
- 1 - INFORMATION STORING DEVICE AND METHOD FOR CONTROLLING SAME TO
RECORD/REPRODUCE INFORMATION BY SELECTING ONE OF WORKING MODES BACKGROUND
OF THE INVENTION The present invention relates to an informa- tion storing
device, and in particular to an information storing device having a
plurality of working modes at 5 recording/reproduction, which can be
selected according to conditions of power supply for a device of higher
rank, with which the information storing device is connected, and a method
for driving same. The term "information storing device" used here includes
a rotary 10 type information storing device such as a magnetic disk 



device, an optical disk device, an opto-magnetic disk device, etc. and a
magnetic tape device. The present invention can be applied to a
mounted/dismounted type and a fixed type information 15 storing devices.
Down-sizing and diversification have been attempted also for rotary type
information storing devices such as a magnetic disk device, optical disk
devices, opto-magnetic disk devices, etc. and magnetic 20 tape devices,
used as external storing devices, keeping step with down-sizing of
electronic computers such as so-called personal computers, office
computers, work stations, etc. For example, down-sizing tendency of
magnetic disk devices is such that it proceeds from 



25 3.5" to 2.5", to 1.8" and further to 1.3".  Down-sizing    - 2 tendency
can be seen also for optical disk devices and opto-magnetic disk devices.
Hereinbelow these rotary type information storing devices are generally
called simply disk devices. 5            On the other hand, keeping step
with down- sizing of the magnetic disk devices, card type
mountable/dismountable magnetic disk devices according to PCMCIA (Personal
Computer Memory Card International Association) standard have been
developed. For example, 



10 there are known techniques disclosed in U.S. Patent No.- 5,062,016,
filed May 5, 1986, JP-A-5-181565 and further JP-A-4-356785. As a
representative specification, by which standardization is intended,
including interface for 15 electric connection, there is a recommended
specifica- tion on IC memory card for personal computer promoted by
Corporate Juridical Person, Japanese Electronic Industry Development
Association (JEIDA), in cooperation with PCMCIA in USA.  Originally it was
a recommended specifi- 20 cation exclusively directed to memory card
(PCMCIA Rel. 1.0/JEIDA Ver. 4.0). Thereafter it was extended to a
specification (PCMCIA Rel. 2.1/JEIDA Ver. 4.2), includ- ing magnetic disk
devices, keeping step with down-sizing 



of the magnetic disk devices. 25            According to this recommended
specification on IC memory card for personal computer, working conditions
can be set so that a relevant memory card can be used together with other
cards of an electronic computer    3 system.  According to the
specification the system can be so constructed that it is prohibited to use
a PC card, when working conditions offered by the PC card don't satisfy
working conditions required by the system. 5            A parameter on
power condition information is 



included in these working conditions. The parameter includes standard
voltage of working power, minimum voltage of working power, maximum voltage
of working power, current of continuous power, maximum value of 10 mean
current in 1 sec, maximum value of mean current in- 10 millisec, necessary
supplied current in power down mode, etc. The system, in which use of a PC
card type magnetic disk device is expected, is diversified. 15
That is, it extends from a work station having a sufficient power supply
capacity, which demands a high speed access property from the magnetic disk
device, to a portable type computer incorporating a battery, which demands
low power consumption rather than access 



20 property.  Therefore it is desired for the PC card type magnetic disk
device used over these not specified but diversified devices of higher rank
to be able to offer selectively a high speed access property or a low power
consumption according to power supply capacity of a 25 device of higher
rank connected therewith. However, as it can be seen from the recom- mended
specification for IC memory card for personal computer published by JEIDA
and PCMCIA in USA, there    4 are no disk devices including a PC card type
or a fixed 



type which can offer selectively a high speed access property or a low
power consumption according to power supply capacity of the device of
higher rank. 5           Personal computers of notebook size or pocket
notebook size have been used more and more often outside office owing to
down-sizing of computers, which has accelerated lowering of power
consumption of disk devices mounted on the computers. That is, it has been
10 tried to lower power consumption according to the tendency that smaller
driving power of a disk device is more desirable. As an example thereof,
there are known techniques disclosed in U.S. Patent No. 4,933,785
(corresponding Japanese application JP-B-3-503101), in 15 which electric
power supply to circuits, for which no 



power is required functionally in each working mode, is suppressed by
constructing a magnetic disk device so that either one of working modes can
be set by classifying them into: 20            1)  sleep mode, in which,
least necessary interface function with a device of higher rank (computer
system) necessary for restarting CPU being left, other circuits or function
thereof are stopped; 2) idle mode, in which CPU is working and, 25 all
interface functions with the device of higher rank being left, function of
a spindle motor, a servo motor, a record reproducing circuit, etc. is
stopped;   



5 3) idle mode, in which servo function is working in a state where the
spindle motor is rotated and a data recording/reproducing circuit is in a
stopped state; and 5            4)  several working modes in usual
operation such as a write/read mode, a seek mode, etc. An effect to reduce
mean power consumption in the different working modes can be achieved by
this method. However, by this method, no attention is paid 10 to the
initial period of the spindle motor start, at which power consumption is
maximum. For this reason, no effect can be obtained to reduce specifically
power 



current at start of the disk device. As other prior art techniques there
are those 15 disclosed in JP-A-4-205963. By this method, the number of
turns of the spindle motor is decreased to such a degree that the rotation
of the disk is maintained in a waiting mode, in which write/read is not
effected. This method has an 20 effect to reduce the transient necessary
maximum power current to shorten a period of time necessary for increasing
the rotation of the disk to a predetermined value. However, in a disk
device in general, 25 frequency with which the state where write/read is
not effected is produced is not necessarily so high. 



Further, since the state where write/read is not effected is one where
power consumption is smallest next    -6 - to the not working state (power
consumption being 0 W) where power is not switched on (power consumption is
greatest at start of the motor and next greatest at file access, in either
case power consumption being greater 5 than that required when read/write
is not effected while rotating the motor), as indicated in a cited
reference, even if the disk motor speed is reduced by setting a waiting
mode in this state where read/write is not 



effected, no effect to reduce remarkably power consump- 10 tion can be
obtained as a whole.  On the contrary, considerable power is consumed
temporarily, because it is required to increase the rotation speed of the
disk motor upto a predetermined value, when it proceeds from this waiting
mode to a write/read operation, if the 15 read/write state is interrupted
in this waiting mode. Furthermore, since a certain period of time is
required for increasing the rotation speed of the motor upto the
predetermined value when it proceeds from this waiting mode to the
write/read operation, this gives 20 rise to a problem that start of the
write/read operation is retarded, which lowers working speed. In addition,
in this cited reference, read/ 



write speed is only one usual speed (one kind) and no attention is paid to
set arbitrarily diversified data 25 read/write speeds according to needs of
users. As another prior art example, there are known techniques, by which
in case where the point of time of a succeeding read/write start is
previously known in a    7 magnetic disk device, it is avoided to
accelerate/ decelerate the head more strongly than required to save power
at seek by detecting a waiting time from seek start to read/write start and
by controlling seek speed 



5 (moving speed) of the head so that the difference between this waiting
time and an average seek time previously obtained for each displacement
distance of the head be approximately zero, as described in JP-A-63- 87663.
10            However no idea is disclosed to distinguish high speed seek,
by which high speed processing is possible, and low speed seek effected
with low noise and low power according to request of the user or according
to power supply capacity of the device of higher rank. 15 Further no
attention is paid to read/write arbitrary data with different read/write
speeds such as a high speed, a standard speed and a low speed according to
request of the user. 



As a prior art example on the high speed 20 access property, there are
known techniques, by which in order to improve operability of a reproducing
device in a compact disk (CD) or a digital audio tape recorder (DAT), a
second speed is automatically set for read/ write of signals such as
control signals TOC other than 25 audio signals, which speed is higher than
read/write speed for usual audio signals, as described e.g. in JP-
A-2-156470. However, in this document, no attention    8 is paid to
record/write arbitrary data which should be 



used by the user with different medium speeds such as a high speed, a
standard speed and a low speed or to lower power consumption according to
request of the user or 5 according to power supply capacity of the device
of higher rank. For a magnetic head used in a magnetic disk device,
heretofore an inductive head is used, which produces reading voltage on the
basis of the electro- 10 magnetic induction effect on winding conductor.
Recently an MR head is used, which produces reading voltage on the basis of
the magneto-resistance effect. The MR head has a feature that it produces
reading voltage without variations in magnetic field 15 intensity due to
relative movement of the magnetic head 



to a magnetic recording face. Further for the magnetic head of hard disk
drive, a floating method is usually used, utilizing a hydromechanical
effect acting between the head slider and the disk surface. In addition, 20
recently a contact method called contact recording is used, by which the
head slider, on which the magnetic head is mounted, is not floated.
Requirements of users for properties of a magnetic disk device or an
optical disk device can be 25 roughly classified into two types, as
described below. [err]  high speed transfer, high speed access, and [err]
low power consumption, low noise.   



9 In order to satisfy the requirements defined by [err], it is necessary to
increase the read/write speed of the disk, i.e. the rotation speed and the
seek speed of the head. On the contrary, in order to satisfy the 5
requirements defined by [err], it is necessary to decrease the read/write
speed of the disk (rotation speed) and the seek speed of the head. These
two properties are contradictory to each other and there exists heretofore
no disk device satisfying these two properties at the 10 same time, but
there are different models of devices, each of which has one kind of the
data read/write speed and the seek speed. For this reason every user cannot



help preparing at least one model of devices satisfying each of the two
properties and selecting a magnetic disk 15 device having properties
suitable for utilization condi- tions (whether it is used under restriction
on noise level and maximum power, whether the transfer access speed is
regarded as important, etc.) for every use. In this case problems as
described below take 20 place: [err]  a magnetic disk device having either
one of the properties should be selected, even if aimed utilization
conditions are not clear; [err]  there is no way other than buying another
or 25 replace by another, when it is desired to exchange a property of a
magnetic disk device with another in the 



course of utilization because of change in utilization conditions; and
10 [err] it is impossible to switch over the properties timely according to
way of utilization. Particularly such problems take place for a disk device
attached to a personal computer using both a 5 commercial AC power source
and an incorporated battery power source such as e.g. a notebook type
personal computer. In this kind of personal computers, since sufficient
power can be supplied in case where a com- 



mercial AC power source is used, it is desirable to keep 10 the head seek
speed and the disk read/write speed satisfactorily high. On the other hand,
in case where an incorporated battery power source is used, it is desirable
to lower the head seek speed and the disk read/write speed to use it at a
low power consumption in 15 order to elongate continuous utilization time
of the system. However there exist no information storing devices yet,
which can be used while switching working modes of access or read/write
according to utilization 20 conditions. SUMMARY OF THE INVENTION An object
of the present invention is to 



provide an information storing device having a function to effect a high
speed processing of the information 25 storing device while making
positively efficient use of power, when enough power is disposable and to
drive the information storing device at various low power    - 11 -
consumption modes, when disposable power is not enough, according to power
conditions of the device of higher rank, with which the information storing
device is connected. 5           Concretely speaking, it is to provide an 



information storing device which selects itself or has a device of higher
rank select a high speed access property, a high speed processing property
or a low power consumption property according to power supply 10 capacity
thereof for wide ranging devices of higher rank 1) from work stations
having sufficient power supply capacities, demanding a high speed access
property and a high speed processing property to the disk device 15
2) to battery incorporating portable type electronic computers demanding
low power consumption rather than access property, etc, and performs
read/write operations with the selected operation or working mode. 



20           Another object of the present invention is to provide a disk
device capable of removing the problems of the prior art techniques, by
which a user can select arbitrarily one of at least two modes, which are a
quick mode (high speed transfer high speed access mode) for 25 effecting
seek and data read/write and a silent mode (low speed low power consumption
low noise mode). Still another object of the present invention is to
provide a disk device having a switching function    12 acting so as to
select the quick mode in case where a 



commercial power source is used and the silent mode in case where an
incorporated battery power source is used in a disk device attached to a
personal computer, in 5 which both the commercial power source and the
incorpo- rated battery power source is used. In order to achieve the above
objects an information storing device according to the present invention is
constructed as follows. 10            The information storing device
provided with means for inputting power from a device of higher rank; a
device for selecting one of working modes having different necessary
maximum currents; and a device for informing the device of higher device of
necessary 15 maximum current information on each of the selectable 



working modes. Particularly in a device using a disk-shaped memory medium
the selectable working modes are composed of combinations of: 20
1)  different disk rotation speeds; 2) different average seek times; and 3)
different times for starting the spindle motor. In case where a magnetic
tape is used, various 25 working modes are realized by making speeds of
fast forwarding and rewinding different. Further a read head for reading
out signals from data recorded in a disk may be an MR head using a  



13 magneto-resistance effect element. In addition, the contact recording
method may be used, by which the magnetic head is not floated by the
hydromechanical effect between the slider, on which the read head is 5
mounted, and the surface of the magnetic disk in a region of the rotation
speed of the magnetic disk in the selectable working modes. The information
storing device may comprise further a device for receiving information on
current, 10 which the device of higher rank can supply, from the device of
higher rank, with which it is connected, and a 



device for prohibiting execution of the working modes, in which the
necessary maximum current is greater than the current, which can be
supplied, among the plurality 15 of working modes. On the other hand the
device of higher rank includes a device for supplying electric power to the
information storing device; a device for receiving the maximum current
information of the plurality of select- 20 able working modes having
different necessary maximum currents; a device for detecting or calculating
current, which the device feeding with electric power can supply, taking
utilization situations into account; a device for selecting a specified
working mode among the plurality 25 of working modes; and a device for
prohibiting that the 



working modes, in which the necessary maximum current is greater than the
current, which can be supplied, are selected among the plurality of working
modes.    - 14 An important effect can be obtained particularly in case
where a power source (battery) is incorporated in the device of higher
rank. When a working mode, in which the necessary 5 maximum current of the
information storing device is greater than the current which can be
supplied by the device feeding with electric power in the device of 



higher rank, is selected, either one or a plurality of following
predetermined operations are effected, before 10 electric power is supplied
in reality e.g. for starting the spindle motor in the connected information
storing device: 1) it is prohibited to select the specified working modes;
15            2)  it is displayed to an operator that the specified working
modes are included; and 3) a selectable working mode is executed. By a
method for controlling the device of higher rank and the information
storing device, the 20 device of higher rank is informed by the information
storing device of the necessary maximum current 



information on each of the plurality of selectable working modes before the
start of the spindle motor, which is an operation giving the greatest
current, 25 thereafter the information storing device receives a control
signal for selecting one of the plurality of working modes from the device
of higher rank, and the start and normal rotation of the spindle motor or
- 15 - operation for positioning the read head is effected according to the
working mode thus selected. By another control method, when the informa- 



tion storing device receives the command to start the 5 spindle motor from
the device of higher rank, while the information storing device informs the
device of higher rank of the necessary maximum current information several
times in a predetermined order, it stops to inform the device of higher
rank of the necessary 10 maximum current information and at last begins the
start of the spindle motor in the working mode, for which the device of
higher rank is informed of the necessary maximum current information.
Particularly, in an information storing device 15 using a magnetic tape,
the operation for selecting the working mode is effected before the start
of the tape forwarding. 



Further, in order to achieve the above objects, a disk device according to
the present 20 invention is constructed as follows. (1) A disk device, in
which a disk-shaped recording medium is rotated and at the same time a head
is moved towards an aimed position on the recording medium to record data
in the recording medium or to 25 reproduce the data therefrom, comprises a
head moving speed mode switching device, which switches the seek moving
speed of the head by more than one step , and a medium rotation speed mode
switching device, which    



- 16 - switches the rotation speed at recording or reproduction of the
recording medium by more than one step. (2) A disk device according to (1)
is so constructed that switching of the seek moving speed of 5 the head and
switching of the rotation speed of the recording medium are effected
according to a command from the device of higher rank. (3) A disk device
according to (1) or (2) is so constructed that it has both a commercial
power 10 source and an incorporated battery power source and that the
device for switching the head moving speed mode and the device for
switching medium rotation speed mode switch both the seek moving speed of
the head and the 



rotation speed of the recording medium to high speed 15 mode, when the
commercial power source is used, and both the seek moving speed of the head
and the rotation speed of the recording medium to low speed mode, when the
incorporated battery power source is used. Operation based on the
construction will be 20 explained below. According to the construction
described in (1), since the seek moving speed of the head and the rotation
speed of the recording medium (disk) can be switched by more than one step
, when a user wishes to 25 effect read/write of signals at a high speed
with one disk device, he can read/write in a state where the quick mode
(both the head and the disk at the highest 



speeds) is selected, and on the contrary, when he wishes    -17 - to reduce
noise and power consumption, he can read/write in a state where the silent
mode (both the head and the disk at the lowest speeds) is selected. Since
the working mode can be selected arbitrarily, as described 5 above, [err]
even if utilization conditions are not pre- viously determined, it is
possible to select a working mode suitable to utilization conditions
determined thereafter; [err] even if utilization conditions are changed, it
is unnecessary to purchase any new disk 



10 device; and further [err] even in the course of utilization the user can
change the working mode in accordance with utilization conditions. If a
speed mode switching mechanism is so constructed that mode switching is
effected by a command 15 from the device of higher rank to a microprocessor
in the disk device according to the construction described in (2) so that
the user can select a suitable mode freely at any time, the user can select
a desired mode simply by key operation, etc. Further, instead thereof, 20
The switching of the mode can be effected also by means of a switch of
hardware such as a jumper connector disposed on a head driving circuit and
a disk motor driving circuit in the disk device. 



According to the construction described in 25 (3), in case where a
commercial power source is used for power supply of a personal computer and
a disk device, the quick mode of high speed read/write and high speed seek
is selected so that data transfer/access of high    -18 speed and high
performance can be effected.  On the contrary, in case where an
incorporated battery power source is used, the silent mode of low speed
read/ write and low speed seek is selected so that data 5 transfer/access
continuously operable for a long time 



can be effected with a low noise and a low power consumption. Following
advantages can be obtained by the information storing device according to
the present 10 invention. Higher access property, higher starting property,
and higher tape forwarding property can be achieved according to capacity
of the power source. Further, by using an MR head, since influences 15 of
variations in the rotation speed of the magnetic disk on the read signal
are kept small, effects of the different working modes having different
rotation speeds of the magnetic disk can be more efficient. Furthermore, by
using a not floated magnetic 



20 head, since influences of variations in floating amount on the read
signal are kept small, effects of the different working modes having
different rotation speeds of the magnetic disk can be more efficient. Since
the operator can select arbitrarily one 25 of the selectable working modes
to execute and also since the device of higher device can select suitably
one working mode to execute, an effect can be obtained to intend efficient
utilization of the incorporated    -19- power source. 



An effect can be obtained that it is possible to effect driving and control
of the information storing device suitable for power supply capacity of the
device 5 of higher rank.  Consequently, in case where the incorporated
power source is a battery, an effect can be obtained that it is possible to
elongate utilization time of the battery. According to the present
invention it is 10 possible to use widely not only a magnetic disk device
compatible with the PC card standard but also other information storing
devices. That is, it is possible to provide an information storing device,
a device of higher rank thereof and a method for controlling same, 15 which
can offer a high speed access property or a low 



power consumption property according to power supply capacity of wide
ranging devices of higher rank from work stations having sufficient power
supply capacity and requesting high speed access property from the 20
information storing device to battery incorporating portable computer
devices requesting low power consumption rather than access property.
Further, according to the present invention, since one disk device is so
constructed that the seek 25 speed of the head and the rotation speed of
the disk recording medium can be switched by more than one step an effect
can be obtained that the working mode can be selected arbitrarily according
to request of a user,  



- 20 - e.g. the silent mode of low speed is selected, when file access and
data transfer of low noise and low power consumption are desired, while the
quick mode is selected, when high speed file access and data transfer 5 are
desired. Further, since no prior art waiting mode (waiting mode, in which
the rotation speed of the disk motor between different accesses to
read/write is lower than the rotation speed at read/write) is adopted, an
effect can be obtained that no operation for increasing 10 (raising) the
rotation speed of the motor upto a pre- determined value at successive data
accesses is neces- 



sary and therefore no delay in the read/write operation due to this
operation for increasing the rotation speed of the motor upto the
predetermined value is produced. 15            Further an effect can be
obtained that a user can select easily a required mode, if selection and
switching of these working modes are effected by the device of higher rank.
Furthermore, in case where the present 20 invention is applied to a
personal computer, in which both a commercial power source and an
incorporated battery power supply are used, such as a notebook type
personal computer, an effect can be obtained that it can be used properly
according to utilization conditions, 25 because when the commercial power
source is used, since 



the quick mode of high speed read/write and high speed seek is selected, it
is possible to effect data transfer and access of high speed and high
performance, and on    - 21 the contrary, when the battery power source is
used, since the silent mode of low speed read/write and low speed seek is
selected, a long time continuous operation can be effected with low noise
and low power consump- 5 tion, etc. BRIEF DESCRIPTION OF THE DRAWINGS Fig.
1 is a perspective view of a disk device 



according to the present invention; Fig. 2 is a perspective view of the
disk 10 device according to the present invention, a battery incorporating
information processing device and a work station computer device, in each
of which the disk device is used; Fig. 3 is a diagram indicating
specification 15 of different working modes of the disk device according to
the present invention; Fig. 4 is a diagram indicating current waveforms at
starting different working modes; Fig. 5 is a block diagram indicating a 20
connection relation between the disk device and the battery incorporating
information processing device; 



Fig. 6 is a diagram indicating a relation between position and floating
amount of a magnetic head; Fig. 7 is a diagram indicating reading outputs
25 for different types of magnetic heads; Fig. 8 is a flow chart showing an
embodiment of starting procedure on the disk device side according    - 22
to the present invention; Fig. 9 is a flow chart showing another embodiment
of starting procedure on the disk device side according to the present
invention; 



5            Fig. 10 is a flow chart showing an embodiment of starting
procedure of the disk device on the device of higher rank side according to
the present invention; Fig. 11 is a flow chart showing still another
embodiment of starting procedure on the disk device side 10 according to
the present invention; Fig. 12 is a flow chart showing an embodiment of
starting procedure on the magnetic tape device side according to the
present invention; Fig. 13 is a flow chart showing another 15 embodiment of
starting procedure of the disk device on the device of higher rank side
according to the present invention; Fig. 14 is an example of display
indicating 



relation between current which can be supplied and the 20 working mode;
Fig. 15 is a block diagram of a disk device having a working mode
turning-over switch according to the present invention; Fig. 16 is a block
diagram of another embodi- 25 ment of the disk device according to the
present inven- tion having a working mode switching circuit within CPU;
Fig. 17 is a block diagram of still another embodiment of the disk device
according to the present    - 23 



invention having a working mode switching circuit within CPU, and a current
limiting circuit for each of motor driving circuits; Fig. 18 is a block
diagram of still another 5 embodiment of the disk device according to the
present invention having a working mode switching circuit within CPU, and a
current limiting circuit for each of a head driving circuit and a motor
driving circuit; Fig. 19A is a graph indicating variations in 10 rotation
speed of a motor at motor start; Fig. 19B is a graph indicating variations
in current flowing through the motor at motor start; Fig. 20A is a graph
indicating variations in head moving speed at motor start and stop; 



15            Fig. 20B is a graph indicating variations in current flowing
through a head driving circuit at motor start; and Fig. 21 a flow chart for
explaining a working relation between the disk device and the device of 20
higher rank according to the present invention. DESCRIPTION OF THE
PREFERRED EMBODIMENTS Hereinbelow an embodiment of the present invention
will be explained, referring to several diagrams and tables. 25
Fig. 1 is a perspective view of a disk device which is an embodiment of the
present invention. Explanation will be made taking a mountable/dismountable



- 24 magnetic disk device as an example of the disk device. Of course, the
present invention can be applied to a fixed type disk device. Outer sizes
of the whole disk device 101 are: width W = 54 mm, depth D = 85.6 mm and 5
height H = 10.5 mm. Outer sizes of a card-shaped portion 102 are: width W =
54 mm, depth D = 85.6 mm and height H = 3.3 mm. A connector portion 103 is
composed of 68 pins, including power lines and data command lines. These
are consistent with Type 3 of the IC 10 memory card specification for
personal computer standardized according to PCMCIA/JEIDA. 



Fig. 2 shows a mode of utilization of the disk device 101. There is
disposed a slot 203 for inserting an 15 IC memory card in each of a power
source incorporating information processing device 201 and a work station
computer device 202. The power source incorporating information processing
device 201 is a portable low power 20 consumption type computer device,
which is provided with the slot 203 for inserting an IC memory card of Type
3, a foldaway display plate, a hand writing input plate, a hand writing
input pen, and input keys. The work station computer device 202 is a desk
high performance 25 computer device, which is also provided with a slot 203



for inserting an IC memory card of Type 3. The disk device 101 is
mountable/dismountable on/from a device of higher rank provided with a slot
203 for inserting an IC    - 25 memory card such as a power source
incorporating infor- mation processing device 201, a work station computer
device 202, etc. Fig. 3 shows working modes of the disk device, 5 which is
an embodiment of the present invention. Average access time and starting
time can be cited as access property of the disk device. The 



average access time is a sum of average rotation waiting time and average
seek time. 10            In the working mode of a prior art magnetic disk
device there was only one kind of 0.6 A mode. In this working mode the
starting time took 3 sec, includ- ing the rotation starting time necessary
for the rotation speed to reach 4464 rpm. The average rotation 15 waiting
time was 6.7 msec, which is a time corresponding to 1/2 turn at a disk
rotation speed of 4464 rpm. The average seek time was 16 msec and the
average access time was 22.7 msec. There are three kinds of working modes
20 classified by the required maximum current, including a complete set of
spindle motor starting operation, read 



operation and head track seek operation, which are 0.6 A mode, 0.9 A mode
and 1.5 A mode. The access property in the 0.6 A mode is identical to that
obtained in the 25 working mode of the prior art disk device. In the 0.9 A
mode, the starting time and the average seek time are improved. The
starting time is 2 sec, including the rotation starting time necessary for
- 26 the rotation speed to reach 4464 rpm.   The average rotation waiting
time is 6.7 msec, which is a time corresponding to 1/2 turn at a disk
rotation speed of 



4464 rpm, the average seek time is 8 msec and the 5 average access time is
14.7 msec. In the 1.5 A mode, in addition, the average rotation waiting
time is improved.  The starting time is 2 sec, including the rotation
starting time necessary for the rotation speed to reach 8928 rpm. The
average 10 rotation waiting time is 3.4 msec, which is a time corresponding
to 1/2 turn at a disk rotation speed of 8928 rpm, the average seek time is
8 msec and the average access time is 11.4 msec. Fig. 4 shows varia- tions
in the starting current of the disk device, which 15 is an embodiment of
the present invention corresponding thereto. Fig. 4 shows that maximum
current is required 



at a initial period of drive of the spindle motor, depending on the
starting mode. When the speed is 20 increased in the seek operation,
required current is also increased and increase of electric power required
for initial drive of the spindle motor is greater. Fig. 5 shows a block
diagram of the power source incorporating information processing device 201
25 and the disk device 101, which are an embodiment of the present
invention. Even if no power source is incorpo- rated in the information
processing device 201, the present invention can be applied thereto.    



Substitute sheet - 25 November 1997 - 27 - The disk device 101 is connected
with the power source incorporating information processing device 201
through a connector portion 103 by means of power supply lines and
data/command buses. 5            A drive control portion 603 in the disk
device 101 includes CPU, RAM, ROM, etc. and effects rotation control of a
spindle motor 608, head positioning control through control of a voice coil
motor 606, read/write control through a read/write head 607, etc. on the
basis 10 of a control program in the ROM 604. The control program in the
ROM 604 includes three kinds of drive control programs, in which the
required maximum currents 



are 0.6 A, 0.9 A and 1.5 A, respectively, corresponding to the working mode
of the disk device, which is an 15 embodiment of the present invention
indicated in Fig. 3. The read/write head 607 included in EDA (head disk
assembly) 605 of the disk device 101 may be used also by the contact
recording method. Further an MR reading head 606 using a magneto-resistive
element may 20 be used therefor. The power source incorporating information
processing device 201 has CPU, ROM and RAM in a control portion 31,
determines how much current a power control portion 32 can supply to the
disk device 101 and informs 25 the disk device 101 of results thus obtained
through an and a connector 38 



interface portion 33.  34 is an incorporated power source; 35 is a display
portion; and 36 is an input portion manipulated by an operator. 37 is an
external    - 28 power voltage detecting portion connected with control
portion 31. When the external power is not supplied, the power system is
switched to incorporated power source 34 by control portion 31. 5
As indicated by a graph representing varia- tions in floating amount of the
magnetic head (including both an inductive magnetic head and an MR magnetic
head) 



in Fig. 6, when the head floating method is used, it is difficult to avoid
variations in floating amount due to 10 difference in the disk rotation
speed and difference in the inner and outer peripheral linear speed of the
head. On the contrary, by the contact recording method no variations in
floating amount are produced. For this reason it is not necessary to
compensate variations in 15 spacing loss, variations in effective gap loss
and variations in amplitude-frequency characteristics due thereto in the
magnetic-electric transforming reproduc- tion process, which are produced
by the floating method. Therefore the contact recording method is suitable
for 20 the disk device, which is an embodiment of the present invention
working with a plurality of rotation speeds. 



Fig. 7 shows reading output of the magnetic heads. As indicated thereby,
when the inductive 25 magnetic head is used, it is difficult to avoid
varia- tions in amplitude-frequency characteristics, i.e. variations in the
reading output, in the magnetic- electric transforming reproduction process
due to    - 29 differences in rotation speeds of the magnetic head and the
magnetic disk. On the contrary, since variations in the reading output are
small for an MR reading head, no 



compensating circuit therefor is necessary. The MR 5 reading head is
suitable for the magnetic disk device, which is an embodiment of the
present invention working with a plurality of rotation speeds. Fig. 8 is a
flow chart showing a procedure for starting the disk device, which is an
embodiment of the 10 present invention. In the disk device initialization
is effected (Step 51) after start of power supply from the battery
incorporating information processing device, which is the device of higher
rank thereof. Thereafter it 15 transmits the information on maximum
currents Imax required in the different working modes to the device of
higher rank in a predetermined order. In the present 



embodiment it is transmitted in an order of 1.5 A, 0.9 A and 0.6 A, i.e.
with decreasing maximum current.  There- 20 fore information of 1.5 A is
offered at first (Step 52). Then it waits for a start command from the
device of higher rank allowing an operation in the 1.5 A working mode for a
predetermined time (Step 53). When the start command has been received, the
1.5 A working mode is set 25 (Step 54) to start the spindle motor (Step 61)
and to effect an initial seek operation (Step 62). When the start has been
terminated, this is reported (Step 63) and it waits for read/write and
other commands of    



30 higher rank (Step 64). One of the other commands of higher rank is e.g.
a command of changing the working mode. When this command has been
received, the procedure returns to Step 51 to set a new working mode. 5 If
it receives a command of read/write, it executes that command (Step 65) and
the procedure returns to Step 64 to wait for a succeeding command. If no
start command in the 1.5 A working mode has been received when a
predetermined period of time 10 has lapsed, 0.9 A information is offered to
the device of higher rank (Step 55). Then it waits for a start command from
the device of higher rank allowing an operation in the 0.9 A working mode
for a predetermined 



time (Step 56). When the start command has been 15 received, the 0.9 A
working mode is set (Step 57) to effect a series of the operations defined
in Steps 61 to 65. If no start command in the 0.9 A working mode has been
received when a predetermined period of time has lapsed, 0.6 A information
is offered to the device of 20 higher rank (Step 58). Then it waits for a
start com- mand from the device of higher rank allowing an opera- tion in
the 0.6 A working mode for a predetermined time (Step 59). When the start
command has been received, the 0.6 A working mode is set (Step 60) to
effect a 25 series of the operations defined in Steps 61 to 65. If no start
command in the 0.6 A working mode has been received when a predetermined
period of time 



has lapsed, it is checked whether the maximum current    - 31 - information
has been transmitted to the device of higher rank repeatedly a
predetermined number of times or not (Step 66). In case where it has been
not transmitted thereto repeatedly a predetermined number of times, the 5
procedure returns to Step 52 to repeat a series of transmission operations.
On the contrary, if it has been transmitted thereto repeatedly a
predetermined -number of times, the procedure is terminated. In the
embodiment indicated in Fig. 8, once a 



10 working mode is set, the operation is continued in the same working
mode, until either the power supply is switched off or a command of
changing the working mode is received. Fig. 9 shows another embodiment, in
which 15 power supply capacity of the device of higher rank is used most
efficiently. Power supply conditions of the device of higher rank are not
always constant. In case where the device of higher rank drives a number of
peripheral devices connected therewith, the power supply 20 capacity
thereof to the disk device is small. On the contrary, in case where it
drives few peripheral devices, the power supply capacity thereof to the
disk device is great. Consequently, in the embodiment 



indicated in Fig. 9, the disk device inquires at every 25 opportunity of
the device of higher rank about the power supply conditions thereof and
works in a low performance working mode, in which power consumption is
small, when the power supply capacity of the device of higher rank    - 32
- is small, while it works in the high performance working mode, changing
the working mode, when the power supply capacity of the device of higher
rank is great. Differences from the procedure indicated in 5 Fig. 8 are
that the procedure returns to Step 52 after 



execution of the command in Step 65 and that operation is effected in a
working mode with a speed as high as possible, every time a command of
higher rank is issued. Fig. 10 shows a processing flow of the power 10
source incorporating information processing device acting as a device of
higher rank, corresponding to the operations of the disk device indicated
in Figs. 8 and 9. When power source is switched on, power supply 15 to the
disk device is started (Step 71). The maximum current information from the
disk device is taken-in (Step 72) and it is checked whether the current
Imax thus taken-in can be supplied or not (Step 73). If it can be supplied,
a start command is issued (Step 74). 



20 If it cannot be supplied, the procedure proceeds to Step 75 and it is
checked whether information of a series of currents is taken-in a
predetermined number of times or not. In case where it is not taken-in a
predetermined number of times, the procedure returns to Step 72 and 25
current information transmitted succeedingly thereto is taken-in. If it is
verified in Step 75 that it has been taken-in the predetermined number of
times, power supply to the disk device is interrupted (Step 76) and the
33 start of the disk device is stopped. In case where the 



start is stopped, it may be displayed in Step 76 that the connected disk
device cannot be driven by this device of higher rank. 5            Fig. 11
shows a processing flow indicating another embodiment of the starting
procedure of the disk device 101. Fig. 11 corresponds to the case where the
predetermined number is set at 2 in Step 66 in Fig. 8. 10 In the embodiment
indicated in Fig. 11, the information on a series of necessary maximum
currents is transmitted at least twice to the device of higher rank. It is
possible also that, on the device of higher rank side, when the information
on the series of necessary maximum 15 currents is first received, nothing
is selected and it 



is monitored what current is requested and when it is secondly received, an
arbitrary working mode, in which power can be supplied, is selected from
the information on the series of necessary maximum currents and sent to 20
the disk device. Steps 81 to 89 are identical to Steps 52 to 60,
respectively. Fig. 12 shows a starting procedure of a magnetic tape device.
Content of the operation is basically identical to that indicated in Fig.
11. 25 Operation steps having same contents are referred to by same step
numbers. When power is supplied from an external device, which is the
device of higher rank, to the tape  



34 device, it is initialized (Step 91). Then information on necessary
maximum currents is transmitted to the device of higher rank in an order of
decreasing currents and the tape device waits for a starting command from
the 5 device of higher rank, every time it is transmitted (Steps 52 to 59).
When a starting command of 1.5 A working mode is received in Step 53, a
high speed forwarding/rewinding working mode is set (Step 92). When a
starting command of 0.9 A working mode is 10 received in Step 56, a middle
speed forwarding/rewinding working mode is set (Step 93). When a starting
command 



of 0.6 A working mode is received in Step 59, a low speed
forwarding/rewinding working mode is set (Step 94). The Steps 94, 95 and 96
in the second current 15 information transmission cycle correspond to the
Steps 92, 93 and 94, respectively. When the working mode is set, the tape
device waits for a succeeding command of higher rank (Step 98). When the
command is received, fast forwarding/rewinding 20 is effected in the mode
thus set and processing of read/write and other commands (Step 99) is
executed. Thereafter the procedure returns to Step 98. If the device of
higher rank side responds during the first transmission cycle of the
information 25 on the series of currents, the following transmission 



cycles of the information on currents are not executed, after the
corresponding starting command has been received. It is possible also that,
on the device of    35 higher rank side, when the information on the series
of necessary maximum currents is first received, nothing is selected and it
is monitored what current is requested and when it is secondly received, an
arbitrary working 5 mode, in which power can be supplied, is selected from
the information on the series of necessary maximum currents and sent to the
magnetic tape device. 



The tape device can be operated at a working mode with a speed as high as
possible, every time a 10 command of higher rank is issued, by constructing
the procedure so as to return to Step 52 after Step 99 in Fig. 12. Further
there is a command of changing the working mode among other commands
processed in Step 99. 15 When the operator commands to issue this command,
the procedure returns to Step 52 and thus the working mode can be set again
in accordance with power supply conditions of the device of higher rank.
Fig. 13 shows a processing flow indicating an 20 embodiment, in which also
the operator can select the working mode. 



When the power source is switched on, power is supplied from the power
source incorporating information processing device, which is the device of
higher rank, 25 to the disk device (Step 121). On the disk device side,
when power is supplied, information on a series of necessary maximum
currents Imax is offered to the device    - 36 of higher rank once or by
repetition of two times, as indicated in Fig. 8 or Fig. 11. In this case
the currents are sent in a decreasing order. On the device of higher rank
side the maximum 



5 current information from the disk device is taken-in (Step 122) and it is
checked whether the current Imax thus taken-in can be supplied or not (Step
123). When it can be supplied, a start command is issued (Step 124). When
current according to the first received 10 current information cannot be
supplied, information on a series of currents is taken-in in Steps 125 and
126. A table showing a relation between the current which can be supplied
and the working mode, and a request of input of an instruction from the
operator to select the 15 working mode is displayed (Step 127), as
indicated in Fig. 14.  Then the disk device waits for the instruction from
the operator (Step 128). The operator sees the display indicated in Fig. 14
and selects a drivable 



working mode. After it has been judged in Step 123 that 20 the current
according to the current information cannot be supplied, the disk device is
controlled so as not to accept the second current information and
followings in Step 122. In this way the operator can select a desired 25
working mode to start the disk device, after he has recognized selectable
working modes of the disk device. The disk device may be one of various
devices, such as a magnetic disk device, an optical disk device,
Substitute sheet - 25 November 1997 



37 an opto-magnetic disk device, etc. and the present invention can be
applied to any one of them. Although a disk device is taken as an example
if Figs. 13 and 14, the present invention can be applied 5 also to a
magnetic tape device. Fig. 15 shows another embodiment of the disk device
according to the present invention, in which the working mode is set by
means of a switch. In Fig. 15, a disk device 1 comprises a 10 magnetic disk
2 acting as recording medium; a motor 3 supporting rotatably the disk 2; a
head 5 for reading/ writing signals from/in the disk 2; a head driving
mechanism 6; a motor driving circuit 4 for driving the 



motor 3; and a head driving circuit 7 connected with the 15 head driving
mechanism 6. Both the driving circuits 4 8b      8c and 7 are connected
with a CPU 8 and ROM and RAM are connected with the CPU 8. At least one
switch 9 to 12 is connected with the CPU 8. In the case indicated in Fig.
15 four 20 switches are connected therewith. Various working modes can be
set by combining these switches, as described later. Two working modes are
set within the CPU 8, one of which is a quick mode, in which the motor 25
rotation speed is 7200 rpm and the seek moving time of the head is 8 ms,
while the other is a silent mode, in 



which the motor rotation speed is 5400 rpm (current at starting being same
as in quick mode) and the seek    - 38 - moving time of the head is 10 ms
(acceleration and deceleration being same as in quick mode). The quick mode
is a mode, in which a high speed transfer and a high speed access can be
realized in the disk device, 5 while the silent mode is a mode, in which a
low power consumption and a low noise can be realized. The two modes are
designed so as to be able to be selected by setting the switches 9 to 12
connected 



with the CPU 8. For example, when the switch 9 is set 10 at an OFF state,
the working mode is the quick mode, while when it is set at an ON state,
the disk device is operated in the silent mode. In the case indicated in
Fig. 15, since four switches 9 to 12 are connected in Fig. 15, upto 24
different working modes can be set by 15 combining these switches. In the
case indicated in Fig 15, since setting of the working mode is effected by
means of the switches 9 to 12, such as e.g. jumper switches, disposed on
the disk device, they cannot be set by commands from the device of higher
rank (system). 20            Fig. 16 shows an outline of the construction
of the disk device, which is a second embodiment of the present invention,
provided with a driving circuit 



effecting switching of the working mode by commands from the device of
higher rank (system). 25            In Fig. 16, a disk device 1 comprises a
disk 2 acting as recording medium; a motor 3 supporting rotatably the disk
2; a head 5 for reading/writing signals from/in the disk 2; a head driving
mechanism 6;    39 - a motor driving circuit 4 for driving t head driving
circuit 7 connected with the head driving mechanism 6. Both the driving
circuits 4 and 7 are 8b      8c 



connected with a CPU 8 and ROM and RAM are connected 5 with the CPU 8. Two
working modes, which are a quick mode and a silent mode, are set within the
CPU 8 and a switching circuit 15 for switching these two working modes by
commands from the device of higher rank (system) is 10 incorporated. The
switching circuit 15 within the CPU 8 is equivalent to the switching
circuits 9 to 12 indicated in Fig. 15, but it is constructed by logic
circuits so that various working modes are determined by a setting state of
input data thereto. 15             Fig. 17 shows an outline of the
construction of the disk device, which is another embodiment of the present
invention, in which a current limiting circuit 



16 is incorporated in a CPU 8. In Fig. 17, a disk device 1 comprises a disk
2 20 acting as recording medium; a motor 3 supporting rotatably the disk 2;
a head 5 for reading/writing signals from/in the disk 2; a head driving
mechanism 6; a motor driving circuit 4 for driving the motor 3; and a head
driving circuit 7 connected with the head driving 25 mechanism 6. Both the
driving circuits 4 and 7 are 8b      8c connected with the CPU 8 and ROM
and RAM are connected with the CPU 8.    



40 Two working modes, which are a quick mode and a silent mode, are set
within the CPU 8 and further a switching circuit 15 for switching these two
working modes by commands from the device of higher rank and a 5 current
limiting circuit 16 determining separately maximum currents flowing through
the two driving circuit 4 and 7 are incorporated. The maximum currents
determined by the current limiting circuit 16 are linked with the working
mode 10 selected by setting the switching circuit 15. For example, in case
where the quick mode is selected, the maximum current is not limited,
current flowing through the motor driving circuit 4 being 2 A and current 



flowing through the head driving circuit 7 being 0.9 A 15 (values
determined by respective voltage and resist- ance), while in case where the
silent mode is selected, the maximum currents are so selected that current
flowing through the motor driving circuit 4 is 1.5 A and current flowing
through the head driving circuit 7 is 20 0.6 A. Fig. 18 shows an outline of
the construction of the disk device, which is another embodiment of the
present invention, in which current limiting circuits 17 and 18 are
incorporated in different driving circuits 4 25 and 7, respectively. In
Fig. 18, a disk device 1 comprises a disk 2 acting as recording medium; a
motor 3 supporting 



rotatably the disk 2; a head 5 for read/write signals    41 - from/in the
disk 2; a head driving mechanism 6; a  motor driving circuit 4 for driving
the motor 3; and a head driving circuit 7 connected with the head driving
mechanism 6. Both the driving circuits 4 and 7 are 8b      8c 5 connected
with the CPU 8 and ROM and RAM are connected with the CPU 8. Two working
modes, which are a quick mode and a silent mode, are set within the CPU 8
and further a 



switching circuit 15 for switching these two working 10 modes by commands
from the device of higher rank (system) is incorporated. The maximum
currents determined by the current limiting circuits 17 and 18 are linked
with the working mode selected by setting the switching circuit 15. For 15
example, in case where the quick mode is selected, the maximum current is
not limited. In this case the motor 3 and the head driving mechanism 6 are
driven by the driving circuits 4 and 7, respectively, and the maximum
currents flowing through the driving circuits 4 and 7 20 are so set that
current flowing through the motor driving circuit 4 is 2 A and current
flowing through the head driving circuit 7 is 0.9 A (values determined by 



respective voltage and resistance), while in case where the silent mode is
selected, the maximum currents are so 25 set that the motor 3 and the head
driving mechanism 6 are driven by current flowing through the motor driving
circuit 4 of 1.5 A and current flowing through the head driving circuit 7
of 0.6 A, respectively. Consequently    - 42 each of the motor driving
circuit and the head driving circuit can be set in two different ways, but
content of operation thereof is equivalent to that described for the
driving circuit in Fig. 17. 



5            Figs. 19A and 19B show variations in the rotation speed (Fig.
19A) and the current (Fig. 19B), respectively, at starting the disk motor
(until the rotation speed reaches a stationary state) in the above
embodiment. 10            Solid lines indicate variations in the motor
rotation speed v and the current I, respectively, with respect to lapse of
time in a quick mode, corresponding to the quick modes in Figs. 15, 16, 17
and 18. Chain- dotted lines indicate variations in the motor rotation 15
speed and the current, respectively, with respect to lapse of time in a
silent mode without current limita- tion, corresponding to the silent modes
in Figs. 15 and 16. Broken lines indicate variations in the motor 



rotation speed and the current, respectively, with 20  respect to lapse of
time in a silent mode with current limitation, corresponding to the silent
modes in Figs. 17 and 18. Although operations at motor start are indicated
in Figs. 19A and 19B, when the motor is stopped, operation is inversed. 25
Figs. 20A and 20B show variations in the moving speed of the head (Fig.
20A) and the current flowing through the head driving circuit (Fig. 20B) at
moving the head in the above embodiments.    43 



Solid lines indicate variations in the head moving speed v and the current
I, respectively, with respect to lapse of time in a quick mode,
corresponding to the quick modes in Figs. 15, 16, 17 and 18. Chain- 5
dotted lines indicate variations in the head moving. speed and the current,
respectively, with respect to lapse of time in a silent mode, acceleration
and deceleration being same as those in the quick mode and maximum speed
being limited at vl, corresponding to the 10 silent modes in Figs. 15 and
16. Broken lines indicate variations in the moving speed and the current,
respectively, with respect to lapse of time in a silent mode, the maximum
speed being not limited and the current at acceleration and deceleration
being limited 



15 at Il and-Il, respectively, corresponding to the silent modes in Figs.
17 and 18. Minus current is made flow for braking and in the high speed
access mode a current as high as that at starting is made flow at stopping.
Beside them another silent mode is conceiv- 20 able, in which both the
maximum speed and the current at acceleration/deceleration are limited.
Further, although it is supposed in the above embodiment that there are two
kinds of working modes, quick mode and silent mode, the system can be so 25
constructed that three kinds of modes, which are a normal (standard) mode,
a quick mode, in which higher speed access is possible than in the normal
mode, and a silent mode, in which lower speed and lower power 



44 consumption are possible than in the normal mode, or more than three
kinds of modes are selected by switching. In the above embodiments, since
the speed of 5 the disk motor is constant, unless mode change is effected
in the course, once the system is started in a certain mode, operation of
increasing the rotation speed of the motor upto a predetermined value for
every access is unnecessary and therefore no delay in the read/write 10
operation attendant on the increasing the rotation speed 



of the motor upto the predetermined value is produced. Fig. 21 is a flow
chart for explaining working relation between the disk device and the
device of higher rank according to the present invention. 15            At
first the power source in the main body of the device of higher rank
provided with the disk device is switched on (701) and the power source of
the power source of the disk device is switched on (702). Directly after
switch-on of the power sources 20 the working mode is set by using
information stored in ROM and a stable state is established (703). Directly
thereafter, information of the working mode at the termination of the last
operation stored on the surface of the disk is loaded to store the
information in the 



25 RAM (704). A stable working mode is established in the working mode
based on the information stored in the RAM (705). At this time the normal
mode setting    45 intermediate property between the quick mode and the
silent mode is set previously in the ROM. In case where the working mode of
the disk device is changed (706), at first a list of the working 5 modes
stored in the ROM of the disk device is loaded from the device of higher
rank (707). The loaded list of the working modes is displayed on the
display of the 



device of higher rank in such a manner that the working mode set for the
preceding operation is specifically 10 stressed, and the user selects one
working mode (708). Together therewith, the information of the working mode
stored in the RAM is replaced by information of the working mode selected
by the user and in this way the working mode is established (709). 15
In case where the working mode is changed by the user as described above,
it is waited that a stable working state is again established. Thereafter
file access from the device of higher rank to the disk device is started in
the working 20 mode thus set to effect required data transfer. Further,
when termination processing of the 



device of higher rank begins (710), information on the last working mode
stored in the RAM of the disk device is recorded in a specified place on
the surface of the 25 disk (711), which is " the working mode of the
preceding operation " used next time at restarting the device of higher
mode.    - 46 - When all the processings have been terminated, the power
sources of the device of higher rank and the disk device are switched off
(712). Next, as still another embodiment of the 



5 present invention, an example will be explained, in which the disk device
indicated in Fig. 16, 17 or 18 is applied to a computer using both a
commercial AC power source and an incorporated battery power source, e.g. a
notebook type personal computer. 10            In general, concerning power
supply form for a notebook type personal computer, when it is used as a
portable computer, it utilizes an incorporated battery and when it is used
in an office, etc., it utilizes commercial 100 V AC. In case where it
utilizes the 15 incorporated battery as a portable computer, power
consumption of the system has direct influences on continuous utilization
time.  Since it can be said that longer continuous utilization time is more
desirable, it 



can be said that a disk device having a smaller power 20 consumption has a
better performance. On the other hand, when 100 V AC is utilized as power
source, since it is not necessary to pay special attention on power
consumption, in so far as power supply is not stopped, it can be said that
a disk device, by which read/write 25 of information is effected with a
higher speed, has a better performance. Therefore, for a notebook type
personal computer, it can be said that a disk device having a small power
consumption when it is used as a    47 



portable computer, for which a high speed file access is possible if
necessary, is convenient to use. However, heretofore, there were only disk
devices having either one of the properties or an inter- 5 mediate property
which is neither of them. This is because it is difficult technically to
achieve a small power consumption and a high speed access at the same time.
Therefore, in the present embodiment, a disk 10 device provided with a
plurality of working modes described in the above different embodiments is
applied to notebook type personal computer so that the quick mode of a high
speed access is selected automatically when a commercial AC power source is
used as power 



15 supply of the personal computer and the attached disk device, while the
silent mode of a low power consumption is selected automatically when an
incorporated battery power source is used. That is, there is disposed at
first a detect- 20 ing portion 37 for measuring voltage of an external
power source as shown in Fig. 5 in an electric power receiving portion of
the device of higher rank as a mechanism for sensing whether power is
supplied from the external power source. Usually, in a notebook type 25
personal computer, there is disposed a diode for pre- venting reverse
current from the battery to the commercial power source and when the
external commercial power supply is stopped, power supply is automatically 



48 switched over to the incorporated battery. Thus, in case where it is
sensed by the sensing mechanism that no power is supplied from the external
power source, i.e. the device of higher rank is driven by the incorporated
5 battery, a signal thus obtained is monitored by the CPU in the device of
higher rank, the CPU in the device of higher rank gives automatically the
disk device a command to work with the working mode (silent mode) aiming a
low power consumption. On the contrary, in 10 case where the sensing
mechanism has sensed that power 



is supplied from the external power source, the CPU in the device of higher
rank gives automatically the disk device a command to work with the working
mode (quick mode) aiming a high speed file access. In this way, the 15
relation between the utilization form of the notebook type personal
computer and the working mode of the disk device is such that the working
mode of low power consumption is set automatically, when it is used as a
portable computer, while the working mode of high speed 20  file access is
set automatically, when it is used in a office. However, when the operator
wishes to change the working mode, he can set freely at any time a desired
working mode by inputting a working mode 



25 changing command e.g. by means of a keyboard. As a magnetic disk device
for realizing the present invention, a device using a magnetic head having
a negative pressure slider structure can be utilized.    49 This magnetic
head is in contact with the surface of the disk, when the magnetic disk
remains immobile, but it keeps a constant floating amount independently
from the number of turns (in either working mode), when the 5 rotation
speed of the disk is higher than a predeter- mined value. 



Although, in the above embodiments, explana- tion has been made, using a
magnetic disk device, the present invention can be applied as well to an
optical 10 disk device and an opto-magnetic disk device. Further the
present invention is not rest- ricted to those described in the
embodiments, but it includes various modifications in the scope defined in
the claims.    -50- CLAIMS 2.          An information storing device
comprising: 



connecting means with an information processing device, said connection
means including electric power supplying lines and data transferring lines;
means for registering a plurality of working modes at
recording/reproduction, said plurality of working modes including different
rotation speeds of a motor for driving a recording medium; means for
selecting one of said plurality of working modes; and means for effecting
recording/reproduction in a working mode thus selected. 3.          An
information storing device comprising: connecting means with an information
processing device, said connecting means including electric power supplying
lines and data transferring lines; 



means for registering a plurality of working modes at
recording/reproduction, said plurality of working modes including different
values in one or a plurality of rotation speed of a motor for driving a
recording medium, starting time of said motor for driving the recording
medium, and access time to the recording medium; means for selecting one of
said plurality of working modes; and    -51- means for effecting
recording/reproduction in a working mode thus selected: 4.          An
information storing device according to Claim 2 or 3, 



wherein said plurality of working modes further include information on
necessary maximum currents required in every working mode. 5.          An
information storing device according to Claim 4, further comprising means
for transmitting successively said information on necessary maximum
currents to said information processing device, wherein said means for
selecting includes means for selecting a corresponding working mode
according to a starting command sent from said information processing
device, responding to said transmitted information on necessary maximum
currents. 6.          An information storing device according to Claim  5,
wherein said means for transmitting successively said information on
necessary maximum currents to said information processing device includes
means for transmitting it in an order of decreasing currents.  



-52- 7.          An information storing device according to Claim 5,
wherein said means for transmitting successively said information on
necessary maximum currents to said information processing device includes
means for transmitting repeatedly a predetermined number of times said
information on a series of necessary maximum currents corresponding to said
plurality of working modes. 8.          An information storing device
according to Claim 2 or 3, wherein said means for selecting one of said
plurality of working modes includes means for selecting one of said
plurality of working modes according to a command from said information
processing device. 9.          An information storing device according to
Claim 2 or 3, 



wherein said means for selecting one of said plurality of working modes
comprises: data setting means for setting data corresponding to said
working modes; and means for selecting automatically one of said plurality
of working modes, based on said data set by said data setting means. 11.
An information storing device comprising: connecting means with an
information processing device, said connecting means including electric
power supplying lines and data transferring lines;    -53- 



head controlling means for controlling movement of a head for
reading/writing data; means for registering a plurality of working modes
controlling said recording medium controlling means and said head
controlling means at recording/reproduction; means for selecting one of
said plurality of working modes; means for effecting recording/reproduction
in a working mode thus selected; and means for switching rotation speed of
a recording medium driving motor by more than one step, based on said
working modes. 12.         An information storing device comprising:
connecting means with an information processing device, said connecting
means including electric power supplying lines and data 



transferring lines; head controlling means for controlling movement of a
head for reading/writing data; means for registering a plurality of working
modes controlling said recording medium controlling means and said head
controlling means at recording/reproduction; means for selecting one of
said plurality of working modes; means for effecting recording/reproduction
in a working mode thus selected; and    -54- 



means for switching starting time of a recording medium driving motor by
more than one step, based on said working modes. 13.         An information
storing device according to Claim 11 or 12, wherein said head controlling
means includes means for switching moving speed of said head by more than
one step, based on said working modes. 14.         An information storing
device according to Claim 11 or 12, wherein said means for selecting one of
said plurality of working modes includes means for selecting one of said
plurality of working modes according to a command from said information
processing device. 15.         An information storing device according to
Claim 11 or 12, wherein said means for selecting one of said plurality of
working modes comprises: 



data setting means for setting data corresponding said working modes; and
means for selecting automatically one of said plurality of working modes,
based on said data set by said data setting means. 19.         An
information processing device comprising: an information storing device
including; connecting means with an information processing device, said
connecting means including electric power supplying lines and data
transferring lines;    -55 means for registering a plurality of working
modes at 



recording/reproduction; means for selecting one of said plurality of
working modes; and means for effecting recording/reproduction in a working
mode thus selected; means for feeding said information storing device with
electric power; detecting means for detecting whether said information
processing device is driven by a commercial power source or by an
incorporated power source; and means for issuing a command to said
information storing device so as to work in a working mode, in which it
works with a high speed, when said detecting means detects that it is
driven by said commercial power source, and to work in another working
mode, in 



which it works with a low speed, when said detecting means detects that it
is driven by said incorporated power source. 22.         An information
processing device comprising: an information storing device including;
connecting means with an information processing device, said connecting
means including electric power supplying lines and date transferring lines;
-56- means for registering a plurality of working modes at
recording/reproduction; means for selecting one of said plurality of 



working modes; means for effecting recording/reproduction in a working mode
thus selected; and means for transmitting successively information on
necessary maximum currents required by every working mode to said
information processing in an order of decreasing current; means for
monitoring that said information on necessary maximum currents is
transmitted, making a round thereof; and means for feeding said information
storing device with electric power. 23.         An information processing
device comprising: an information storing device including;
connecting-means with an information processing device, said connecting
means including electric power supplying lines and data 



transferring lines; means for registering a plurality of working modes at
recording/reproduction; means for selecting one of said plurality of
working modes; means for effecting recording/reproduction in a working mode
thus selected; and    57 means for transmitting successively information on
necessary maximum currents required by every working mode to said
information processing device in an order of decreasing current; 



means for feeding said information storing device with electric power.
means for displaying a list of said plurality of working modes and currents
which can be supplied on a display device, in case where current according
to said information on necessary maximum currents first received cannot be
supplied; and means for issuing a starting command in a working mode
specified by an instruction input from an operator. 25.         An
information processing device comprising: an information storing device,
said information storing device including; means for registering a
plurality of working modes at recording/reproduction; and means for
selecting one of said plurality of working 



modes; detecting means for detecting whether said information processing
device is driven by a commercial power source or by an incorporated power
source; and    -58- means for issuing a command to said information storing
device so as to work in a working mode, in which it works with a high
speed, when said detecting means detects that it is driven by said
commercial power source, and to work in another working mode, in which it
works with a low speed, when said detecting means detects that it is driven
by said incorporated power source. 



27.         An information processing device comprising: an information
storing device, said information storing device including; means for
registering a plurality of working modes at recording/reproduction; means
for selecting one of said plurality of working modes; and means for
transmitting successively information on necessary maximum currents
required by every working mode to said information processing device in an
order of decreasing current; means for checking whether current according
to said information on necessary maximum currents can be supplied or not;
and means for selecting one of said plurality of working modes, responding
to a result obtained by said means for checking, to 



effect recording/reproduction.    59 29.         A method for controlling
an information storing device comprising: a step of transmitting
successively information on necessary maximum currents required in each of
working modes at recording/reproduction to an information processing device
which is a device of higher rank in an order of decreasing current; a step
of waiting for a predetermined period of time for response to said
information on necessary maximum currents from said device of higher rank
for every transmission; 



a step of setting a corresponding working mode, when a starting command is
received from said device of higher rank for said predetermined period of
time; and a step of effecting recording/reproduction in said set working
mode. 30.         A method for controlling an information storing device
comprising: a step of transmitting successively information on necessary
maximum currents required in each of working modes at
recording/reproduction to an information processing device which is a
device of higher rank, in an order of decreasing current, every time data
recording/reproduction processing is terminated;   



-60- a step of waiting for a predetermined period of time for response to
said information on necessary maximum currents from said device of higher
rank for every transmission; a step of setting a corresponding working
mode, when a starting command is received from said device of higher rank
for said predetermined period of time; and a step of effecting
recording/reproduction in said set working mode. 32.         A method for
controlling an information processing device comprising: a step of
transmitting successively information on necessary maximum currents
required in each of a plurality of working 



modes at recording/reproduction of data in an information storing device to
an information processing device which is a device of higher rank in an
order of decreasing current; a step of checking whether current according
to said information on necessary maximum currents can be supplied or not; a
step of issuing a starting command to said information storing device, in
case where it can be supplied according to result of said step of checking;
-61- a step of setting a working mode corresponding to said starting
command; and 



a step of effecting recording/reproduction in said set working mode. 33.
A method for controlling an information processing device comprising: a
step of transmitting successively information on necessary maximum currents
required in each of a plurality of working modes at recording/reproduction
of data in an information storing device to an information processing
device which is a device of higher rank, in an order of decreasing current,
every time data recording/reproduction processing. is terminated; a step of
checking whether current according to said information  on necessary
maximum currents can  be supplied or not; a step of issuing a starting
command to said information storing device, in case where it can be
supplied according to result of 



said step of checking; a step of setting a working mode corresponding to
said starting command; and a step of effecting recording/reproduction in
said set working mode.    Date: .... 90May-1998 -62- 34.         A method
for controlling an information processing device, comprising: a step of
detecting whether said information processing device is driven by a
commercial power source or by an incorporated 



power source; and a step of setting an information storing device so as to
effect data reading/reproduction in a high speed mode, when it is detected
that it is driven by said commercial power source, according to result of
said step of detecting, and to effect data reading/ reproduction in a low
speed mode, when it is detected that it is driven by said incorporated
power source, each mode including a working sequence from start to end
recording/reproduction in which recording or reproduction is carried out
with a predetermined set of working states when a recording/reproduction
command is received. 35.       A method for controlling an information
processing device, comprising: a step of reading out a predetermined
working mode among a plurality of working modes at recording/reproduction
stored in 



an ROM to effect initial setting, each working mode including a working
sequence from start to end for recording/reproduction in which recording or
reproduction is carried out with a predetermined set of working states when
a recording/reproduction command is received;    -63- a  step  of reading
out  a  working  mode  at recording/reproduction of preceding use recorded
on a disk surface; a step of changing said working mode at
recording/reproduction, if necessary; and a  step  of  recording  a
working  mode  at reading/reproduction of final use in a predetermined area
of said disk 



surface before switching-off power supply. 36.         An information
storing device comprising: connecting means with an information processing
device, said connecting means including electric power supplying lines and
data transferring lines; means for registering a plurality of working modes
at recording/reproduction, each working mode including a working sequence
from start to end for recording/reproduction in which recording or
reproduction is carried out with a predetermined set of working states when
a recording/reproduction command is received; means for selecting one of
said plurality of working modes; and means for effecting
recording/reproduction in a working mode thus selected. 



37.         An information storing device according to Claim 36, wherein
said plurality of working modes include different rotation speeds of a
motor for driving a recording medium.    -64- 38.         An information
storing device according to Claim 36, wherein said plurality of working
modes include different values in one or a plurality of rotation speed of a
motor for driving a recording medium, starting time of said motor for
driving the recording medium, and access time to the recording medium. 39.
An information storing device according to Claim 36, wherein said plurality
of working modes include information on 



necessary maximum currents required in every working mode. 40.         An
information storing device according to Claim 39, further comprising means
for transmitting successively said information on necessary maximum
currents to said information processing device, wherein said means for
selecting includes means for selecting a  corresponding working mode
according to a starting command sent from said information processing
device, responding to said transmitted information on necessary maximum
currents. 41.         An information storing device according to Claim 40,
wherein said means for transmitting successively said information on
necessary maximum currents to said information processing device includes
means for transmitting it in an order of decreasing currents.   



-65- 42.         An information storing device according to Claim 40,
wherein said means for transmitting successively said information on
necessary maximum currents to said information processing device includes
means for transmitting repeatedly a predetermined number of times said
information on a series of necessary maximum currents corresponding to said
plurality of working modes. 43.         An information storing device
according to Claim 36, wherein said means for selecting one of said
plurality of working modes includes means for selecting one of said
plurality of working modes according to a command from said information
processing device. 44.         An information storing device according to
Claim 36, wherein said means for selecting one of said plurality of working
modes 



comprises: 45.         An information storing device comprising: connecting
means with an information processing device, said connecting means
including electric power supplying lines and data transferring lines;
recording medium controlling means for controlling movement of a recording
medium; head controlling means for controlling movement of a head for
reading/writing data;    -66- means for registering a plurality of working
modes 



controlling said recording medium controlling means and said head
controlling  means at recording/reproduction, each working mode including
a  working  sequence  from   start  to  end  for recording/reproduction in
which recording or reproduction is carried out with   a  predetermined
set  of  working  states  when   a recording/reproduction command is
received; means for selecting one of said plurality of working modes; and
means for effecting recording/reproduction in a working mode thus selected.
46.         An information storing device according to Claim 45, wherein
said  recording medium controlling means includes means for switching
rotation speed of a recording medium driving motor by more than one step,
based on said working modes. 



47.         An information storing device according to Claim 45, wherein
said recording medium controlling means includes means for switching
starting time of a recording medium driving motor by more than one step,
based on said working modes. 48.         An information storing device
according to Claim 45, wherein said head controlling means includes means
for switching moving speed of said head by more than one step, based on
said working modes.    -67- 49.         An information storing device
according to Claim 45, wherein said means for selecting one of said
plurality of working modes 



includes means for selecting one of said plurality of working modes
according to a command from said  information processing device. 50.
An information storing device according to Claim 45, wherein said means for
selecting one of said plurality of working modes comprises: data setting
means for setting data corresponding said working modes; and means for
selecting automatically one of said plurality of working modes, based on
said data set by said data setting means. 51.         An information
processing device comprising: an information storing device including;
connecting means with an information processing device, said connecting
means including electric power supplying lines and data transferring lines;



means for registering a plurality of working modes at
recording/reproduction, each working mode including a working sequence from
start to end for recording/reproduction in which recording or reproduction
is carried out with a predetermined set of working states when a
recording/reproduction command is received; means for selecting one of said
plurality of working modes; and    -68 means for effecting
recording/reproduction in a working mode thus selected; and means for
feeding said information storing device with 



electric power. 52.         An information processing device according to
Claim 51, wherein said means for selecting one of said plurality of working
modes comprises: data setting means for setting data corresponding said
working modes; and means for selecting automatically one of said plurality
of working modes, based on said data set by said data setting means. 53.
An information processing device according to Claim 51, wherein said means
for selecting one of said plurality of working modes includes means for
selecting one of said plurality of working modes according to  a command
from said information processing device. 54.         An information
processing device according to Claim 51, further comprising: 



detecting means for detecting whether said information processing device is
driven by a commercial power source or by an incorporated power source; and
means for issuing a command to said information storing device so as to
work in a working mode, in which it works with a high speed, when said
detecting means detects that it is driven by said commercial power source,
and to work in another working mode, in which it works with a low speed,
when said detecting means detects that it is driven by said incorporated
power source.    -69- 55.         An information processing device
according to Claim 51, 



wherein said information storing device further comprises means for
transmitting successively information on necessary maximum currents
required by every working mode to said information processing device,
wherein said means for selecting includes means for selecting a
corresponding working mode according to a starting command sent from said
information processing device, responding to said transmitted information
on necessary maximum currents. 56.         An information processing device
according to Claim 55, further comprising means for transmitting said
information on necessary maximum currents in an order of decreasing
currents. 57.         An information processing device according to Claim
56, further comprising means for monitoring that said information on
necessary maximum currents is transmitted, making a round thereof. 58.
An information processing device according to Claim 56, 



further comprising: means for displaying a list of said plurality of
working modes and currents which can be supplied on a display device, in
case where current according to said information on necessary maximum
currents first received cannot be supplied; and means for issuing a
starting command in a working mode specified by an instruction input from
an operator.    . 70 59.         An information processing device
comprising: an information storing device, said information storing 



device including; means for registering a plurality of working modes at
recording/reproduction, each working mode including a working sequence from
start to end for recording/reproduction in which recording or reproduction
is carried out with a predetermined set of working states when a
recording/reproduction command is received; and means for selecting one of
said plurality of working modes; and means for checking power supplying
capacity to said information storing device; and means for selecting one of
said plurality of working modes, responding to a result. obtained by said
means  for checking, to effect recording/reproduction. 60.         An
information processing device according to Claim 59, 



wherein said means for checking power supplying capacity comprises:
detecting means for detecting whether said information processing device is
driven by a commercial power source or by an incorporated power source; and
means for issuing a command to said information storing device so as to
work in a working mode,    -71- in which it works with a high speed, when
said detecting means detects that it is driven by said commercial power
source, and to work in another working mode, in which it works with a low
speed, when said detecting means detects that it is driven by said
incorporated 



power source. 61.         An information processing device according to
Claim 59, wherein said information storing device further comprises means
for transmitting successively information on necessary maximum currents
required by every working mode to said information processing device,
wherein said means for checking power supplying capacity includes means for
checking whether current according to said information on necessary maximum
currents can be supplied or not. 62.         An information  processing
device according to Claim 61, further comprising means for transmitting
said information on necessary maximum currents in an order of decreasing
currents. 63.         A method for controlling an information storing
device comprising: a step of transmitting successively information on 



necessary maximum currents required in each of working modes at
recording/reproduction to an information processing device which is a
device of higher rank, each working mode including a working sequence from
start to end for recording/reproduction in which recording or reproduction
is carried out with a predetermined set of working states when a
recording/reproduction command is received;    -72- a step of waiting for a
predetermined period of time for response to said information on necessary
maximum currents from said device of higher rank for every transmission; a
step of setting a corresponding working mode, when a 



starting command is-received from said device of higher rank for said
predetermined period of time: and a step of effecting
recording/reproduction in said set working mode. 64.         A method for
controlling an information storing device according to Claim 63, wherein
said step of transmitting successively information on necessary maximum
currents includes a step of transmitting it in an order of decreasing
current. 65.         A method for controlling an information storing device
according to Claim 63, wherein said step of transmitting successively
information on necessary maximum currents includes a step of transmitting
it in an order of decreasing current, every time data
recording/reproduction processing is terminated. 66.         A method for
controlling an information processing device 



comprising:    a step of transmitting successively information on necessary
maximum currents required in each of a plurality of working modes at
recording/reproduction of data in an information storing device to an
information processing device which is a device of higher rank, each
working mode including a working sequence from start to end for
recording/reproduction in which recording or reproduction is carried out
with   a  predetermined   set  of  working   states  when   a
recording/reproduction command is received; a step of checking whether
current according to said information on necessary maximum currents can be
supplied or not; 



a step of issuing a starting command to said information storing device, in
case where it can be supplied according to result of said step of checking;
a step of setting a working mode corresponding to said starting command;
and a step of effecting recording/reproduction in said set working mode.
67.         A method for controlling an information processing device
according to Claim 66, wherein said step of transmitting successively
information on necessary maximum currents includes a step of transmitting
it in an order of decreasing current.    



-74- 68.         A method for controlling an information processing device
according to Claim 66, wherein said step of transmitting successively
information on necessary maximum currents includes a step of trans- mitting
it in an order of decreasing current, every time data
recording/reproduction processing is terminated.    


















