above. .
notify drive 50A8f— 9daci®i$pecified val
notification is notgpade if drive 50"|[

Wake-up from sleep

0" sTaRT )

XYY YRTY

9

The devi ce

0S requests task

rotation speed of_the sarndle

dr|ve

Thxs Sheet Has Been Reﬂ

L N R N Y R R Y RN sesasssenne teeencasseErINIER IR UL IIRIN IS

Check drive status.
Sleep?

Interrupt drive CPU
by host control signal:
release sleep latch

Activate CPU clock

!

Set busy flag:
disable disk eject

|

Recover before-sieep state

4.

{

Release busy flag

518

y /

Send command

]

Fig. 8



D.1.2. Processing at the CD-ROM drive
di agnostic test -is perforned
- stored in ROVL6
218,

When, on the other hand, the self test

steps 216,
(step 224).

of drive 50, as dé&r+idbd @bbve.

220 and 222.

Transition from active,

ar @/ $Ri pped

1 f
to e

idle and standby to suspend

Sfxe%{

sel f t%§¥$LE§,
i

)4

At CD-ROM drive 50, first;—self
~at step 214. The firnmq%

HOST
Occurrence of
802 . CPU interrupt factors:
- LCD closed
- KEYBOARD opened
- Battery discharged
604
Check drive status?
[ 4
806 | Request suspend by
command or control signal
.............. TR PRIRONS: OO ST U OISO
DRIVE Pl ¥ s
608 Active 614 ldle 620  Standby
6i6
1 - 622
610 Set busy flag: Set busy flag; “Iset busy flag:
disable disk disable disk disable disk
eject - eject eject
4 ]
624 1
S12. Stop laser ™} Save parameters
and motor Stop motor | ————— in non-valatile
serva control - merary
618 i)
12 Release busy
flag
HOST _
628 |  Suspend
power to drive
|

Fig. 9



step 216 Is entered to determne if a disk has alreadymgﬁgnhsbns
- steps 218, 220 and 222
| f JAE—094l- Q48 alread

the disk tray.
.initialization
218 is entered
37

I f not,
(step 224)

are sk

to disable ejection ofgpter disk for

Transition from sleep to suspend

llllllllllllllllllllllllllll P64 AUV IRIURUAEOaNEQPeCoitadisssoansess

HOST

700

\ﬁ

Interrupt drive CPU by
host control signal

sessessesne

DRIVE

‘.!'.l.‘l.'..|.|||.l.ll‘.lt.J

b 4

pe94vasesstsentdscsencing

102

Activate CPU clock

!

104 _

Set busy flag: disable disk eject

I

106

Store parameters in
non-volatile memory

4

108

Release busy ilag

R NN N NN RN RN

HOST

tet800dnartes

:

710

Suspend power to drive

712 -

r

END

ted |nto

, | s‘?%‘ﬂ“

Imrme—e

een

Fig. 10



L
"~ (specifically, the eject function of the disk tray is klnh@d%ﬂ}hgbéLRe

step 220, the disk is accessed and an attenpt is nade tjo r

~information. |If the read attenpgA8a+iQ —AEH 222 is sklp I
initialization (step 224). I f rgad- ggeration i s success
information is recorded in RAML5 within drive 50 at step 222 to tern1nate
the process for initialization (step 224). The TOC information
being recorded is retained in RAML5. until the disk is replaced or
power on reset (POR). The TOC

Recovery from suspend (resume)

Occurrence of
802 . CPU interrupt factors:
- LCD opened
- Keyboard closed
- Battery recharged

'

804

Supply power to drive

DRIVE

POR
Determine POR or RESUME by host

control signal

RESUME

808 4

Disable disk eject: set busy flag

’f

810

~§ Recover parameters at suspend
from non-volatile memory

y

Go 1o the state suspend was entered at

Fig. 11



information is used for illegal. request error processi-rg or

recording positions for which a disk access request ocquk§d§hm3 o
musi ¢ CDs) . When initializati gAgi-s 9endedti6 di sk ej ec™) ISt ep
226. -When the processing describgg ahgve ends at the 5

(step 228), an active state is entered. Drive 50, there ;7 1s then in a
state that it can execute a host command i medi ately.

CPY interrupt

Id . o / <
CS / U/
ss1 5 e
ss2 5 ;
Power gy & 3
Supply
i3 Sy
L Active/
D&;I:s Sieep Busy Idte/
Standby

Fig. 13



e

38 D.2. Transition to sleep node using an internal ti gafwkﬁe
CD-ROM drive 50 pertinent to the invention can vol untar Ieép
node without receiving a request JASm%he Otdst. Specifi (\%\ r nall

timer (not shown in Fig. 13/17

s
CTARRY
IRNORA
cs TfoTﬁ
ST
T T2
(C)/' L4
\ {1 .
. TZ:
SS 1 ’
$S? a

Power V5
Supply

13 ov
Deive [ajActive
tatus tbildie Busy Suspend
{c)Standby

Fig. 14



2) of drive 50 nonitors the elapsed time fromthe |ast diske ess, and o
drive 50, whenever a given period of tine is exceeded, ag g mﬁ"“’e" NIl
o
| S

enters the idle, standby or sleepASrod#4 —~6i§. 6 shows a.
transition to sleep using the internal itfner. Unti l

el apsed fromthe | ast disk access, the active node is maintained by the
| oop formed of steps 302 and 304. '

Sl it
S
X : T2 : :
SS1 d ‘ .
. L
$S2 5
':-'———-7'
Power 5V 5
Supply ; :
13 oy : "
Drive Sleep Busy Standby Busy Suspend
Status

Fig. 15



Wen a given period of tine passes, |aser -output of plck u
stopped and servo control such as for slider notor
. "halt to enter the idle nodé (steprS-308%.~ 0D6t ai |l s of th \ “em

described in section C. 2 above. 15/17
During the tine betmeen the last disk access and the:next

POR Resume
/ /
/ / ,
Fesrasanireesisnesataesiinnans
. :
cs ¢/ :
‘r_“_—?'
»
$S$| Sf—m—m—-—o ’
$82 5
Power s5v
Supply
13 ov £
‘ " Active/
2f'v° Suspend 'Busy‘ or|Recovery ldie/
tatus {(Reset) L Standby/
Sleep

Fig. 16



gi ven period of tine,

steps 308 and 310.

entered (step 314).
During the tinme between the |ast disk access and

t he standby node is naintained

period of tine,

the idle node is maintained by the- _Loop_forned—gf

When t he next 8|ven period of time, passes, the :
ep9312P1and the sta SMHaSMRmaced

rotation of spindle notor 5 st ops A& :
Refer to section Cl8,abpve for detail §. (mlll “m:'mﬂ
the thir

(72)

1 8
Spindle| |pick up s _ - . T
solitie] |DAC Audia Headphone
amolitier jack

motor head
Stider
motor
6
12 Motor
drive
circuit

3
12 T 3 '
~ o "

22 23
Il r 34
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's r
7
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— Decoder || _9
s Digital . , | .
ervo signal | circuit

circuit processing
cireui
ircuit Interface
Circuit System
bus g9

: Mot
L::;i;ng A dri\c:; r Host control
g r ~
circuit cPU 0 D Signal
Open -——.—_‘,_ rive status
Close Flash signal
memory {ROM | SRAM | { Clock 20
; | 13
18

Y J] T
P ] }
i 18 i3 14 Power
supply
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by, the | oop forned.qf, { . " urth predet-er M.NEA .
i me passes, step ‘32 !

: 3. A % 'S Ll ted to ente
the sl eep node. Refer to section GMEREAy§ g¥g detai’l s of ' :
Since halted clock 14 causes interfacet¥emit 9 to stop, m
drive 50 to the sleep nobde becones invisible to the host.

fromactive to standby, the host can recognize the node of drive
polling the status register within interface circuit 9. The OCS of the
host, therefore, can recognize the operation node of drive 50, as

123 100

Fig. 18

Fig. 19




40 ~ descri bed above.) Then, drive 50 notifies the host via drlve status
si;gnal SS2 of enterlng t he sleep node before the actual
‘(step  318). .For details of notification using
SS2, refer to section E. : :

. SPECIFICATION

1. Name of the Invention

AN EXPANSION DEVICE DETACHABLY INSTALLED INTO A COMPUTER
SYSTEM, A METHOD FOR CONTROLLING SUCH EXPANSION DEVICE, AND
A METHOD FOR CONTROLLING THE COMPUTER SYSTEM HAVING SUCH

EXPANSION DEVICE

2. Field of the Invention

The present invention relates to an -expansion device
detachably installed into a portable computer system,.such
as "notebook" type computer; a method for éontrolling such
expansioé device, and a method for contrelling a computer
system having such expansioh device, and more particularly
to an expanéion device for realizing power save, a method
for controlling such expansion device, and a method for

controlling a computer system having such expansion device.

Specifically, the present invention relates to an expansion
device which is capable of resuming a task quickly and
precisely from the same point-of execution when a computer

system turns power on again after suspending power supply to



Thus, CD-ROM drive 50 cah achi eve power save by itself going deep into
sl eep without waiting a request fromithe host. Eac , € Tev
period before transition to each node (steps 304, 310 REFLETEHENIP

previ ously specified value before shipnment or progra bl e by qmmpjem
the execution of POST. D. 3. Tran;ition_to sl eep nogéatpoen--requestfro
t he host T

T

its components for saving power, a method for controlling
such expansion device, and a method for controlling a

computer system having such expansion device.

3.Description of the Prior Art

Recent advancements in technologies has resulted in a

widespread use of portable or -"notebook“ type computers
" designed to have a small size and light weight for

portability.

An example of portable computer is shown in Fig. 18, in
which portable éomputer 100 has relatively thin body 110 and
cover 120, which .is coupled to body 110 so that cover 120

can be opened and closed.

Cover 120 has shallow case 121. At the bottom of case 121
a pair of.cyliﬁdrical protrusions 122 is formed integrally
with the case. With the pair of protrusions 122 rotatable
supported with respect to the body,'coverilzo is hinged on
‘body 110, allowing cover 120 to be opened or closed with
respect to body 110 with an axis of protrusions 122. In the

central portion of the open side, i.e. back side, of =he



In contrast to D.2, the drive may change fromthe active, _idle_or standby.

to sl eep node upon request by a host .command or host cod b ] QH%NTH%EET:
Fig. 7 shows a procedure of transition to sleep by an ins %J t1 on ﬁ i
host . The host uses its internal timer (not shown |niﬁd% "“m"m""y ___________

REPLACEMENT SHEET 3 41

cover, liquid crystal display or LCD123 is provided as a
display means of the personal computer (hereinafter the

cover is generically called LCD120).

Body 110 has a shallow case 111 to which suppo#t plate 112
of a given width is attached to cover the rear portion of
the upper opening of case 111. At the front portion 6f the
upper opening, keyboard 113 is placed as an input means.of
the personal computer. At the back edge of keyboard 113, a
pair of tongue protrusidns 114 is formed integfarly with
keyboard’113. With the pair of protfusions 114 supported
axially with the front.edge of supgort plate 112, keyboard
113 is hinged on plate 112. This allows keyboard 113 to be
- opened or closed with respect to case 111 with an axis of
protrusions 114, and the interior of case 111 is exposed
when keyboard 113.is'opened. Opening or closing of LCD120
with respect to body 110 and that of keyboard 113 with
respect to case 11l is accomplished by two-step éperation on
open/close éont.:c;ol 115 provided on a side of case ll;.
Since cloSing LCD120 or opening keyboard 113 will disable
computer 100, mechanical operations such as LCD close and

keyboard open are electrically converted into CPU interrupt



nonitor the elapsed tine fromthe [ast drive access (steps--402-and-—40d—-
It determines the activity of drive 50 when a predet er mjnggp{ AcEspaT SHIGET |

passes fromthe | ast drive access (step 406). This detefm natiqn Vg@gs
by checking the busy flag of interface circuit 9 or the ngt@aI %3 Bﬂ ‘

drive status signal SS1, as descrjibed above. | f Bty
determ ned as a busy state, the h ' until drive 50 becones a ready
state. Vpen the ready state is entered, the host sends a sleep request
command to via system bus 80 or requests sleep using host control

signal 19 (step 408). For details of sleep request by host

Fig. 19 shows the exposed interior of case 1lll with keyboard
113 being opehed. At near central portion of case 111,
partition 116 is provided to separate the front portion of
case 111 from its rear portion. Partition 116 maé be formed
of a thin metal plate by a bending process. In the rear
portion of case 111 which is enclosed by partition lis;
there is accommodated internal circuite (not shown) of the
personal computer including CPU, ROM, RAM and sysfem bus.
The largef space.in f;ont of partition 116 is provided to
accommodate expansion devices, suqh as floppy.disk drive
(FDD) pack 117 and hard disk dxive (HDD) pack 119 and
battery pack 118. Provided on a side of partition 116 are
connectors (not shown) which cemply with respective
standards for the internal circuits of portable computer 100

to electrically connect these packs with the circuits.

As a new concept for such portable computer 100, there has
been suggestéd that FDD pack 117 or HDD pack 118 be used
exchangeable with other detachable expansion devices. For

example, FDD pack 117 could be removed from the space in the



control signal 19, refer to section E. Drive 50, upon receiving_the _
sl eep request fromthe host, perforns a procedure depend{nL NeIg 1 e”gféhnn?

operation node. Drive 50, when it enters the active | “‘éis Bp
412 the busy flag of interface circuit 9 and disables th ,g eﬂ?l]n Qﬂgﬁfj
disk, i.e. sets a state in which other task requests arefnegated. " “Nexi =~
at step 414, drive 50 stops ___2___

front portion of case 1lll to substitute CD-ROM drive pack
50. The term CD-ROM (Compaét Disk Regd Oﬁly ﬁemory), as
used herein, is meant to be ah optical disk of aluminum
reflective film type, and particularly a storage medium ﬁsed
only for p;ayback which stores information by making use of
the fact that depressions on the surface of the disk cause
variation of the intensity of reflected light. Capable of
high;density recording, CD-ROM has been used to record.a
great quantity of informétion such as text daté and program
data, as well as audio and imagé data (including, pictures,
animation and cémputer,gréphics). By incorporating a CD-ROM
drive having such data plaYback function,- the portable
computer as a new medium (or multimedia) is expected to be

widely used in fields including education and entertainment.

One of the purposes for which_the portable computer is
déveloped is outdoor use in a portable manne?. Typically,
power supply is therefore not dependent on a constant AC
source, but on-a battery pack (particularly NiCd, NiMH or
LiIon rechargeable battery), as shown in Fig. 19. However,
the battery pack is limited to the type of small size, light

weight and short lifetime. Consequently, measures have been



sefrveo control for the |aser output of pick up head 1, sl ifges ;
42 nmotor 6 and the like to enter. the idle state |[pEESLACERENTEMEET]!:

to step 420. When drive 50 is in the idle node, it filfst atgs :
sets the busy flag and disables the e¢j ection of tﬁe*edlg?%\ﬁﬁgs h

6 -

ES————

taken in recent portable computers for Power Management or

Power Save.

One example of pbwer_ save is "Suspend”, which is to be
powered down to almost all portions except main memory for
power save when a predetermined state occurs in which an I/0
device activity has not been detected for a Certain'period'
of time or closin§ of an LCD (cover) is de;ected. Befoie
the suspend mode is entered, the datal necessary for
restarting a task, such as the hardware context infdrmation
including I/0 configuration and CPU status and the contents
of ﬁRAM, is saved in main memory. On the other hand, the
.operation for restarting power supply to exit from the
suspend mode for recovery is called "Resume”. In the resume
mode, the data éreviously saved in main memory is restored
to eaéh component to enable a task to 5e restarted from the
same point as that of powered down. This series of power
management operations is actually executed by a program such
as those which is called PM code (PMC) or Advanced PM (APM),

which is a trademark of Astek International.

One challenge encountered in developing a power management



(equivalent to step 412). Next at step 420 it stops rotation of
spindle motor 5 to enter a standby state. At this tine [fdrTve 50N

conpl eted preparation for transition to the sleep node, ﬁﬁ*#gpé ’§?§W%§T
busy flag whi ch has been ‘set previously (step 422). The SEG.FzAIZWUVS‘IQSS
ent er ed. If drive 50 is already in the standby node ah®% #t'-nag "gonel
to the standby node with the proceddre of steps 410 to 422, drive 50 at
step 426 first sends back an Acknowl edge signal of transition to the sleep
nmode t hr ouglectinigmest &$ ubowsiqamal a S§2skee vaksumetlo @tistklyl 8and Ndxom dri ve

50 stops

precisely the same point of execution as of interruption

upon recovery from the power save mode such as suspend.

As described above, the portable,computer'body (hereinafter
called hést) saves the system information which was present
immediately before suspend, such as the hardware context
information including register values of each chip and the
contents of VRAM, in main memory to preserve the "same point

of execution®" for the host.

For the expansion device, on the other hand, only
information_to be provided when thg host enters the suspend
mode is "power down". Ih other words, the host does not
consider the status of the expansion dévice; but consider
. only itself, that is, whether it has preserved the "same

point of execution" to effect powered down.

From a point of view, the expansion device can be divided
into the one which has no CPU, e.g. floppy disk drive or
FDD, and the other which has a build-in CPU, e.g. hard disc

or HDD and CD-ROM drive. Operation of the former type :.s



clrock 14 of CPUl10 to go to the sleep node (step 428) and the process is

ended (step 430). D. 4. Return from sl eep node (wake-pr————=Reter+—=roy
the sl eep node of drive 50 is called Wake-up ' REPLADEMENT SHEET |

. 27 NOV 1995

(321 T bbb

8

controlled by a controller circuit_provided within the host,
such as floppy disk controller or FDC. In such cases, the
host could preserve the sﬁatus of FDD immediately before
transition to suspend, i.e., the ;same point of execuiion",

by managing FDC.

However, the case is differeﬁt in the expansion device
“having a built-in CPU. This type of expansion device
includes ROM for storing various types of firmware and RAM
as working area of CPU. The host operating systerf or OS,
does not:directly control the expansion device, but only
issues an inﬁtruction in a form of cpmmand to the CPU of the
expansion device. The CPU of the expansion device
interprets the command from the host in accordance with the
firmware in ROM and performs actual tasks by using RAM as
working area. The host 0S is not required to directly
control all componeﬁts within. the éxpansion. device, and
typically has not_suchlfunétion. In these environments, if
the host references only the status of itself to be powered
down, operétion reéults, e.g. the contents of RAM, on the
expansion device will be lost (i.e., because the host has

nothing to do'against it!), and the lost contents of storage



43 Fig. 8 shows a procedure for wake-up. - A request for wake-up_ of
drive 50 arises by the OS5 at the host requesting a task| e driRy
_step 502. First, the host determ nes whether drive 50 %igg%aarFﬁ %%qﬁna

sl eep node at step 504. ~ The operation mode of drive 50 |can. bR 'lieﬁ/ﬂa‘ilﬁgﬁed
by referencing the status register wwthin interface cir |

_ 9 +--a-ppde—
sequence fromactive to standby.Z as described above, but it cannot be

determ nedcabr}/notl. r_?:;[eerzfeaccoeve(i-'er lé'vten9 i%uﬁbvggrt Qg SLSSPiQBngaLHSE;eéR’tHJ the

host.

From the descriptions above, those skilled in the -.art will
readily appreciate that conventional host computers cannot

restart a task from precisely the same point of execution.

Problems which arise when the status immediately before
transition to the suspend mode is lost at the expansion
device will now be briefly described with an gxahple of

CD-ROM drive.

The RAM at the CD-ROM drive haé recorded various information
on the disk being inserted. This information includes data
allocation informatioq such as Table of Contents or Tdc,
drive parameters indicating data rates, and audio parameters
indicating audio output levels. Among these, the TOC
information is necessary for séarching recording pésitions
during playback of the disk, and is retainéd when the disk
contents are read into RAM during its insertion until either
the disk is removed, or power on reset (POR) is done. Each

value of drive and audio parameters is dynamically updated



hest has latched a notification of transition to sleep £hereinafter

called

"sleep latch"; see section E) with drive status signal S82r(atepsnBifiespd
426 described above), the sleep node is determ ned. - If d@ Ye
the active, idle or standby node, a task can bellp®asessed. .

..........

I rmedi ately (refer to section C), so that the OS sends'=conmand-at—st
516 and term nates processing a 518.

during processing of commands from the host. However, if
power supply is suspended only for the convenience of the

host, such data in RAM will be lost.

Once these working data in RAM is.lost,'some diéadvantages
“are found during resume operation. Of these, the TOC
informatioh, as with ﬁormal Power On Reset (POR), must be
read.again from the disk. Howevér, the CD-ROM drive has.an
average access time ofl as long as 350 milliseconds,
requiring seconds or tens of seconds even far reading the
TOC infq;mation. (The compact disk usually manages
information for each session. The TOC is provided for every
session and recorded in the Lead-In at the beginning of each
session. The TOC has a size of 512 bytés per session. For
the disk which consists of multiple sessions, the time
required for reading bperation will be longer as the number
oﬁ TOCs increases.) The time duration from several seconds
to tens of seconds is too long for the user to wait, taking
a random look at the display. In such situations, the user
may have wrong or unfavorable impressions, like “the
computer is not good enough to use" or "the machine might

have gone trouble". 1In addition, drive and audio parameters




Or the ot her hand, during the sl eep node, alnost all ¢

50 is in

command cannot be processed i medi ately. Then the follo

t aken.
signal 1
step 508.

el 1

poferts—ot:

a halt state, in which a

First, the host interrupts CPULO of drive 50 b
9 and rel eases the sleep |f¥ch at step 506 to ac

. -

e

must be specified again, as with normal POR. In such case,

the context of the task is destroyed, e.g. the disk is

played back with a different audio level. This gives the

user a sense of incompatibility. Briefly, playback of the
.CD-ROM is not restarted from the same point of execution.
Similar problems might arise during‘ wake~up after
hibernation. (For details-of the hibernation technique for
computer systems, refer to Japanese patent application 5—

184186.)

With its high capacity, the CD-ROM, amoﬁg others, is often

used for providing long programs sucp as roll-playing game,
and the user is likely to close the LCD many times to stop
a game until the program ends. Thus the problem of the
resume mode, i.e. restarting a task quickly from the same

point of execution, becomes more severe.

Such problem during the resume mode, however, is.unlikely to
occur with the HDD since its averagé access time is as
relatively short as approximately lé milliseéonds. For the
magneto optical (MO) disk drive, the average access time is

as slightly longer as 32 milliseconds at most (for thick

NLO
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Next, drive 50 sets the busy flag at step 508 and di sabl gs—t-he—e]

the disk at step 510, to return to the node prior to slgpmzelASERRENT BHEET |

That is,
it was id
entered b

within interface circuit 9. Wh recovery is conpleted, the busy flag

Gt eco i thod T BRELET LB Syl 8" haf e i glebhet e

previ ousl
processin

it returns to the active node if it was active,]the i Iﬁ
le, or the standby node if it -was-standby. The |operal&Q

efore transition to sleep has been stored by the=status—regi-st-er—

|

further increases as the feed motor size is reduced.), the

problem of resuming being as severe as for the CD-ROM drive.

4 .Objectives
From the foregoing descriptions, it should be readily
apparent to those skilled in the art that there is required

information for restarting a task from the suspend mode at

the host, and similafly, that there is also required

information for restarting the task at 'the device,
especiall¥ at the one having its own CPU. Moreover, it
should also be apparent to those ski}led in the art that the
host cannot control all the information required by the
device for resuming. However, if no proviéion is available
for managing-these information at the expansion device, a
longe; period of time will be necessarf for restarting a

task and the context of the task will be lost.

It is therefore one object of the present invention to
provide an expansion device detachably installed into 2

comphter system (host) and capable of responding quickly an:



I ssues a conmmand at step 516 and term nates wake-up proc
518. D.5. Transition fromactive, idle and standby to
One of the features of the present invention is how drive

SUEPpAREMMTRHEET
50
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accurately to a series of operations for power management at

the host.

It is.another object of the present invention to provide an
environment for a portable computer system wherein the
expansién device itself saves the information which is
required dufing resume operation and cannot be managed at
the host when the suspend mo&e is entered, thereby allowiﬁg
a task to be restarted quickly and from precisely the same
point of execution dufing resume.

Ihe present invention conﬁemplates tbese.issues, and a first
aspect of the invention is an expansion device detachably
installed into a computer system, comprising; central
processing means for controlling the operation of said
expansion device; first data saving means, which is
volatile, for being used as working afea by:said central
processing means in. handling task; interface means for
communicating with said computer system; means for supplyiné
power to each element in said eipansion device; and second
data saving means, which is non-volatile and write-enable,

for saving the context information held by said interface



45 saves the imredi ately prior state when the host turns

-nmode. This feature will be apparent in this section and|seggsi orMEer SHEET
Fig. 9 shows a procedure for transition fromthe active, j{lidle o
to the suspend node. At the host, when a specified ev
whi ch 14 '
]

means and the data stored in said first data saving means in
response to the request from said computer system via said

interface means.

Viewed from a second aspect the present invention provides

a method for controlling an expansion device detachably
installed into 'é computer system, comprising; central
processing means for éontrolling' the operation of séid
expansion device; first data saviﬂg means, which is
volatile, for being used as working area by -said central
processing means in handling task; interface meéns for
communicating with.said computer system; means for supplying
power to each elément in said expansion device; and second
data saving means, which is ﬁon-volatile and write-enable,
for saving the context information held by said interfaﬁe
means and the data stored in said first data saving means,
characterized in that the method comprising the steps of
receiving é prior notification of powered down from said
computer system; saving in said second data saving means the
context information held by said interface means and the
data stored in said first data saving means in response to

said notification; and notifying said computer system of the



i ndi cates a task cannot be continued, such as "LCD120 is
"keyboard 113 is opened" and "battery 119 is discharged OPEpg} enENE

1.osed”

o

SHEET

extent", an interrupt of CPU70 occurs to enter the suspefjd node a i
602. It. should be understood that details of processi gmﬁor ............

mode is beyond the scope of the prggent invention and w H=get-be """
descri bed herein. Next, the hostsedeterm nes the status of dr|ve 50

i..e. the @@mpﬂgumbnnmﬂasaﬂﬁEﬁ&“ﬂﬂg)sgg the drive at step 604. [If drive

50 is in the sleep nobde, a procedure is taken to nove

Viewed from a third aspect the present invention-provides a
method for controlling an expansion device detachably
installed into a computer system, comprising; central
processing means for controlling the operation of said
expansion device; first data saving means, which is
volaﬁile, for being used as working area by said centfal
processing means in 'handling task; interface means for
communicating with said computer system; means for suﬁplying
power to gach element in said expansion device; and second
data saving means, which is non-volatile and wr}te-enable,
for saving the context information held by said iﬁterface
means and the data stored in said first data saving means;
characterized in that the method comprisés the steps of
receiving an instruction from said computer system when
power supply is restarted; restoring the data being saved by
said second data saving means té séid interface means and
said first data saving means in response to ' said
instruction; and notifying said computer systém of the

completion of said restoring step.



fromsleep to the suspend node via branch Q (see Fig. 10

= e e
When drive 50 is in a busy state- or proceSS|ng ot he hgﬁgA¢§MQwhqmmgT

waits until the drive becones
ready. |If drive 50 becones ready, the host send suspend rgg@e_sz__flg_gumlr%
50 in a formof host conmmand or host control S|gnal 19 at =66

: 16
The operation of the present invention will ncw be described

with respect to its first, secoﬁd and third aspects. When
the computer system enters a péwer save mode such as suspend
to intérrupt power supély td the expansion device, the
working data stored in RAM as first data saving means and
the contents 6f registers in an interface circuit which is
part of a interface means are lost. Thus; the context
information of a task which has been executed by ﬁhe
éxpansion device is lost. The expansion device pertiﬁent to
the present invention has flash memory as second dat2 saving
means, wg;ch is non-volatile. This.flash membry'cah retain
these context information even when power supply 1is
suspended. In the method for controlling the expansion
device pertihent to the iﬂvention; the status of the
expansidn device, e.g. working data in RAM and the contents
of régisters in the interface circuit, is saved in flash
memory before the computer system enters the suspend mode.
In accordance with the method fof-controlling the expansion
device feiative.to_ghe présent invention, the contents of
flash memory is restored to each unit of the computer system
before the system initiates resume operation. ' Therefore,

the expansion device is not required to reread the TOC



Drive 50, upon receiving fromthe host the suspend reque ,
‘procedure dependent on the current operation node. I geri A BONT SHEBT
the active node, it first at step 610 sets the busy flag and di

ej ection of the disk. Next, at step 612, it stops the | sgémoutzaf@}y%k
up head 1 and notor servo control to gnter the idle stat g
- proceeding to step 618. 1

information from the disk during *esume, and is given the

same context as that was present immediately prior to
suspend. Briefly, the expansion device can restart a task

quickly and from precisely the same point of execution.

A fourth aspect of the present invention is a method for
controlling an expansion device detachably iﬁstalled into a
computer system, comprising; a spindle motor for mountiné a
storage medium of disk to rotate said disk; a head for
accessing said disk; a slider motor for moving said héad
along the_radial direction of said disk; a motor drive means
for driving said spindle and slider motors; a processor
means for processing the outpﬁt of said head;_a motor drive
controller means for controliing said motor drive means; a
central processing means for controlling the operation of
said;éxpansion device,'chéracterized in that the method
comprises a step of idling to stdp the output of said head
and the.operation of said motor-drive controller means,
while not to stop at leasf one operation ofzsaid motor drive
means and said central processing means, and standby to stop
the operation of said motor drive means, while not to stco

at least the operation of said central processing means; an<z



|f drive 50 is in the idle node, it first sets the busy flag and disables

the ejection of the disk at step 616.. Next, at step 618, ([T]..SLODS,
operations such as the rotation of spindle notor 5 to en 3%§§ﬁgﬁggﬂq FET

state before proceeding to step 624. If drive 50 is _Lligad)g nNO¥ <995
standby node, it sets the busy flag apgl disables the eje On-orthedisk:
at step 622. e

sleep to stop the operation of said central processing

means.

According to the present invention with respect to ﬁﬁe
fourth aspect, it is possible to accomplish a great amount
of power save while power 1is continuously supplied, by
essentially interrupting the operation of-each unit within
the expansion device. In addition, it is also possible.to
accomplish a great amount of pdwer save with only the
expansion device, without the computer system being aware,
even whe§ the comﬁuter system is supplying power to this

expansion device.

- The foregoing and other 6bjects, features and advantages of
the invention will be apparent from the following more
particular description of the preferred embodiment of the

invention, as illustrated with the accompanying drawings.

5.Description of the Preferred Embodiment
A preferred embodiment of the present invention will now be

explained under the following headings:



Dri-ve 50, when it has conpl eted respective operations of 22 '

618, is in a state in which it could accept the suspensi o REPLASEMENTUBIEST
13 fromthe host. However, if power is suspended i medi afjely tf\rm\Pm
steps, the working data stored in RAML5 (e.g. TOC i nf or majjit&ne - Gri. V8. ...

audi o paraneters) and the.contents of ngh regi ster withim rnterface
circuit 9 wll be |ost, because of torage nedia is volatile. The

problens encoypaied SN of a portable computer system

B. Hardware org&nizétién of a CD-ROM drive

C. Operation modés_of the CD-ROM drive

C.1l. Active mode

C.2. Idle mode

C.3. Standby mode

C.4. Sleep mode

C.5. Suspend mode

D. Procedure of transition to_respectivé'operation modes of
CD-ROM drive

D.1l. Normal power on reset (POR)

D.1.1. Processing at the host ]

D.1.2. Processing at the CD-ROM drive

D.2. Transition to sleep mode using an internal timer of the
drive

D.3..Transition to sleep mode upon request from the host
D.4. Return from sleep mode (wake-up)

D;S. fransition from active, idle and-standby to suspend
mode

D.6. Transition from sleep to suspend mode

D.7. Recovery from suspend mode (resume)

E. Timing diagram of the operation of host control and drive



t hese contents are |lost are as described in the Descripti
Art above. Thus, in this enbodinent, the  contents of ||RASRAGEMENTSHEET

register are saved in a non- volatile seniconductor datafsaV|nq% !ﬂﬁpggs

flash menory 17 (step 624). In this manner, necessary dgtRates

before drive 50 rel eases the busy flagzgnd notifies the hoeS=—tHar———"=
preparation for entering the suspen s S conpleted (step 626).

Next, the Beatusup@gnd@kecting the rel ease of the busy flag,

E.1. Transition from active, ;dle and standby to sleep mode
E.2. Wake-up from sleeé mode

E.3. Tran#ition from active, idle and standby to suspend
mode

E.4. Transition from sleep to suspend mode

E.5. Resume from suspend mode

F. Application to magneto optical disk
A. Organization of a portable computer system

Fig. 1 is a siﬁplified éartial block diagram ;llustrating
the hardware organization of portablé-computer 100 (or a
diagram required for describing the operation of power
management at an expansion dévice such as CD-ROM drive). To
build a computer system, many other components (not shown)
are actually required. However, such components are well
known to those skilled in the art and not shown herein for

the sake of simplicity of description.

In Fig. 1, main CPU70 is electrically connected with each

unit within the system via system bus 80 so that it controls



suspends power supply 13 to drive 50 at step 628 and [FerFFRatres
processing for transition to suspend for the entire syd &PLSCEMEBTISHEET

48 D.6. Transition fromsleep to suspend node Fig. [LO sho a
. procedure for transition fromthe sleep to Date\f.lNOVlQﬁ
21
the operation of the whole system 100. Sub CPUS0 is

provided to support main CPU70 in power management. Within
the system shown in Fig. 1, main'CPU70, sub CPU60 and system

bus 80 should be considered to make up a host.

CD-ROM drive (hereinafter also referred to as drive) 50 is
connected to main_CPU?O through system bus 80 so that it can
send to or receive commands from the host. Drive 50 is aléo
connected with sub CPU60 through host Control Signal
(hereinafter also referred td as CS) 19 and two drive Status
Signals (élso called SS1 and SS2) 20. The fqnctioh of

signals 19 and 20 will be later described.

Connected to system bus 80 are expansion devices such as FDD

and HDD.

At the host, when a specified event indicating that a task
cannot continue, such as "LCD close", "keyboard oben", and
"battery discharged",'is detected, main CPU70 is interrupted
to enter the suspend mode. There are two ﬁypes of requests
from the host to drive 50 for‘transition to the suspend

mode. In one type, a suspend request is raised under



suspend node. That is, Fig. 10 illustrates a succeedin
branch Q when drive 50 has been determned to be in the:ﬁgyﬂgdmmkﬁﬁgﬁﬁgp
604 in Fig. 9. In the sleep node, each unit of drive}50 is in a halt 1
state, i.e. the state in which operation cannot be done tgyr,sa\/z'llﬂﬂv 1995
contents of RAML5 and each register within interface cir e

Therefore, the host interrupts CPUlQ_&TZ_d.Li ve 50 by usi ng host control

oo oSl 0 880 \i%ﬁ% drl ve 50 FE oS u%%y %mto

recover operatlon of each unrt urn tothe

st andby node).
requests suspend from drive 50 by using a command via system

bus 80. 1In another type of transition request, a suspend
request arises under control'of APMéL. In this case, sub
CPU60 requests suspend from CPUl0 in drive 50 wvia host
control signal 19. (The transfer of a suspend request using

a host control signal will be described later.)

PMC71 can be the one which is loaded from system ROM (not
shown) duringlPOR and can be the other which is incorporated
in the onerating system (OS). What is important in the
pfesént invention, however, is not the opération of power
management itself by PMC or APM at the host, but that a

suspend request is made by the host to drive 50 in a form of

either command or control signal.
B. Hardware organization of a CD-ROM drive

Fig. 2 is a detailed block diagram illustrating the hardware
organization of CD-ROM drive 50 shown in Fig. 1. It should
be understood by the following description that the presen:

invention is implemented by using CD-ROM drive 50.



Then, drive 50 sets the busy flag and di sables the ejecti
‘at step 704. At step 706, it saves the contents of Rf
register of interface circuit 9 in flash nenory 17 (equ
624) . Next, drive 50 rel eases the busy flag and noti

MEPINTEMBSN SHEET

e 12 ATV RS

the conpletion of preparation for trgﬂfition to suspend

Disk (CD) 21 as a storage medium is rotatable mounted onto
spindle motor 5. Beneath the surface of disk 21 is located
Pick Up Head 1. Motor drive circuit 4 controls the rotation
of spindle motor 5 so that the track of diskl21 rotates at
a constant linear velocity (CLV) with respect to pick up

head 1.

Pick up head 1 is used for read data using the output of
laser to disk 21 and reception of reflected light, and is
mounted onto slider motor 6 thch is movable in ther radial

direction of disk 21.

The output signal from pick up head 1 is input to servo
circuit/digital signal'processing circuit 3 via RF amplifier
2 for both position control of pick up héad 1 and data
pfocessing. For position control, a control system which is
made up of servo circuit 3 and motor drive circuit 4
controls synchronous driving of spindle motbr 5 and slider
motor 6 based on that output siénal to enable pick up head
1l to access disk 21. Pick up head 1 is supported by a
two-axis device (not shown) which is capable of precision

driving and focus and tracking-adjustable. For data



49" at step 708. In response to this notification, the host__suspends

power supply 13 to drive 50 at step 710 and term nates p| QGRS l¥SHEET
transition to suspend for the entire systemat step 712. i f%?ﬂ
I

from suspend node (resune) _ Dme

24

——————

processing, the output signal is processed by digital signal
processing circuit (DSP) 3. To send a processed digital
signal to the host, digital/analog converter circuit (DAC)
7 converts the signal into an.analog for output. For output
to a headphone, the signal is output.via DAC7 and audio
amplifier circuit 8. When the signal is output as digital
data to the host, decoder circuit 9 decodes the signal to
send it to system bus 80. The servo circuit and DSP'ére
shown with identical reference numeral 3, and may be of the
same chip or of separate chips.

A tray (not sho&g) for mechanically mounting disk 21 is
coupled with ioading motor 12 in é_ power-transferrable
manner. Motor drive circuit 11 controls loading motor 12 in
response to a signal ffom eject button 18 which is used to
indicate tray open or close operation or a request from
CPUl0 (or request from the host wvia CPU10), ;hus allowing

replacement of disk 21.

CPUl0 is a2 controller means for controlling the operation of
each unit within CD-ROM drive 50. CPUl0 includes clock 14

for synchronizing operations, ROM16, RAM15 and Electrically



One 'of the effects of the present invention is that it i
provide an environnment in which drive 50 can restart a [| &3CLGOESKENT SHEET
fromprecisely the sane point of execution when the hosf ent erg 731 @F

state. This effect wll be apparent in this section. Deitgy.... 2 1....StTowsMa
procedure for resum ng fromthe suspengl5 node. I n t he—stspend~Hotde %
host, upon detecting a specified :

Erasable Programmable ROM (EEPROM) 17.

ROM16 is a read-only memory with its write data determined
duringlmanufacture and is used to store various types of
firmware. The actual firmware to be stored is used for self
test performed by drive 50 during startup (POR), command
processing for interpreting commnads sent from the host
_(alsb called host command), checking drive status such.as
disk in/out and tray open/close, or mechanical control for

controlling the drive mechanism such as tréy ejegt.”

RAM1S5 is first data saving means u§ed by CPU10; as working
area and, as described in the Description of the Priof Art
above, is used to stofe various informétion on the disk 21
being inserted (e.g. allocation information such as TOC,
drivé parameters indicating data rates, audio parameters
indicating audio output levels). There are Dynamic RAM
(DRAM) which requires refreghing of sﬁored da;a and Static
RAM (SRAM) which does not require refreshing. In this
embodiment, SRAM is preferred (the reason of which will be

described later).




event indicating the possibility of restarting a task, s LT as _ O >
opened”, "keyboard is closed", and "battery 119 is recha‘@%ﬁmhcﬁwkNTSHEET
interrupt of main CPU70 occurs at step 802 to initiate rigsume opep NOWw
for restarting the task. As part of this resune operatijp ?P'moower S*UDUW

13 to drive 50 26 50 is regained at step
804. It should be understood that=—details of processing for resune at

the host igeh@M i's"8 write-enable non-volatile semiconductor memory
and acts as second data saving means, details of which
described below. There ére two types of ZEPROM: in one
typg, data can be erased only per bit, and in so-éalled
flash memory of another type, data can be fully erased by
sector. Although either type can be used as second ' data
saving means relative to the present invention, the latter

allows more efficient operations.

interface circuit 9 is used to control the lew vf data
between Fhe hbst and drive 50 and includes a control
register, command register, status register, error register
and data register. Of these, the status register includes
a field for retaining-the current operation mode of drive 50
(operation modes of drive 50 will be described in section C)
and a Busy Flag for presenting an Activity of drive 50 to
the hos;. The acﬁivitylof drive 50 can be a Ready state in
.which a host command can be executed immediateiy or a Busy
state in which no host command can be accepted due to
processing of a task. The host 0S can recognize the status
of drive 50 by polling this status register. Interface and

decoding circuits are shown in Fig. 2 with identical



scope of. the present invention and wll not be described
the drive 50, power supply al one does not provide the dd E&plnggwgnTEHEEﬁ
is for normal POR or resume. To allow the determination,| the host ﬁiﬁ
host control signal 19 which differs in waveformfromt tm&prZr §ﬂﬁé

(refer to section E for details) AIZ tep 806, if a noribal—POR—s=
determ ned, the procedure descrlbed-+ﬂ—z+g -5 and section D. I is perforned

vi a branChrePference hgm(t)\tegei ga,n n&fmég be configured with the same

chip or separate chips.

As described above, communications between CPULl0 of drive 50
and the host are performed with commands send or received
via interface circuit 9, and also with host control signal

19 and drive status signal 20.

Host control signal 19 is & signal ueed by the host to
communicate its intention to drive 50 and provided “for two
purposes_in this embodiment. One is to send a request from
the host fof changing operation mode. Ahother_ is to
initiate hardware interrupt to CPUl0 while clock 14 is in
halted. As described in section C,.CD-ROM drive 50 relative
to the present invention can enter an operation mode of
sleep or suspend where clock 14 of CPULO is in a halt state.
Halted clock 14 causes interface circuit 9 to stop and
accept no command. Therefore, interruption of CPU 10 by

host control signai 19 activates clock 14.

Conversely, drive status signal 20 is a signal used by dri-ve

50 to communicate its intention to the host, and consists <::



deci.sion is nmade that the power, supply is for resume, pt
the foll ow ng step 808. At step 808, drive 50 disable ﬁ?ﬂhﬁ%ﬁ%@N“ﬁHEﬂT
the disk and sets the busy flag to disable reception of ostéggngﬁg

Next, at step 810, the data being saved in flash nmenory 1§ pjs. réeg t OFEdNN |

into each unit. . As described above, the information tored
this step include the TOC |nforn§§|on audi o and drive paraneters, and

val ues Oftsgcglgnal lines SS1 and SS2, as described above. SS1

indicates the activity of drive 50 with a High or Low level
of signal. (In this embodiment, a.busy state causes SSl1 to
go to a low level.) SS2 is used to notify the host that’
drive 50 moves voluntarily from active) idle or standby to

sleep mode (see section D.2).

Though drive 50 is supplied with power from the host,-as
shown Qith an arrow of reference numeral 13, detailed power
lines are nét shown. It should be noted, however, that
turning on or off.this power supply 13 is causéd by normal
power on (POR) or power off at the post and also dependent

upon suspend/resume operation.

Operations of host control signal 19, drive status signal 20
and power supply 13 will be described in detail in section
E.

C. Operation modes of the CD-ROM drive

CD-ROM drive 50 pertinent to the present invention has five

operation modes: Active, Idle, Standby, Sleep and Suspend.



REPLACEMENT SHEET 51 regi T
interface circuit 9. It should be noted that data trahsEel-AEEMENISHEET
faster since the TOC information is not read again fromthe di gk KON 1835
restored fromthe sem conductor nenory. This point is ¢ ﬁkﬁﬂEPZEly """""""""
different fromnormal POR (see step in Fig. 5 and sectrom D. I). It
shoul d al so be noted that the task t is not destroyed since the

status at fhe.tige @fcHeddtildahahs UMA&QHs each operation mode -and

transitions between them. Transition between each mode is
triggered by an ipternai timer of drive 50, a request by a
host command or host control signal, application of power
from the host for <resume, or normal application or
-suspension.of power (POR) by the host. In Fig. 3, each
transition is represented by an arrow indicating a trigger.
The procedure of transition to each operation.mode depeﬁds

on its trigger and will be described in detail in section D.

'The.statg of operation of each n@chanism and electrical
circuit within drive 50 varies between operation mbdes, and
their relationship is shown in Fig. 4; In the table shown
in Fig. 4, column headings indiéate components of drive 50
(the numbers in column headings correspond to reference
numerals in Fig. 2), and row headings indicate operation
modes. Characters A (Active), I (Inactive) and D (Disabled)
in each column of the table denote the activity state in the
corresponding operation. mode of each component, and the

activity level descends in this order; A, I and D.

It should be readily understood in Figs. 3 and 4 that each



I ncl udi ng audi o and drive paranmeters and register val ue
Also this point differs considerably fromthat of = nor
POR, the device driver specifies a given value or driv
default value. See steps 212 and 230 in Fig. 5 and seqf pai@ LL.L.).coeeiicines
Next, drive 50 noves into the operation node which was t 4Fhe
of enterlng the suspend node (step 312&1_ The operation node taken at the

time of entL_, ggehge &llgpegpddrg?%g Q@fﬁ%e%gfﬁ[ﬁgnédgd &%,%g,étgtsus-gggl ster |

wi thin ace C|rcu € st at us

RBERNCEMERTISHEET
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operation mode moves downward. It shogld also be apparent
to those skilled in the'art that the more drive 50 becomes
inactive, the more power reduction is achieved. In other
words, a$ the operation mode changes from active to idle,
standby, sleep and suspend, dfive 50 goes deep into sleep.

Each operation mode will now be described.
C.1l. Active mode

Active mode is a state in which power (5V, 500mA, in this
embodiment) is normally supplied from the host apd the drive
is currently executing a self test or host command, or the

host command can be immediately executed.
C.2. Idle mode

In idle mode, spindle motor S is rotating, but the laser
output of pick.up head 1 will stop. This causes output to
RF amplifier 2 to be cut off. Then servo control, i.e.
position control for pick.up head 1, on slider motor 6 and

the two-axis device is -substantially interrupted. The



regi ster has been restored in earlier step 810, referenc
return to the sane operation node. in this nmanner, al
resune i s conpleted (step 814). .

Ti m ng di agram of the operation of host control and drive

‘ﬂt?bb@%;@ﬂ?&”ﬁr

processi ng for
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effect of power save on laser output and servo control is a

decrease of power consumption to 300mA.

When a host command is issued in this mode, the active mode
can be entered with only a time delay necessary for

restarting servo control.
C.3. Standby mode

In standby mode, the rotation of spindle motor 5 w2ll also
stop, i.e. motor drive circuit 4 and spindle motor 5 become
more Inactive. This results in decrease in power

consumption to 100mA.

When a host command is _issued in this mode, the time
required for spiﬁ-up of spindle motor 5 and restarting servo
contrél allows returning to the active mode. In gctive,
idle and standby modes, drive 50 is in a state in which it

can service the host command immediately.

C.4. Sleep mode

-St-gaals—rH/Wl



As descri bed above, CD-ROM drive 50 pertinent to the pj
enter the other nbdes not with a host conmand but w th

REBLAGMEND SHEF N
19. In addition, the intention of the host may communijcate o H
control signal 19 because the halt of clock.14 of CPUIODWﬁhrbrtswrecepb
of the host command. It should be understood by those SKilTTed 1n the art
that host control signal (CS) 19 acts3gn cooperation with drive status
signal s 2@:%%?“9%@55) mod&hiis £ ta¥e Whbrdestbicke uhaf etrdi®nshi p
bet ween eac stgnal Iine and the operation of drive 50 with reference to

Figs. 12 to 16. In each tim ng diagram shown in Figs. 12 to .
halted and all mechanisms” and electrical circuits of drive

n

50 are in a complete halt state (Disabled). 1In this mode,
power is still supplied from the host, but its consumption
is only of small leak current (l0mA), thus leading to a

significant power saving.

When clock 14 of CPUl0 is halted, refreshing of memory will
be disabled. The.ref.qre, if RAM15 provided in CPUL0 is
dynamic RAM, its contents. are lost. This embediment,
however, e@ploys static RAM as RAM15, which will retain its
contents only with the.supply of the aforementioned leak

current even in the sleep mode. ,

Since halted of clock 14 causes interface circuit 9 to be in
a compleﬁe halt state (Disabled), the command i#sued by the
host will not be processed in this mode. Therefore,.the
host must issue a request using host control signal 19
instead of using a command. (Specificaliy, a request is
made forlinterrupt of CPULO0 to activate clock 14. Refer to

section E for details.)
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16; the first line denotes the signal |evel of host contra___"_"n-__

19, the second |line the signal |evel of drive status suﬂzﬁgﬂﬁﬂbgmgnxngEﬂ
line the signal |level of drive status signal SS2, the folirth |i ﬁﬁv
voltage | evel of supply power fromthe host and the fifti-dﬁél ______________________ 13$§

operation node of drive 50. E. 1. Eran5|t|on from act bwer—i-dke-and
One of the features of power saving which is achieved in

standby to sl eep node

idle, standby and sleep modes is that power supply 13 itself
is not turned on or off to each electrical circuit within
drive 50, but power saving is obtained to the extent of
approximately two percents of that in the active mode, i.e.
500mA to 10ma, sy sequentially forcing each control system
into a substantial halt state. In othet words, it is not
necessary for the host or.drive S0 to exercise frequeht
contfél over power supply to each électrical circuit fo;

effecting these power save modes.
C.5. Suspend mode

Suspend mode, if viewed from the host, is to stop-power
.supply to almost all units except the main memory after the
daté tequired for-restarting a task has been ;aved in the
main Memory. In suspend mode, therefore, the power supplied
t§ CD-ROM drive 50 will be OmA. In this sense, the suspend
mode, wheﬁ viewed from the drive, is noF different from a
state of normal power off. 1In suspend mode, the contents of
each register and RAM 15 within interface circuit 9 of drive

50 are lost due to volatility.



‘di agram of each signal when a sleep -request is issued hy REMACEMENTESHEET
si gnal CS. Host control signal CSis normally kept at a high e
used to send a |l ow |l evel pulse wave (hereinafter called ﬁ@kse ﬁbﬂéﬁ

hardware interrupt when an intention Qf the host is con
That is, if the host wants to IoweL_gﬁe_operatlon node of drlve 50 by a

single IeSne of the objectives of the present invention is that how

REPLACEMENT SHEET 53 Fig -;——-u-—;“;m.__1

the behavior of drive 50 during transition to the suspend
mode, i.e. the state within drive 50, immediately before
powered down, is preserved, and which will be described in

detail in section D.

D. Procedure of transition to respective operation modes of

the CD-ROM drive

D.1. Normal power on reset (POR)

Fig. 5 shows a flow daigram of normal power on procedure
(POR). The expansion device is illustrated as CD-ROM drive

S50 pertinent to the present invention, as shown in Fig. S.

When power is applied at the host (step 202), the host and

drive 50 performs the following proceséing in parallel.
'D.1.1. Processing at the host

At the host, Power on Self Test (POST) is performed at step

204, and the operating system (0S) is loaded to allow the



It “sends a | ow | evel pul se wave only once to host contr
transfer its request. To further | ower the operation
t he host sends the pul se wave once again within a specijfied tlge7j@ng¥ksﬂ
(Tl). To enter a further |ower |evel of operation node,| the: ho

pul se wave the third tine wwthin a spe@5ied tine durati =tFH—atter—the-
| ast pul se wave. Therefore, host contror signal CS for requesting sleep

t ed thr t | Se h Fi 12
uhen'or | veooRguPdr; RYFRencED; B8 heHeathySl ah FERBAE v pul ce waves. ot

shown in Fig. 12(b), in the idle node and by a single pul se

LA ERTE T SHEET

Then, a Device Driver is run at step 208. Typically, the
device driver to be used has been specified in the

"config.sys" file.

At decision block 210, a command is sent to the interface
circﬁit at the expansion device (including drive 50) fo
determine whether connection has actually been éstablished.
The expansion device which fails in connection 4s then
treated as being disconnected, as shown with a No branch of

decision block 210.

When, on the other hand, this attempt has been successful,
.a further command is sent to the expansion device to confirm
drive activity or specify parameters at step 212, as shown
with a Yes branch of decision block 210. Drive activity
refers to a state whether drive 50 is currently processing
a task (i.e. busy state) or not, and can be detected by the
signal level of drive status signal SSl (refér to previous
description and section E). Parameters include audio (audio

output levels) and drive parameters (set time of the



wave, as shown in Fig. 12(c), in the standby node, respectively
54 Drive 50, upon receiving such sl-eep request, takes!agﬁb;ﬁagm ngﬁEET

delay to start a predeterm ned procedure for .transition{{to t
(see steps 410 to 420 in Fig. 7 and section D.3). At t% hu;@??gﬁﬁﬁé@@ﬂ,

sets the busy flag and
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power-save timer) (see section D.é), rotation speed of the
spindle motor and data rate described above. The device
driver, when specifying theée paramete;s, notify drive 50 of
each spgcified value, as shown with arrow 230 (such
" notification is not made if drive 50 itself specifies

default values).
D.1.2. Processing at the CD-ROM drive

At CD-ROM drive 50, first, self diagnostic test ig pérformed
at step 2;4. The firmware for self test is stored in ROM16
of Qrive_so, as described above. ;f ﬁhe self test fails,
steps 216, 218, 220 and 222. are skippgd to end

initialization (step 224).

When, on the other hand, the self test has been successful,
step 216 is entered to determine if a disk has already been
inserted into the disk tray. If not, steps 218, 220 and 222

are skipped to end initialization (step 224).

If the disk has already been inserted, step 218 is entered

to disable ejection of the disk for disk access



turns drive status signal SSI into a |ow | evel. Drive

. 1s kept at a high level when drive 50 is in a ready staf
| ow | evel when a busy state is entered. Thus, when dri\
SS1 is at a low level, the host command or disk eject rg
| f successful in the procedure prepara’ﬂgty for transitior
node , drive 50 sends a single pulse wave to drive status signal SS2 to
informth . af . Sl.eep-in. T st erset dgi 50.is i.n. the
sl eep st ate(egboy luéé'lcnaéﬁffe Lt?‘iesegiagg offurgﬁgrgg%ulq:fe \?\L’gl&e ?%}éﬁl a “c#ﬁ;nglfg i.e.

sl eep |l atch,
killed). Next, at step 220, the disk is accessed and an

attempt is made to read the TOC information. If the read
attempt fails, step 222 is skipped to end initialization

(step 224).

If read operation is successful, the TOC information is
reéorded in RAM15 within drive 50 at step 222 to terminéte
the p:ocess' for initialization (step 224). The TOC
information being recorded is retained in RAM15 urftil the
disk i#l_replaced or power on reset (POR). The TOC
information is used for illegal request error pfocessing or
searching recording positions for which a disk access

request occurs (in case of music CDs).

When initialization is ended, disk eject is enabled at step

226.

When the processing described above ends at the host and
drive 50 (step 228), an active state is entered. Drive 50,
therefore, is then in a state that it can execute a hos=:

command immediately;



as descri bed above. After a slight tine delay followng the._sleep-in pulse.
wave, drive 50 releases the busy flag and returns drive- tﬁépﬁhgﬁﬁgﬁ&sﬁﬁéT

to a high level to conplete transition to sleep. Dur ||ng t he thﬁ Agas
series of entering the sleep node, power supply 13 is keptpfs:a

| evel of 5V.

38

———

D.2. Transition to sleep mode using an internal timer of the

drive

CD-ROM drive 50 pertinent to the invention can voluntari;y
enter the sleep mode without receiving a request. from the
host. Specifically, the internal timer (not shown in Fig.
2) of drive 50 monitors the elabsed'time from the last disk
access, and drive 50, whenever a given period of time is
exceeded, automaticallf enters the idle, standby or sleep
mode. .Fig. 6 shows a procedure for_transitioq td sleep

using the internal timer.

Until a given period is elapsed from the last disk access,
the active mode is maintained by the loop formed of steps

302 and 304.

"When a given period of time passes, laser output of pick up
head 1 is stopped and servo control such as for slider motor
6 (step 306) islset to halt to enter the idle_mode_(step
308). Details of. the idle mode has been described in

section C.2 above.
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at wake-up from sl eep. The host sends a si ngl BEPUAGEMENT SHEST

si-gnal
host co
of this

Wake-up from sl eep node Fig. 13 is atimn

—

ntrol signal CS to wake up drive 50 from sleep)] The Qi?lﬂgvm
pul se wave is used as an interrupts CPULO of dffi R&e50: i,
' 39

During the time between the last disk access and the next
given period of time, the idle mode is maintained by the

loop formed of steps 308 and 310.

When the next given period of time passes, the rotation of
spindle motor 5 stops (step 312) and the standby mode is
entered (step 314). Refer to section C.3 above for details

of this mode.

During the time between the last disk access and tHe third
predetermined period of time, the standby mode is maintained

by the loop formed of steps 314 and 316.

When the fourth predetermined time passes, step 320 is taken
and clock 14 of CPUl0 is halted to enter thelsleep mode.
.Refer to section C.4 above for details of the sleep mode.
_Since halted clock 14 causes interface circuit 9 to stop,
transition of_drive 50 to the sleep mode becomes invisible
to the host. (In each mode from active to standby, the host
can recognize the mode of drive 50 by poiling the status
register within interface eircuit 9. The 0S of the HoSt,

therefore, can recognize.the'operation mode of drive 50, as



X
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When  CPULO is interrupted, clock 14 is activated to all op=a ie
preparatory procedure for wake-up to be executed after al RERINCAMENT SIOEEY
(see steps 510 to 514 in Fig. 8 and section D.4). At thjs tinme, drive 50
sets the busy flag and turns drive status signal SS1 ianmﬂenggmnquggsu
| f successful in the preparatory proceqﬂge for wake-up, B So=reheases—

the busy flag and returns drive status—signal SS1 to a high level. Drive
50 itself eterSH® above.) Then, drive 50 notifies the host via

drive status signal SS2 of entering the sleep mode before
the actual transition (step 318). For details of
notification using drive status signal SS2, refer to section

E.

Thus, CD-ROM drive 50 can achieve pbwer save by itself going

deep into sleep without waiting a request from the host.

Each predetermined time period before transitign *to each
mode (steps 304, 310 and 316) may be a previously specified
value before shipment or programmable by the ,user at the

execution of POST.

D.3. Transition to sleep mode upon request from the host
In contrast to D.2, the drive may change from the active,
idle or standby to sleep mode upon request by a host command
or host control signal 19. Fig. 7 shows a procedure of

transition to sleep by an instruction of the host.

The host uses its internal timer (not shown in Fig. 1) to



oper ati on node mhich.mas present inmmediately before sIee“T“'TU‘CGﬁFF€F€====
wake- up. : 56 During | HERAGEMENTSHEET
series of waking up fromsleep, drive status signal SS2ljis kepp AtNGY

| evel and power supply at a voltage |evel of 5V. Date ... 0. ...oen s
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monitor the elapsed time from the;last drive access (steps
102 and 404). It determines the activity of drive 50 when
a predetermined time period passes from the last drive
access (step 406). This.determination is made by checking-
the busy flag of interface circuit'9 or the signal level of
drive status signal SSl1, as desCfibed above. If the
activity is determined as a busy state, the host waits until
drive 50 becomes a ready state. When the ready state.is
entefed, the host sends a sleep request command to drive 50
via system bus 80 or requests sleep using host control
signal 19_(step 408). For details of sleep request by host

control signal 19, refer to section E.

Drive 50, upon receiving the sleep request from the host,
performs a procedure dependent on the current operation

mode.

Drive 50, when it enters the active mode, sets at step 412
the busy flag of interface circuit 9 and disables the
ejection of the disk, i.e; sets a state in which other task
requests are negated. Next, at step 414, drive 50 stops

servo control for the laser output of pick up head 1, slider



E:3. Transition from acti ve, i dl e and standby to suépend

C.|
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shows a timng diagram of each signal when a suspend reqd
host control signal CS. Host control signal CS for re uestiggm nd
depends on the current operation node of drive 50. In theDagti&el milevivwas

M _

shown in Fig. 14(a), three consecutiveé&2ul se waves W th GFegoy

i nt erval

(T1) are sent and after a
motor 6 and the like to enter the idle state before

proceeding to step 420.

When drive SO'is.in the idle mode, it first at step 416 sets
the busy flag and disables' the ejection of the disxk
(equivalent to step.'412). Next at step 420 it stops
rotation of spindle motor 5 to enter a standby state. At
this time, drive 50 has completed preparation for transitién
to the sleep mode, ahd réleases the busy flag which has been

set previously (step 422). Then, step 426 is entered.

If drive-SO is already in the.standby mode and if it has
gone t§ the standby mode with the é:ocedure of steps 410 to
422, drive 50 at step 426 first sends back an Acknowledge
signal of transition to the sieep mode through drive status
signal SS2 (equivalent to step 3;8). Next, drive 50 stops
clock 14 of CPUl0 to go to the sleep mode (step 428) and the

process is ended (step 430).
D.4. Return from sleep mode (wake-up)

Return from the sleep mode of drive 50 is calied Wake-up



predetermned tine duration (T2: T2>Tl), a single pul se mavb. fol | ows.
Simlarly, in the idle node, as shown in Fig. 14(b), two |CRBREA ﬁ”g T
waves With an equivalent interval (Tl) are sent and aftaef a§§5§6@ grﬁ?ﬁﬁa

time duration (T2), a single pulse wave follows. In the $tandby? TniNGY. .
shown in Fig. 14(c), a single pulse wave is sent and aft és—a-pres ernt-ned
time duration (T2), another single putXe wave follous. :

Fig. 8 shows a procedure for wake-up.

A request for wake-up of drive 50 ;rises by the 0S at the
host requesting a task from drive 30 at step 502. First,
the host determines whether drive 50 is actually in the
sleep mode at step 504. The operation mode of drive 50 can
be determined by referencing the status register within
interface circuit 9 in a mode sequence from active .to
standby,_as described above, but it cannot be determined by
interfgce circuit 9 during the sleep mode. Instead, if the
host has’ latched a notification of transition to sleep
(heréinaf;er called "sleep latch"; see section E) with drive
status signal SS2 (steps 318 and 426 described above), the

sleep mode is determined.

If drive 50 is in either the active, idle or standby mode,
a task can be procéssed immediately (refer to section C), so
that the 0OS sends a command at step 516 and terminates

processing at step 518.

On the other hand, during the sleep mode, almost all

components of drive 50 is in a halt state, in which a
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57 Drive 50 starts a given brocedure for preparation (see §feps  OIo 1O
618 in Fig. 9 and section D.5) within.-the specified tine dirBEPHCEMENT SHEET |
after receiving the first chain of pulse waves. At this tife, dri TSROV 1995
sets the busy flag and turns drive status signal SS1 into § ¢%ﬁﬁkg§e%rmunm«~;
Then drive 50 cannot determne if host, control signal CS is a sreep or ]
suspend request. Thus, the pr ary sequence then executed is

not d!fferéggmgﬂé”gégggtfég'p&%%gggghogmagdig %Ryu(sggegegﬁé(¥bfigging

procedure is taken. Fi:st,_the host interrupts CPULQO of
drive 50 by using host control signél 19 and releases the
sleep latch at step 506 to acti#ate clock 14 at step 508.
Next, drive 50 sets the busy flag at step 508 and disables
the ejection of the disk at step 510, to return to the mode
prior to sleep at step.512. That is, it returns to the
active mode if it was active, the idie mode if it was idie,
or the standby mode if it was standgy. The operation mode
entered before transitioﬁ to sleep has been stored by the
status register within interface circuit 9.

When recovery is completed, the busy flag previously being
‘set is released and the host is notified that command
processing has become possible at step 514. Then, the 0S
issues a command At step 516 and terminates wake-up

processing at step 518.

D.5. Transition from active, idle and standby to suspend

mode

One of the features of the present invention is how drive 50



Next, drive 50, upon receiving a pulse wave again which ows the |ast

pul se wave after a specified tine duration (T2), determ eﬁfﬁﬂyﬁgﬂgﬁﬁsngéf
control signal CSis for a suspend request. Drive 50 thejj starts to save
the contents of RAML5 and each register of interface cirfu )

menory 17 (see step 624 in Fig. 9 and ction D.5). I
saving data in flash nenory 17, dH\ungi_xeleases the busy flag and

returns drigygest 2hus ;3haaalacty dtdk Wdlitd Wfln Mo tRbscitaBnsdihyg 50

itself entérs the

the suspend mode. This Zeature will be apparent in this

section and section D.6.

Fig. 9 shows a procedure for transition £from the active,

idle or standby to the suspend.mode.

At the host, when'.a ;pecifiéd event is detected which
indicates a task cannot be conﬁinued;'such as "LCD120 is
closed”, “"keyboard 113 is opened” and “battery ‘119 is
discharggd to a given extent", an interrupt of CPU70 occurs
to enter the suspend mode at step 602; It. should be
understood that details of processiné for the suspend mode
is beyond the scope of the present invention and will not be

described herein.

Next, the host determ;nes the status of drive 50, i.e. the
operation mode and activity of the drive at step 504. If
drive 50 is in the sleep mode, a procedure is taken to move
from sleep to the suspend mode via branch Q (see Fig. 10 and
section D.6). Wwhen drive 50 is in a busy state or

processing other task, the host waits until the drive
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suspend node. : 58 Therepn
host confirms that the procedure for entering suspend

suspend power supply 13. In response to this suspension of

¥ TGL
T
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itself, other expansion devices, and the |i ke has been conpl et ed,

DoV

20000y, 1885,

the host control signal and drive statug signals SS1 and SS

e .

becomes ready. If drive 50 becomes ready, the host send
'suspend request to drive 50 in a form of host command or

host control signal 19 at step 606.

Drive 50, upon receiving from the host the suspend request,
performs a procedure dependent on the current operation

mode.

If drive 50 is in the active mode, it first at step 610 sets
the busy flag and disables the ejection of the disk: Next,
at step §}2, it stops the laser output of pick up head 1 and
motor servo control to enter the idle state  before

proceeding to step 618.

If drive 50 is in the.idle mode, it first sets the bﬁsy flag
and disables the ejection of the disk at step 616. Next, at
step 618, it stops operations such as the rqtation of
spindle motor 5 to enter the standby state before proceeding

to step 624.

If drive 50 is already in the standby mode, it sets the busy

flag and disables the ejection of the disk at step 622.



are also turned into a |l ow | evel . E.4. Transition from.s

node

sl eep to suspend node. Drive 50, if in the sleep nodg

a tenporary halt state for processing such as saving da

17. Then, the host sends a single pul sggmave to host -
<R ———— .

Fig. 15 is a timng diagramof each signal duri

Drive 50, when it has completed respective operations oi
steps 622 and 618, is in a state in which it ;ould accept
the suspension of power supply 13 from the host. However,
if power is suspended immediately after these steps, the
working data stored in RAM1S (e.g. TOC information, drive
and audio parameters) and the contents of each register
within interface circuit é will be lost, because of these
storage media is.volatile. The problems encountered wﬁen
these contents are lost are as Aescribed in the Description
of the Prior Aart above. Thus, in this embodiment, the
contents_pf RAM15 and each register are saved in a non-
_volatile semicpnductor data saving device of flash memory 17
(step 624). In this manner, necegsary data is preserved
before drive 50 releases the busy flag and notifies the host
that preparation for entering the suspe;d mode is completed

(step 626).

Next, the host, upon detecting the release of the busy flag,
suspends power supply 13 to drive 50 at step 628 and
-

terminates processing for transition to suspend for the

entire system (step 630).
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~control signal CS to interrupt CPU10 of drive 50. Next ,
executes a given procedure for returning to the standby
activating clock 14. At this tinme, drive 50 sets the bugy flag anmmﬁ
drive status signal SS1 into a low level. Details of th émuper i

the sane as for wake-up from sl eep t%SStandby descri bed

D.6. Transition from sleep to suspend mode

Fig. 10 shows a procedure for transition from the sleep to
suspend mode. That is, Fig. 10 illustrates a succeeding_
procedure of branch Q when drive 50 has been determined to

be in the sleep mode at step 604 in Fig. 9.

In the sleep mode, each unit of drive 50 is in a halt stafe,
i.e. the state in which operation cannot be done to save the
contents of RAM1S5 and each register within interface'circuit
9. Thergfore, the host interrupts CPU10 of drive 50 by
uSinglhost control signal 19 at step 700 and activates clock
14 of CPULl0 at step 702, to recover operation of each unit

within drive 50 (actually return to the standby mode).

Then, drive 50 sets the busy flag and disables the ejection
of the drive at step 704. At step 706, it saves the
‘contents of RAM15 and each register of interface circuit 9

ih flash memory 17 (equivalent to step 624).

Next, drive 50 releases the busy flag and notifies the host

of the completion of preparation for transition to suspend



59 \Returning to the standby node, drive 50 rel eases the hpsy—fag-and

returns drive status signal SS1 to a high level. Next, it B&PLQCE&E&TSHEET

procedure are the sane as that for E. 3. E. 5. Resune flf Dates

Fig. 16 is a timng diagramof each Si%ﬂfl during resune

-procedure for transition fromthe standby to suspend nodg, Detajl r&H h
RAR"
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at step 708. In response to this notification, the host
suspends power supply 13 to drive 50 at step 710 and
terminates processing for transition to suspend for the

entire system at step 712.
D.7. Recovery from suspend mode (resume)

One of the effects of the present ihvention-is that it is
possible to provide an environment ig which drive 50 can
restart a task quickly and from precisely the same §bint of
execution.when the host enters a resume state. This effect

will be apparent in this section.

Fig. 11 shows a procedure for resuming from the suspend

mode.

In'the suspend mode, the host, upon detecting a specified
event indicating the possibility of restarﬁing a task, such
as "LCD is opened”, "keyboard is closed”, and "battery 119
is recharged”, an interrupt:of'main CPU70 occurs at step 802
to initiate resume operation'for restarting the task. As

part of this resume operation, power supply 13 to drive 50



f rom suspend node. During suspend node, the host starts_resune
operation when an interrupt factor occurs in main CPU70 a ﬁ*ﬁ}A@gMENﬁgWEET
as part of the operation, restarts power supply 13 to dri

el 3 BNV ..

response to the restart of power supply 13, drive status
SS2 returns to a high level. Drive 50 Lrst perforns rese
as returning pick up head-1 to its Ll .

o

is regained at step 804. " It should be understood that

details of processing for resume at the host is beyond the
scope of the present invention and will not be described

herein.

At the drive 50, power supply alone does not provide the
determination ;f,it is for normal POR or resume. To allow
the determination, the host issues host control signal 19
which differs in waveform from that for resume (refer to
section E for details). At step 806, if a normal® POR is
determined, the procedure described in Fig. 5 and section
D.1 is performed via branch P. On the other hand, if the
decision is made that the power: supply is for resume,
processing goes to the following step 808.

At step 808, drive 50 disables-the ejection of the disk and

sets the busy flag to disable reception of a host command.

Next, at step 810, the data being saved in flash memory 17
is restored into each unit. As described above, the
information restored in this step include the TOC

information, audio and drive parameters, and values of each



During normal POR, host control signal CS, as a drive stat
set to a high | evel upon power-on. On-the other

60 hand, during resunme from suspend, the host keeps
signal CS at a low level for a specified period of tine.

REPLACEMENT SHEET

host ~9optNGN 1995

Hatet.ore;  « gri-ve... -

50 can determ ne that power supply 51
register within interface circuit 9. It should be noted

that data transfer becomes faster since the TOC information
is not read again from the disk, but restored from the
semiconductor memory. This point is considerably different
from normal POR (see step 220 in Fig. 5 and section D.l).
It. should also be notea that the taék context 1is not
destroyed since the status at the tiﬁe of task interruption,
including audio and drive parameters and register values,.is
regtored. Also this point differs considerably_from that of
normal POR. (During POR, the device driver specifies a
given va;pe or drive 50 itself sets é default value. See

steps 212 and 230 in Fig. 5 and section D.1.)

Next, drive 50 moves into the opération mode which was taken
at the time of entering the suspend mode (step 812). The
errétion mode téken at the.time of entering the suspend
mode has been recorded in the status register Qithin
interface circuit. Since the contents of the status
register has been restored in earlier step 810, reference of
them énsures return to the same operation mode. In this

‘manner, all processing for resume is completed (step 814).



is for resune (or for POR) by confirm ng host control sig
| evel (or high level) imedi ately after reset processing nﬂ%umcgmgﬂeshasT

asserts resune operation by keeping host control signal ghho&!b
!

Upon detecting resume, drive 50 performs recovery process ﬂgﬁeﬁ
s signal SS1 into a | ow Ieve

restoring data fromflash nmenory 17 IEEO each conponent.
sets the busy flag and turns drive
During that II‘.Lm.l.i'xg dYaqggr%tog otri:{mrfl:adpeozzra-...t.ocwesﬁt h(gstdlcsb%t%oﬁ.c n%ndlrivgegat ed.

status signals

As described above, CD-ROMIdrive 50 pertinent to the présent
- invention may enter the.other modes not with a host command
but with host control signal 19. 1In addition, the intention
of the host may communicate only with host control signal 19
because the halt of clock 14 of CPUL0 inhibits reéeption.of
the host command. It should be understood Ey those skilled
in the art that host cdntrol signal (CS) 19. dcts in
cooper;t;pn with drive status signals 20 (SS1 énd §S2).
This section will describe the re}ationship_between each
signal line and the operation of drive.SO with reference to
Figs. 12 to 16. In each timing diagram shown in Figs. 12 to
16, the first line denotes the signal level of host control
sign#l (CS) 19, the second line the signal level of drive
status signal SS1, the third line the signal level of drive
status signal SS2, the fourth line the voltage level of
supply power froﬁ the host and the fifth iine the operation

mode of drive 50.

E.1. Transition from active, idle and standby to sleep mcce



Upon conpl eting recovery operation,

returns drive status signal SS1 to a.high level to retur REBLAOEMEMmgﬂEgﬁ1

node entered i medi ately before suspend. Al t hough this enb& 2nﬁﬁt uses
n

drive 50 rel eases thegr=busy—flag-and.

only a single drive status signal SS1 to allow requests |f Datet:r.

a nunber

of operation nodes to be ree&fsented.by varyin

- Fig. 12 is a timing diagram of each signal when a sleep

request is issued by host control signal CS.

Host control sigﬁal CS is normally kept at a high level and
used to send a low level pulse wave (hereinafter called
pulse wave) as a hardware interrupt when an intention of the
host is communicated to CPU10. That is, if the host wants
to lower the opeﬁation mode of drive 50 by a single level,
it sends a low level pulse wave only once to host control

signal CS to transfer its request. To further lower the

'operation:mode by one level, the host sends the pulse'wave

~once again within a Specified time.duration (Tl). To enter

a further lower level of operation mode, the host sends the
pulse wave the third time within a specified time duration
(Tl) after the last pulse wave. Therefore, host control
signal cs for requesting sleep is represented by three
c§nsecutive pulée wa&es, as shown in Fig. l12(a), when drive
50 is in the active mode, by two consecutive pulsé waves, as
shown in Fig. 12(b), in the idle mode and by a single pulse
wave, as shown in Fig. 12(c), in the standby mode,

respectively.




61 waveform the principles of the present invention are not _linit
this enbodi ment. For exanple, each transition to the opergtd N@@MEMWEHEET
have its own signal |line and any request for transition %ﬁ%

by a single pulse wave. F. Appllcatlon to magnet o opt qﬁj
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Dfive 50, upon receiving such sleep re@uest, takes a slight
time delay to start a predeﬁermined procedure for transition
to the sleep mode (see steps 410 to 420 in Figq. 5 and
section D.3). At this time, drive 50 sets the bﬁsy flag and
turns drive status signal Sél into a low level. Drive
status signal SS1 is'kept at a high level when drive 50 is
in a ready state, and goes to a low level when a busy state
is entered. Thus, when drive statué signal SS1 is at a iow

levei, the host command or disk eject request is negated.

If successful in the procedure preparatory for transition to
the sleep mode, drive 50 sends a sing;e pulse wave to drive
status signal SS2 to inform the host of Sleep-in. The host
remembers that drive 50 is in the sleep state by using the
rise edge of this pulse wave for latching, i.e. sleep latch,
as.described_abové. Aftér a slight time delay following the
sleep~in pulse wave, drive 50 releases the bﬁsy flag and
returns drive status signal SS1 to a high level to complete

transition to sleep.

During the operation series of entering the sleep mode,

power supply 13 is kept at a voltage level of 5V.



1.

A preferred enbodi nent pertinent to the present invention [[FFas—FEer
described which is limted to an expansi on device of CD-$CN£E¥£Q@MENTSHEET
- However, nagneto optical disks, which are simlar to CO-ROM driv,

structure and effects, also have problens which give rise D@wthefgﬁégghﬁﬁs
invention (This is also indicated in the Description of tfrePrror At

above). This section wll briefly d e that the present invention can
al so be ract ced .in eto tical dISk drives.
P i éLke- rom é%gep mod

Fig. 13 is a timing diagram of each signal at wake-up from

sleep.

The host sends a single pulse wave to host control signal CS
to wake up drive 50 from sleep. The rising edge of this

pulse wave is used as an interrupts CPU10 of drive 50.

When CPUlQ0 is interrupted, clock 14 is activated~to’aliow a
predetermined preparatory procedure for wake-up to be
executed after a slight time delay (see steps 510 to 514 in
Fig. 8 and section D.4). At this. time, drive 50 sets the
busy.flag'and turns drive status- signal SS1 into a low

level.

If successful in the 'preparatory' procedure for wake-up,
drive 50 releases the busy flag and returns drive status
signal SS1 to a high level. Drive S50 itself enters the
operation mode which was present.immediately before sleep,

to complete wake-up.



Fig. 17 shows the hardware configuration of nmagneto opti cat——th=sk—thtve-51

I n which the present invention is practiced. I|dentical r¢gf ®@:&nacEREnNysSHEET
indicate simlar conmponents to those shown in Fig. 2. Vagnet&%g&i al ,
di sk drive 51 82 dit1dl Saterod. ONAENGGS.

drive 50 in that drive 51 further inc%%ges nagnetic coil

operation to magneto ——

During the operation series of waking up from sleep, drive
status signal SS2 is kept at a high level and power supply

at a voltage level of 5V.

E.3. Transition from active, idle and standby to suspend

mode

Fig. 14 shows a timing diagram of each signal when a suspend

request is sent by host control signal CS..

Host con;;ol signal CS for requesting a suspend depends on
the current opération mode of drive 50. In the active mode,
as shown in Fig. l14(a), three consecutive pulse waves with
an equivalent interval (Tl) are sent and after a
predetermined time duration (T2:T2>Tl), a single pulse wave

follows. Similarly, in the idle mode, as shown in Fig.

~14(b), two consecutive pulse waves with an equivalent

interval (T1) lare sent. and after a predetermined time
duration (T2), a single pulse wave follows. In the standby
mode, as.showﬁ in Fig. 14(c),.a single pulse wave is sent
and after a predetermiﬁed time duration (T2), another single

pulse wave follows.
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gptical (MO disk 26, drive circuit 22 for driving magneti g=—cort=25-— ==
anal og/digital converter circuit (ADC) 24 for converting AnBERIATINENT BHEBT

digital signals and encoder circuit 23 for encodi ng signalls. i@fﬁﬁg {
‘be readily-understood by those skilled in the art that de dmm@LLZ AL RS

sections Ato E also apply to this npgnet o optical disk dFv¥E5T

Al t hough the present invention has Lhakledescri bed with -
Drive 50 starts a given procedure for preparation (see steps
610 to 618 in Fig. 9 and section D.5) within the specifiea
time duration (T2) after receiving the first chéin of pulse
waves. At this time, drive 50 sets the busy flag and turns
drive status signal SS1 into a low level; .Then drive 50
cannot determine if host control signal CS is a sleep or
suspend request.. Thus, the preparatory sequence then

executed is not different from that for transition to sleep

(see section E.1).

Next, dri__ve 50, upon ieceiving a puls.e wave again which
follows the last pulse wave after a specified time duration
(T2), determines that this host coatrol signal CS is for a
sﬁspend fequest. Drive 50 then starts to save the contents
of RAM15 and eacﬁ register of interface circuit 9 in flash

memory 17 (see step 624 in Fig. 9 and section D.35).

If successful in saving data in flash memory 17, drive 5C
releases the busy flag and returns drive status signal SS!
to a high level. At this time, drive 50 itself enters th=

suspend mode.



reference to a specific enbodinent, it should be apparent ; ) = .
skilled in the art could nodify or alter the present inv@nREBRAGENENTISHEET

departing the spirit of the invention. That is, the {lpres ,
i nvention has been disclosed by way of exanple, and sh @@e%?MQVB% .....

interpreted as limtation. To under nd the spirit and
present invention, appended clains be consi der ed. I n accordance
with the present_invention, it is possiblet rovi de an expansi on devi ce
detachablgrh?ﬁﬁ%ﬁ$%fkirﬁQF Jiost é%n irms éhaé) eﬁe procedure é%r

entering suspend for the host itself, other expansion

devices, and the like has been completed, to suspend power
supply 13. In response to this suspension of power supply,
the host control signal and drive status signals SS1 and SS2

are also turned into a low level.
E.4. Transition from sleep to suspend mode

Fig. 15 is a timing diagram of each signal during.trdnsition

from sleep to suspend mode.

Drive 50, if in the sleep mbde, must return from a temporary
halt state for processing such as saving.data in flash
memory 17. Then, the host sends a single pulse wave to host
.control signal CS to-interrupt CPUl10 of dr;ve 50. Next,
drive 50 executes a givén procedure for retufning to the
standby mode, such as éctivating_clock 14. At this time,
drive 50 sets the busy flag and turﬁs drive status signal
SS1 into a low level. Details of these 6perations are thg
same as for wake-up from sléep to standby described in

section E.2.



63 conputer system (host) and capable of quickly and exac
to a series of operations f.or power nanagenment at the hosf
it is possible to provide an environnent for a portable c

o T

wherein the .expansion device itself saves the informati
required durlng resune operation and nnot be nanaged at the host mhen
t he suspend node is entered, thereb W ng

Returning to the standby mode, drive 50 releases the busy
flag and returns_dfive status signal SS1 to a high level.
Next, it performs- a procedure for transition from the
standby to suspend mode. Details of the procedure are the

same aé that for E.3.
E.5. Resume from suspend mode

Fig. 16 is a timing diagram of each signal during resume

from suspend mode.

During suspend mode, the host star*s resume operation when
an interrupt factor occurs in main CPU70 at the host, and as

part of the operation, restarts power supply 13 to drive 50.

In response to the restart of power supply 13, drive status
" signals SS1 and SS2 returns to a high level. Drive 50 first
performs reset processing such as returning pick up head 1

to its origin.

During normal POR, host control signal CS, as a drive status

signal, is set to a high level upon power-on.  On the other



a task to be restarted quickly and from precisely the sanme [fpormt -
execution during resune. 6. Brief Description of the Dr 'ﬁﬁﬁiAC% FNT SHEET
an extracted part of hardware organization of a conputer syst

the present invention is practiced. Fig. 2 is the hardware 'ﬁﬂ@ﬁ3$£i:‘

a CO-ROM drive in which the present invention is practiced. Fig. 3 1S a
schematic illustration which shows thezﬁbgration nodes of a CD-ROM dri ve.

Fig. 4is %a%%Pengtic il lustration which shows activities
14

uring resume from suspend, the host Qéeps host
control signal CS at a low level for alspecified period of
.time. Therefore, drive 30 can determine that power supply
is for resume (or fo; POR) by confirming.host control signal
CS of a low level (or high level) immediately after reset
processing. Thus, the host asserts resume operétion by

keeping host control signal CS at a low level.

Upon detecting resume, drive 50 performs recovery processing
such as restoring data from flash memory 17 into each
component. Then drive 50 sets the busy flég and turns drive
status signal SS1 into a low level. During that time, any

host command or request of disk ejection is negated.

Upon completing recovery operation, drive 50 releases the
busy flag and returns drive status signal SS1 to a high
level to return to the operation mode entered immediately

before suspend.

Although this embodiment uses only a single drive status
signal SS1 to allow requests for transition to a number of

operation modes to be represented by varying the signal




t.he CD-ROM drive in each operation node. Fig. 5 illustra

t he operation nodes of CD-ROMdrive pertinent to an enbo | RERUACHMENESH
present invention, and specifically-is a flow diagramillustratq V
64 a processing procedure at normal power on (POR) by thg Dwust. &g
illustrates transition of the operatigf nodes of !

P aad

EET

waveform, the principles of the present invention are not
limited to this embodiment. For example, each transition to
the operationlﬁode would have its own signal line and any
request for transition may be represented by a single pulse

wave.
F. Application to magneto optical disk

A preferred embodiment pertinent to the present invention
has been described which is limited to an expansdion device
of CD-ROM drive. However, magneto optical disks, which are
similar to CD-ROM drives in structure and effects, also have
problems which give rise to the present invention (This is
also indicated in the Description of the Prior Art above).
.This section will briefly describe that the present
invenﬁion can alsc be practiced in magneto optical  disk

drives.

Fig. 17 shows the hardware configuration of magneto optical
disk drive 51 in which the present invention is practiced.
Identical reference numbers indicate similar components to

those shown in Fig. 2. Magneto opticél disk drive 51



CD-ROM drive pertinent to an enbodi nent of the present

specifically is a flow diagramillustrating a processing proc ym bﬁ
transition to sleep by an internal timer of drive. Figll gakll e

NMEBILACRMERT SHEET

transition of the operation nodes of CD-ROMdrive perti liegt—t-0--an

enbodi nent of the present invention, Qﬂﬂ specifically is a flow di agram

illustrating a processing procedure Ze=transition to sleep by an

i nstruction D

nodes of

i eemorPTRANY dEHE Slbod et br e Spr Bleriureres °"
includes magnetic coil 25 for write operation to magneto
optical (MO) disk 26, dﬁive.circuit 22 for driving magnetic
coil 25, analog/digital converter c;rcuit (ADC) 24 for
converting analog input into digital signals and encoder

circuit 23 for encoding signals.

It should be readily-understood by those skilled in the art
that descriptions in sections A to E also apply to this

magneto optical disk drive 51.

Although the present invention has been described with
reference to a specific embodiment, it should be apparent
that those skilled in the art could modify or alter the

present invention without departing the spirit of the

invention. That is, the present invention has been

" disclosed by way of example, and should not be inferpreted

as limitation. To understand the spirit and scope of the

préesent invention, appended claims should be considered.

In accordance with the present invention, it is possible o

provide an expansion device detachably installed into 3



i nvention, and specifically is a flow diagramillustrati
.procedure for wake-up fromsleep. Fig. 9 illustrates tr
operation nodes of CD-ROMdrive pertinent to an enbodi

i nvention, and specifically is a flow diagramillustrati
procedure for transition fromactive, .jdle or standby to SuSpend node.
Fig. 10 illustrates transition of Lhéénperation nodes of CD-ROM drive
pertinent to an enbodi nent of the present

computer system (host) and capable of quickly and exactly in

response';o a series of ope;ations for power management at
the host. Furthermore, it is. possible to provide an
environment fof a portable computer system wherein the
expansion device itself saves the information .which is
required duriﬁg resume operation.and cannot be managed at
the host when the suspend mode is entered, thereby allowing
a task to be reétarted quickly and from precisely the same

point of execution during resume.

6.Brief Description of the Drawings

Fig. 1 is an extracted part of hardware organization of a
computer system in which the'presenﬁ invention is practiced.
Fig. 2 is the hardware organization of a CD-ROM drive in
which the present invention is éracticed.

Fig. 3 is a schematic illustration which shows the operation
modes of a CD-ROM drive.

Fig. 4 is a schematic illustration which shows activities in
the CD-ROM drive in each operation mode.

Fig. 5 illustrates trahsition of the operation modes of
CD-ROM drive pertinent to an embodiment of the present

in#ention, and specifically is a flow diagram illustrating




65 .invention, and specifically is a flow diagramill ust atln

processi ng procedure for transition fromsleep to suspen ‘ Tﬁ ﬁ’é;;
illustrates transition of the operation nodes of CD rlveibar DN el
“an enbodi nent of the present invention, and specificall a8 - ftowdia

il lustrating a processing procedure fgg resune fron1suspend node. .Fig. 12
illustrates operation of host ‘controFam drive ‘status signals, and

particul aral %Qo%e%stfnrg rb%o(ye%qfr%ma%f ea%gl power on (PCR) by the host.

Fig. 6 illustrates transition of the operation_modes of
CD-ROM drive pertinent to an embodiment of the present
invention, and specifically is a flow diagram illustrating
'a processing procedure for transition to éleep by an
internal timer.of.drive,

Fig. 7 illustrates_tranéition of the operation modes of
CD-ROM drive pertinent to. an embodiment of the present
invention, and specifically is a flow'diagram iliustrating
a processing procedure for transition to sleep by an
instructiqp of the host.

Fig. 8 illustrates transition of the operation modes of
CD-ROM drive pertinent to an embodiment of the present
invention, and specifically is a flow diagram illugtrating
a processing procedure fof wake-up frqm sleep.

Fig. 9 illustrates transition of the operatidn modes of
CD-ROM drive pertinent to an embodiment of the present
invention, and spécifically is a flow diagram illustra;ing
a.processing procedure for transition from active, idle or
standby to suspend mode.

Fig. 10 illustrates transition of the Qpefation modes of

CD-ROM drive pertinent to an embodiment of the-.present



si.gnal when a sl eep request by the host control signal ¢
fromactive, idle or standby to sleep. node. Fig. 13 ill éﬁﬁﬁhﬁﬁﬁmﬁﬁéwﬁﬁﬁﬁﬁ

of host control and drive status signals, and particul ajfl Jg ND
" diagram of each signal during wake-up fromsleep. Fig. $¢l tr-ates

operation of host control and drive azgﬁéus signals, and partrcutarty 1rs &
timng diagram of each signal when pend request by t he host control

"~ signal causes ran5|t| n fro cti |dIe st andb end .node.
g unven ion, nd spech%cafﬁy is éﬁow digg am 01113 trating

a proceséing procedute for transition from sleep to suspend
mode.

Fig.'ll illustrates transition of the operation modes of
CD-ROM drive pertinent to an embodiment of the present
invention, and specifically is a flow diagram illustrating
a processing procedure for resume from suspend mode.

Sig. 12 illustrates operatioﬁ of host control and drive
status signals, and particularly is a timing diagram of eéch
signal when a sleep request by the host control. signal
causes trgnsition froﬁ active, idle or standby to sléep
mode.

Fig. 13 illustrates operation of host control and drive
status signals, and particularly is a timing diagram of each
signal during wake-up from sleep.

Fig. 14 illustrates operation of host control and drive
status signals, and particularly is a timing diagram of each
signal when'a suspend request by the host control signal
causes transition from active, idle or standby to suspend
mode. |

Fig. 15 illustrafes operatiqn of host control and drive

status signals, and particularly is a timing diagram of each



Fig. 15 illustrates operation of host control and drive
and particularly is a timng diagram of each

66 signal during transition fromsleep to suspend nof
il lustrates operation of host control and drive
66

atus signal s,
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signal during transition from sleep to suspend mode.

Fig. 16 illustrates operation of host control

and drive

status signals, and particularly is a timing diagram of each

signal during resume from suspend mode.

Fig. 17 is the hardware configuration of a magneto optical

disk drive for carryihg out the present invention.

Fig. 18 is an isometric view of a portable computer, and

particularly illustrating a usable state with LCD opened.

Fig. 19 is an isometric view of the portable computer, and

particularly illustrating a state in which the case interior

is exposed with LCD and the keyboard opened.
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st'atus signals, and particularly is a timng diagrah1of epeh——si-gral—thing
resune from suspend node. Fig. 17 is the hardware confi girREFGTSMENT SHEET

magnet o optical disk drive for carrying out the present rnvention. 646§5
18 is an isonetric view of a portable conputer, and part th@tEyZnNﬂul“~."
illustrating-a usable state with LCD opened. Fig. 19 is &5 i i
of the portable conputer, and particularly illustrating a state in which
the case interior is exposed with LCD and the keyboard opened.
A
7. Claims
Claim 1

An expansion device detachably installed into a computer
- system, comprising; central processing means for controlling
the operation of said expansion device; first data saving
means, which is volatile, for being used as working area by
said central processing means in handling task; interface
means for communicating with said computer system; means for
supplying power to each element in said expansion device;
aﬁd second data saﬁing means, which is non-volatile and
write-enable, for saving the context information held by
said interface means and the data stored in said first data
saving means in response to the request from said computer

gsystem via said interface means.

Claim 2

An expansion device detachably installed into a computer
system, comprising; a spindle motor for mounting a storage
medium of disk to rotate said disk; a head for accessing
said disk; a slider motor for moving said head along the
radial direction of said disk; a motor drive means for
driving said spindle and ‘slider motors; a processor means
for processing the output of said head; a motor drive
controller means for controlling said motor drive means; 1

central processing means for controlling the operation of

R0 e



67 7. Clains Caiml An expansion device detachably Fstared=nte=a
conputer system conprising; central processing neans fq%'@%ﬁﬂﬁﬁhmjauﬁﬁaﬁﬁe

' ti f i d [ devi first dat
operation of said expansion device; first data saving m:f‘ate V\Ql?th?lags

vol atile, for being used as working area by

68

said expansion device; first data saving means, which is
volatile, for being used_as working area by said central
processing means in handling task; interface means for

_ commuhicating with said computer system; means for supplying
power to each element in said expansion device; and second
data saving means, which is non-volatile and write-enable,
for saving the context information held by said interface
means and the data stored in said first data.saving meéns in
response to the request from said computer system via said
interface means. |

Claim 3

The expansion device of claim 2, characterized in that said

expansion device is a CD-ROM drive.

Claim 4
The expansion device of claim 2, characterized in that said

expansion device is a magneto optical disk drive.

Claim 5
The'expansion device of claim 1 or 2, characterized in that

said first data saving means is a static RAM.

Claim 6

The. expansion device of claim 1 or 2, characterized in that

P — ..
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sai d central processing neans in handling task; interface—neans for

comuni cating with said conputer systenm neans for SUpplWEﬂg%E@@%EﬁﬁéﬁEEp
“elenment in said expansion device; and second data savi ngji mreans, ichis
non-vol atile and wite-enable, for saving the context intggzrati2y NIVIIGE

said interface neans and the data stored in said first da
I n response to the request fromsaid conputer systemvia said interface
nmeans. Claim 2 An expansion device detachably installed into a conputer

69
e~
said interface means receives a request from said computer

system in a form of command.

Claim 7
The expansion device of claim 1 or 2, characterized in that
said interface means receives a request from said computer

system in a form of hardware interrupt.

Claim 8

The expansion device of claim 1 or 2, characterized in that

said second data saving means is a flash memory.

Claim 9

A method for controlling an .expénsion device detachably
installéd into a computer system, comprising; central
‘processing means for controlling the operation of said
expansion device; first data saving means, which is
volatile, for being used as working area by said central
processing means  in handling task; interface means for
communicating with said computer system; means for supplying
power to each element in said expansion dé;ice; and second
data saving means, which is non-volatile and write-enable,
for saving the context information held by said interface
means and the data stared in said first data saving means,

characterized in that the method comprises the steps of



system conprising; a spindle notor for nmounting a storage | REQ] Of . qrsR-—
to rotate said disk; a head for accessing said disk; a sIH'é?'&ﬁPﬁF”f%r*“‘
novi ng said head along the radial direction of said diSk;JEE% '
means for driving said spindle and slider notors; a proce d

processi ng the output of said head; a notor drive controller neans for
controlling said notor drive neans; a central processing neans for
controlling the operation of

70
receiving a prior notification of powered down from said
computer system; saving in said second data saving means the
context information held by said interface means and the
data stored in said first data saving means in response to

said ﬁotificatibn; and notifying said computer system of the

completion of said saving step.

Claim 10
A method for controlling an expansion device detachably
installed into a computer system, comprising; central
processing means for controlling the operation of said
expaﬁsion device; first data saving means, which is
volatile: for being used as working area by said central
. processing means in handling taskﬁ interfaéé meaﬁs for
communicating with said computer system; means for supplying
‘power to each element in said expansioﬁ device; and second
data saving means, which is non-volatile and write-enable,
for saving the context information held by said interface
means and the data stored in said first data saving means,
characterized in that the method comprises the steps of
receiving an instruction from said computer system when
power supply is restarted; restoring the data being saved by
said second data saving means to said interface means and
said first data saving means in response to said
instruction; and notifying said computer system of the

completion of said restoring step.

i



68 sai d expansi on device; first data saving nmeans, whi LS ~YaL
for being used as working area by sai-d central processin %gdﬁécfﬁ&ﬁkéﬁ%ET

handl i ng t ask; interface means for comunicating with ld. ¢
system neans for supplying power to each elenent in sai E?@aﬁgﬁghmm"mﬂsm

devi ce; and second data saving neans,_which is non-volatile and
write-enable, for saving the contexL_lbiornation hel d by said interface

Claim 11
A method for contfolling an expansion device detachably
installed into a computér system, comprising; a spindle
motor for mounting a storage médium of disk to rotate said
disk; a head for acce#éing said disk; a slider motor for
moving said head along the radial direction of said disk; a
motor drive means for driving said spin&le and slider
motors; a processor means for processing the output of'said
head; a motor drive controller means for'contrélling said
motor drive means; a central processing meghs for
controll;pg the operation of said expansion device,
characterized in thét'the method co@prises a step of idling
to stop the output of said head and the operation of said
motor drive controller means, while not to stop at least one
operation of said motor drive means and said central

_processing means.

Claim 12

A method for controlling an expansion device of claim 11,
characterized in that a first predetermined period of time
is given after thellast_disk access before said idling step

is entered.

—
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means and the data stored in said first data saving neans_in_response to

the request fromsaid conputer systemvia said interfac é&ﬁ
The expansi on device of claim2, characterized in that s gEﬁEEC‘MLNgéﬂ

device is a CD-ROM driver. Claim4 The expansion devi f. @ i
characterized in that said expansion device is a magnet lrgl?l WE 1995
drive. -
12
Claim 13

A method for controlling an expansion device detachably
.installed into a computer system, .comprising; a spindle
motor for mounting a storage medium of disk to rotate said
disk; a head for accessing said disk;.a slider motor for
moving said head along the radial direction of said disk; a
motor drive means for driving said spindle and slider
motors; a processor means for processing the output of said
head;_a motor drive controller means fér controlling said
motor drive means; a central processinq"means for
controll%pg the operation of said expansion device,
characterized in that the meﬁhod comprises a step of idling
to stop the outﬁutlof said head and the operation of said
motor driQe controller means, while not to stop at least one
operation of said motor drive means and said central
processing means, and standby to stop the operation of said
motor drive means, whilg not to stop at least the operaticn

of said central processing means.
Claim 14

A method for controlling an expansion device of claim !:I,

characterized in that a second predetermined period of t:.--
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Clai'm 5 The expansion device of claim1 or 2, characteriz
first data saving neans is a static RAM Claim6 The exBEﬂbAQEMIﬁVBﬁEET

of claiml1l or 2, characterized in that

73

is given after the last disk accéss before said standby step

is entered.

Claim 15

A method for controlling an expansion device detachably
installed .into a computer system, comprising; a spindle
motor for mounting a storage medium of disk to rotate said
disk; a head for accessing said disk; a slider motér for
moving said head along the radial direction of said disk; a
motor deive means for drivihg said spindle .andu slider
motors; a processor means for processihg the output of said-
head;.a motor drive controller means for controlling said
motor drive means; a central? processing means for
;ontrolling the operation of said expansion device,
characterized in that the method comprises a step of idling
to stop the ouﬁput pf said head and the operation of said
motor drive controller means, while not to stop at least one
_operation of said motof drive ﬁeans and séid central
processing means, and standby to stop the operation of said
motor drive means, while not to stop at least the operation
of said central proces#ing means; and sleep to stop the

operation of said central processing means.

o
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69 said interface neans receives a request fromsaid co er.systemin .

a formof command. Caim7 The expansion device of cl ajjdpiQiceRienT SHEET
characterized in that said interface neans receives a regpest fromsaid
conputer systemin a formof hardware interrupt. | Date . 2.7 NOV 1995
74 :
e
Claim 16

A method for controlling an expansion device of claim 15,
characterized in that a third'predetermined period of time
is given after the last disk access before said sleep step

is entered.

Claim 17

A method for controlling a computer system onto which an
expansion device is mounted, the expansion device comprising
central processing means for controlling the operation of
said expansion device; first data saving means, which is
volatile, for being used as working.area by said central
processing means _}n handling task; interface means for
communicating with said computer system; means for supplying

L e ,

power to each element in said expansion device; and second
data saving means, which is non-volatile and write-enable,
for saving the context information held by said interface
means and the data stored in said first data saving means,
characterized in that the méthod comprises thelsteps of
sending from said computer system to said expansion device

a prior notification of powered down from said power supply

means to each element; saving in said second data saving

LT



Cl-aim 8 The expansion device of claim1 or 2, characteri A-—that—asaid
second data saving neans is a flash nenory. Caim9 REPNAGEfAENT SHEET
controlling an expansion device detachably installed intip a conputer
system conpri sing; central processing neans for cont; QJ:td n&p?huﬂ\( 1%
operation of said expansion device; [ A ==

first data savi
is volatile, for bei ng used as morkLn&éa;ea by said central proceSS|ng
means in handling,Lagkn eext i34 TRAHdIY by said interface means

and the data stored in said first data saving means by said
expansion device in response to said notification; notifying
said computer system of the completion of said saving step
by said expansion device; and powefing dowp'supply by said

computer system in response to said notification.

Clgim 18

A method for-controlling a computer system onto which an
expansion device is mounted, the expansion device cofprising
central grocessing means for controlling the operation of
said expansion device; first data saving meaﬁs,_which is
volatile, for being used as working area by said central
processing means in handling task; interface means for
communicating with said computer system; means for supplying
powe£ to each element in said expansion device; and second
data saving means, which is non-volatile and write-enable,
for saving the context information held by said interface
means and the data stored in said first data saving means,
characterized in ﬁhat the method.comprises the steps of
sending from said computef sy;tem an instruction for

restarting power supply when power supply to each element by

i ——————
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- said interface means and the data stored in said-first
characterized in that the nethod conprises the steps of

6
said power supply means is restarted; restoring by said
expansion device the data being saved by said second data
saving means to said interface means and said first data
saving means in'response to said instruction; notifying said
computer system of the completion of said restoring step by
said expansion device; and restarting power suppy by said

computer system in response to said notification.

e
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70 receiving a prior

system saving in said second data saving neans the
data stored in said f

notification of powered down from sai
cont ex RE?’fL@.LmIfEmﬂSHEET

hel d by said interface nmeans and the
means in response to

of the

system

said notification;

conpl etion of said saving step.
controlling an expansi on devi ce detachably

Caimil0 A net
installed into a conputer

rst

ter ;
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processing neans for controlling the operation of said OTT_(EV i
first data saving neans, which is volatile, for being Lléﬁ?ﬁkﬁqﬁ@#§fﬁ§%§Pée

by said central processing means in handling task; i nfferface aNgiﬁﬁﬁ
communi cating with said-conputer system neans for suppl iR -pder " ta Eac
el ement in said expansi on device; and second data saving-means, which is

non-vol atile and wite-enable, forg,saving the context information held by
said interface neans and the dat red in said first data savi ng neans,
characterized in that the nmethod conprises the steps of receiving an

instruction fromsaid conputer system when '
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‘power supply is restarted; restoring the data being saved

dat-a saving neans to said interface neans and said first

in response to said instruction; and notifying said conpu er sy%Z

conpl etion of said restoring step.

Caim1l1ll A nethod for controlling an expansion device det
3
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powered down

FIG. 3



installed into a conputer system conprising; a spindle m
a storage nediumof disk to rotate said disk; a head for §
disk; a slider nmotor for noving said head along t he radi a
said disk; a motor drive nmeans for driving said spindle
nmotors; a processor neans for processing the output of said head.
drive controller neans for controlling said notor drive neans;, a
central processing neans for controlling the operation of sai d
expansi on device, characterized #n that the nmethod conprises a step of
idling to stop the output of sdd head and the operation of said

112]3|4]|5]|6|7]|8]9/[10]11]12[13
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mof or drive controller means, while not to stop at |east dnges T
lL PR S
h

said notor drive neans and said central processing neans.
met hod for controlling an expansion device of claim 11, aract Rr zNGN 1985
Re—tast

e’

that a first predeterm ned period of tine 1is given after
access before said idling step is entered.
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REPLACEVENT SHEET

controlling an expansi on device detachably installed i nt of| SEEEAYE

72 daim £ %%ﬁﬁéﬁen

system conprising; a spindle notor for nounting a storagg nedi Qn"oﬂ(}‘{iim

‘to rotate said disk; a head for accessing said disk; a sl &€ ot ot E G

novi ng said head along the radial direction of said disk; a notor drive
means for driving said spindle and slider notors; a processor neans for
processi ng the output of said 6

300{;;RT D
F

302 1 ACTIVE

‘MOTOR SERVO CONTROL '

In

308§ IDLE

NSTOP MOTOR

ST =

N STANDBY

316
TIMEOUT ?

NO

YES

SEND GOING TO SLEEP
BY STATUS SIGNAL

4
320~J'sToP CPU CLOCK

R
22 (EN0 )
" FIG. 6

318




head; a notor drive controller means for controlling said & Qﬁ%ﬁf?HhET
nmeans; a central processing neans for controlling th opera I'on

sai d expansi on device, characterized in that the nethod c

of idling to stop the output of said head and the operati EE%% ?i?aNﬁ%§9%§"
drive controller neans, while not to stop at | east one operation of said
not or drive neans and sald central pgocessing nmeans, and standby to stop
the operation of said notor drive TeEams, while not to stop at |east the

operation of said central procesgw{nsTART _)

| Sumevrmr e
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Cl-aim14 A method for controlling an expansion device of jeteaim
characterized in that a second predetern1ned period of thREPLACEM=NTSHEET
n

REPLACEMENT SHEET
di sk access before said

st andby step
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Claim15 A nethod for controlling an expansion device deta
installed into a conputer system conprising; a spindle cﬁE?éACEMﬁWﬁﬁﬁﬁET

a stdrage nmediumof disk to rotate said disk; a head for a cessi
disk; a slider nmotor for noving said head al ong the radi al d@%‘%e[ﬁcﬁrw-lﬁ--

said disk; a notor drive neans for driving said spindle and: StTaer
notors; a processor neans for processing the output of said head,; a not or
drive control l er means for controIthg said notor drive neans;

central processing neans fcgoocmperatlon of sald
expan5|on devi ce,
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characterized in that the nethod conprises a step of idling=te-step—the
out put of said head and the operation of said notor drive| RERUAGERMENT SHEET
means, while not to stop at | east one operation of said tor dgl_)/W%
and said central processing neans, and standby to stop th Dper.ath. Qo |1
said notor drive neans, while not to stop at |east the operarForFr—or—sard
central processing neans; and sleep to stop the operation of said central
processi ng neans. . _
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Cl'aim 16 A method for controlling an expansion device of claim15

characterized in that a third predeterm ned period of ti eREbgfgéMgﬂTqﬁﬁgn
arm

the last disk access before said sleep step is entered.
met hod for controlling a conputer systemonto which an EXE@RﬁLQﬂJﬁ _______ & ,,,,,
nount ed, the expansion device conprising i
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cential processing neans for controlling the operation of '
device; first data saving neans, which is volatile, for DeREm ACEHEENTESHEET
wor ki ng area by said central processing neans in handling task %
means for conmunicating with said conputer system mneans fumesu,gp?yﬁgg .
power to each elenent in said expansion device; and secon e Sy
means, which is non-volatile and wite-enable, ~ for saving the context
information held by said interface means and the data stored in said first
data saving neans, characterized in that the nmethod conprises the steps of
sending fromsaid conmputer system 13 said expansi on devi ce
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a-prior notification of powered down from sai d power supplp—rears—tro—tacH

el enment; saving in said second data saving

REPLACEMENT SHEET

75 neans the context information held by said interface npans 2n? &ﬁf
MNOY 1995,

data stored in said first data saving neans by said

exparsiDaie :dév.

response to said notification; notifying said conputer systenrof the

conpl etion of said saving step
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by -said expansion_device;_and_pomering down supply by saidgmﬁgﬁEﬁﬁémngghggT

I n response to said notification. Claim18 A nethod fd¢r cContro
comput er system onto which an expansion device is nounted) mﬂﬁﬂgﬁgﬁn
device conprising central processing nmeans for controllin :
of said expansion device; first data saving neans, which is volatile, for
bei ng used as working area by said central _ processing neans in handling
task; interface means for comunicatlfng with said conputer system neans

for supplying
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power to each elenment in said expansion device; and secondf
means, which is non-volatile and wite-enable, for savin F% g%Wﬁ &f%HEET
information held by said interface nmeans and the data st rB% . n2s7i NOV 11998

data saving neans, characterized in that the nmethod conpiis & e steps: of
sending fromsaid conputer systeman instruction for restarting power

supply when power supply to each el enment by
15 .
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76° said power supply neans is restarted; restoring by sgg——expansiaf—=—
devi ce the data being saved by said second data saving nednBEFO.SHIENT SHEET
interface means and said first data saving neans in respofise to 2-? (i\,gv :
instruction; notifying said conputer system of the conpl etji Dateaf%.sail ’995
restoring step by said expansion device; and restarting p '
said conputer systemin response to said notification.
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REPLACEMENT SHEET

Date :..2..7..NOV..1895...

AN EXPANSIQI DEVICE DEI‘ACHABLY INSTALLED INTO é QOMPUTER SYSTEM,

An expansion device detachably installed into a computer system
(host) and capable of responding quickly and precisely to a series

of operations for power management at the host.

Usually, when a computer system enters a power save mode such as
suspending to interrupt the power to the expansion device, the
system will lose the data stored in RAM, or the contents stored in
the registers within the interface circuit, missing the contextual
information of the tasks which the expansion device had executed.

To overcome this, the expansion device in accordance with the
present invention is provided with a flash memory which is the
secondary memory to the RAM. The flash memory "is capable of
maintaining the contextual information during the power off.



