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DESCRIPTION 

Method of Driving Head, Head Driving Device and 

Disc Driving Apparatus Using the Same Method and Device 

FIELD OF THE INVENTION 

The present invention relates to controlling a speed of a head which is 

used for magnetic disc drives and other disc drives. More particularly it 

relates to a method of driving head, a head driving device and a disc driving 

10 apparatus using the same method and device. When an · access to a 

designated sector _is required, the present invention allows the method of 

driving the head, the h~ad driving device and the disc driving apparatus using 

the same method to reduce power consumption at seek-operation free from 

extending an access t~e to the designated sector. 

15 .. 

BACKGROUND OF THE INVENTION. 

When··a demand for reading/writing any sector on a disc· occurs, a 

conventional magnetic-disc-driving apparatus moves a magnetic head from a 

present position to a track including a target sector, within ·a shortest time, 

20 and when the disc rotates thereby the target sector arrives at a position 

aceessible by the magnetic head, the magnetic head reads/writes data in the 

target sector. (Hereinafter the track mcluding a target sector, or the track a 

target sector is in is refereed to simply as TTS.) Therefore, in any cases for· 

reading/writing, the conventional magnetic-disc-driving apparatus has 

25 · required a waiting time from an instant when the magnetic head finishes a 

seek-operation to TTS, to another instant when the disc rotates thereby the 

target sector arrives at the position ·the magnetic head can read/write data. 

·In order to reduce such a waiting time, the following methods have been 
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employed. When the magnetic-disc-driving-apparatus reads/writes across 

two tracks or more in series, for example, when the disc-driving-apparatus 

:finished reading/writing a first track and then . reads/writes a second track 

continuously, the apparatus places the leading sector of the second track at a 

5 position so that a seek-time for the head from the first track to the second 

track can be minimized. This mechanics reduces the waiting times required 

at each access sequentially to sectors across the tracks. However, this 

mechanics cannot reduce the waiting times at random accesses. 

When the magnetic-disc-driving-apparatus reads/writes ·any sector on 

10 the disc, a circuit of read/write data-necessary fot reading/writing a sector­

must be activated. In order to save the power, a method is available for 

activating the circuit only when the sector is engaged in read/write. The disc 

driving apparatus using this method turns on the circuit of read/write data at 

a predetermined timing such as before, after, during the seek, or just before 

.15 reading/writing the sector, and the disc driving apparatus·turns off the circuit 

at a timing the magnetic disc :finishes reading/writing. As a result, the power 

consumption is reduced. 

Although the conventional magnetic-disc-driving-apparatus cannot 

access to a target sector until the head arrives at a position accessible to a 

20 target sector, the driving apparatus moves the head to TTS in a minimum time 

responding to each media-access-demand. The disc driving apparatus 

requires large force to move a head assembly to TTS at a maximum speed. In 

other words, the disc driving apparatus feeds large current to a head 

assembly-drive-circuit every time the head moves. Therefore the power 

25 consumption during the seek-operation becomes greater, and this inversely 

affects the efforts of lowering the power consumption. 

The circuit of read/write data· requires a time until the circuit of 

read/write data gets to work normally. Therefore, in a case of employing a 
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control method that turns on the ~t of read/write data at a predetermined 

timing; without considering the times such as the seek-time the head moves to 

TTS, the ·time until .the head arrives at a posjti,on accessible to the target 

sector after a seek-operation, or the tjme until :the circuit of read/write data 

5 gets to work normally and so on, the following inconveniences may occur: 

Depending on a target sector position after fini.$hing the seek-operation and a 

startup timing for the circuit of read/write data, although the head already 

arrived at the positio~ accessible to the target sector, the disc must wait to 

rotate because the circuit of read/write data is . not ready for an ·operation. 

10 The circuit ofread/write data is thus obliged to stay activated unnecessarily 

long. These factors impede lowering the power consumption. 

DISCLOSURE OF THE INVENTION 

A method for driving a head of the present invention resolves the 

15 problems mentioned above, and the method comprises the following steps: 

(a) a step fur determining a head position by head-position-data :' 

supplied from a head-position-detector; ~ 
(b) a step for calculating in advance a time the head can access to a 

target sector of a disc for the first time, based on the data of the head-present-

20 position, location data of the target sector at a destination, and driving 

capability of the head assembly; and 

(c) a step for controlling a head-assembly-driver by determining a 

moving-speed and acceleration/deceleration pattern for the head so as to finish 

the seek-operation to TTS (the track including a target sector) during the time 

25 mentioned in (b). 

More specifically, the method (:9mprises the steps as follows: 

(a) a step for determii;ring a minimum integer N of integers each of 

which holds a relation: 
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(a target-stt~or-accessible-time ) ~ (9:'',~hortest time for the head to 

move to TTS), 

Assume that a sector-arrival-time is a necessary time from an instant 

the head starts moving to TTS to another instant the disc rotates thereby the 

5 target sector arrives at a position the head can access to for the first time, and 

the target-sector-accessible-time is a sum of the sector-arrival-time and 

a rotation-waiting-time (latency), where the latency is obtained by multiplying 

a disc-rotation-period by an integer N (zero or greater than zero); 

(b) a step for moving the head by determining the moving-speed and 

10 acceleration/deceleration pattern of the head so as to finish a head-moving and 

a head-positioning to TTS within the target-sector-accessible-time determined 

by substituting the integer N into a formula: 

(the sector-arrival-time + the disc-rotation-period x the integer N) 

In comparison with conventional methods, the method of the present 

15 invention can provide a method realizing a reduction of power consumption 

during a seek time without extending an access time. 

A head driving device of the present invention comprises the following 

elements: 

(a) a head accessing to a disc; 

20 . (b) head-position detecting means for finding a head-present-position 

(c) target-sector-accessible-time calculation means for calculating a 

target-sector-accessible-time, in advance, the head can access to a target 

sector for the first time, based on head-present-position data, location data of 

the target sector at a destination, and driving capability of the head assembly; 

25 and 

(d) control means for controlling a head-assembly-driver by determining 

a moving-speed and acceleration/deceleration pattern for the head so as to 

finish a seek-0peration to TTS during the time described in (c). 
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More specifically, the head driving device comprises the following 

elements: 

(a) a head accessing to· a disc; 

(b) target-sector-accessible-time calcula~ means for determining a 

5 minimum integer N that hol~s a relation: 

(the target-sector-accessible-time) ~ (a shortest time the head moves 

to1TS), 

where a sector-arrival-time is defined as a necessary time from a 

instant the head starts moving to 1TS to another instant the disc rotates 

10 thereby the target sector arrives at a position the head can access to for the 

first time, and 

the target-sector-accessible-time is a sum of the sector-arrival-time and 

·a latency, where the latency is obtained by multiplying a disc-rotation-period 

by an integer N (zero or greater than zero); 

15 . (c) control means for moving the head by determining the moving-speed 

and acceleration/deceleration pattern of the head so as to finish a head-moving 1 
J and a head-positioning to 1TS within the target-sector-accessible-time 

determined by substituting the integer N into a formula: 

(the sector-arrival-time + the disc-rotation:.period x the integer N) 

20 In comparison with conventional devices, the present invention 

provides a head driving device realizing a reduction of power consumption 

during a seek time without extending an access time. 

A disc driving apparatus of the present invention comprises the 

following elements: 

25 (a) a spindle unit for rotating a disc; and 

(b) a head driving device, the device including the structure discussed 

above. 

In comparison with conventional apparatuses, the present invention 
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provides a disc dd:yin.g apparatus realizing a reduction of power consumption 

during a seek time without extending an access time. 

BRIEF DESCRIPTION OF THE DRAWINGS 

5 FIG. 1 is a block diagram of a disc driving apparatus in accordance with 

an embodiment of the ,present invention .. 

FIG. 2 is a flowchart showing an outline of whole process of the same 

disc driving apparatus shown in Fig. 1. 

FIG. 3is a flowchart showing a process of controlling a speed at which a 

10 head moves to TTS (the track including a target sector) of the same disc 

driving apparatus shown in Fig. 1 .. 

FIG. 4 is a flowchart showing a process of controlling a drive-timing for 

a circuit of read/write data of the same disc driving apparatus shown in Fig. 1. 

15 DESCRIPTION OF THE PREFERRED EMBODIMENT 

Exemplary embodiments pf the present invention are described 

hereinafter with reference to the accompanying drawings. 

(First Exemplary Embodiment) 

20 FIG. 1 shows a block diagram ofa magnetic-disc-driving-apparatus as 

an example of a disc-driving-apparatus in accordance with the first 

embodiment of the present invention. The magnetic disc driving apparatus 

in FIG. 1 includes spin,dle unit 40 which rotates magnetic disc 2 (hereinafter 

refereed to simply as disc 2) and head driving device 30 which drives head 

25 assembly 1 (hereinafter refereed to simply as head 1). 

Media access management unit 7 receives command 18 for accessing to 

designated sector from higher level system 8, and then calculates data 19 

indicating a location of a track including a target sector (TTS) at a destination, 
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and data 20 indicating a loeation of the target sector in the track. 

Management unit 7 outputs data 19 to minimum-seek-time-calculator 6, and 

outputs data 20 to target-sector-arrival-time-calculator 5 respectively. 

Head position detector 4 reads data 15 from disc 2 via head 1, and then 

5 calculates data 16 mdicating a present track position and data 17 indicating a 

head position on the present track. Detector 4 putputs data 16 to minimum­

seek-time-calculator 6, and outputs data 17 to target-sector-arrival-time­

calculator 5 respectively. 

Calculator 6 ·~culates minimum seek time 22 from present track to 

10 TTS (the track including a target sector), based on data 19, data 16, and the 

driving capability predetermined of the head assembly of the disc-driving­

apparatus of the present invention, and then outputs the minimum seek time 

22 to target-sector-accessible~time-calculator 9. Calculator 5 calculates time 

21 necessary for the target sector to arrive at a position accessible by the head 

15 for the first time, based on data 20, data 17, and rotation period of disc 2, and 

then outputs time 21 to calculator 9. Where the driving capability of the ,j,i 

head assembly refers to a value determined by e.g. the inertia of head 

assembly 1, a driving force of head assembly driver 3 (for example: an actuator 

comprising a coil and a magnet), and so on. 

20 Calculator 9 determines a minimum integer N (zero or greater than 

zero), which holds the following relation based on time 21, minimum seek time 

22, and rotation period of disc 2 rotated by spindle unit 40: (a time until the 

target sector arrives at the position accessible by the head for the first time, i.e. 

time 21 + a rotation period of the magnetic disc drive x the integer N) ~ (the 

25 minimum seek time to present TTS, i.e. time 22). Then calculator 9 

substitutes the integer N into a formula: (the time until the disc rotates 

thereby the target sector arrives at a position accessible by the head for the 

first time, i.e. time 21 + the integer N x the rotation period of the magnetic 
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. disc drive). This4{f9rm,ula produces target-s~,cwr-accessible-time 23, then 
.. ; ···.·· 

calculator 9 outputs this time 23 to head-assembly-driving-controller 12. 

Controller 12 calculates a speed and acceler~tion/deceleration pattern 

of head 1 so that head 1 can complete the seek to TrS at this speed and with 

5 this pattern .within target-sector-accessible-time 23. Then controller 12 

determines designated-current-value 24 for driving the head assembly based 

on these speed and pattern. Controller 12 outputs current-value 24 to head­

assembly-driving-circuit 13. Driving circuit 13 outputs a drive current 

corresponding to current-value 24 to head-assembly-driver 3 yia connection 25. 

10 Head-assembly-driver 3 controls an operation of head 1 with the drive current. 

15 

Next, a series of operations discussed above is detailed using FIG. 2 and 

FIG. 3. 

FIG. 2 is a flowchart showing the. outline of whole process of the disc 

driving applµ"atus, and FIG. 3 is a flowchart showing a process for controlling 

a head moving-speed at which the head moves to TTS. 

In FIG. 2, step SI determines whether or not a media-access-command 

from the higher level system is received. If the command is not received, step 

Sl is repeated until the command gets received. If the command gets 

received, the process moves on to step 82, and step 82 controls the head 

20 moving-speed to TTS, which is described in FIG. 3. 

In FIG. 3, first, step 811 analyzes the content of the media-access­

comm.and received, and calculates the location of. the track including the 

target sector to be accessed and the location of the target sector on the track. 

Second, step S12 calculates a location of a track at which the head is 

25 positioned presently, and a location of the head on the present track using 

head-position-data supplied from head position detector 4. 

Next, .step 813 calculates a minimum seek-time from present track to 

TTS using the location of TTS calculated in step 811 and 812, the track 
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location where the head is positioned presently, and the driving capability of 

the head assembly of the disc-driving;;apparatu$. Then, step 814 calculates 

the time until the disc rotates thereby the target sector arrives at the position 

accessible by the head for the first time, based on the location of the target 

5 sector on the track calculated at step Sll and 812, the location of the head on 

the present track, and the rotation period of the disc. 

Next, based on ·the value calculated at 'steps 813 and 814, step 15 

calculates a minimum integer N (zero or greater'than zero), i.e. the number of 

the times the target sector must pass through the position accessible by the 

10 head even if the head moves to TTS in a minimum time. Where the 

minimum integer N holds the relation: (the time until the target sector arrives 

at the position accessible by the head for the first time + the rotation period of 

the magnetic disc drive x the integer N) ~ (the minimum seek time to TTS). 

Next, step 816 determines the target sector accessible time obtained by 

15 substituting the integer N in a formula. The formula is this: (time until the 

target sector arrives ·at the position ;accessible by the head for the first time + ,-

the rotation period of the magnetic disc drive x the integer N) 

Finally, step SI 7 calculates the speed and acceleration/deceleration 

patterns of the head. With this speed and the· pattems, the head completes 

20 the seek to TTS within the target-sector-accessible:-time calculated at step 816. 

Then, step 817 determines the current value ·ror driving the head assembly, 

and feed the current value to driving circuit 13. · This concludes the process of 

controlling the head moving-speed to TTS. 

The structure •discussed above allows the head to move, just after the 

25 seek operation, at the speed and with the acceleration/deceleration pattern 

accessible to the target sector. Thus driving circuit 13 requires less electric 

current than the conventional method. As resUlt, the method of the present 

invention reduces power consumption at seek operation without extending an 

1 



' \ 
..: .. 

i: 

wooon9534 10 · PCT/JP00/04042 

access time in COJJ1P¢son with conventional ~!~ods . 
. .. ;-.: •:. 

(Second Embodiment) 

The differences between the second embodiment and the first 

5 embodiment mentioned above are as follows. 

In the second embodiment, some elements are added to the structure of 

the first embodiment shown in FIG. 1. Target-sector-accessible-time­

calculator 9 calculates target-sector-accessible-time 23 in the same· procedure 

as the first embodiment responsive to designated-sector-accessing-command 

10 18 supplied from higher level system 8, and . then . outputs time 23 to 

management unit 10. Management unit 10 subtracts a stabilization-time 

needed for circuit 11 of read/write data from target-sector-accessible-time 23, 

and determines a startup time for the circuit ll of read/write data. 

Management unit 10 has a built-in circuit which can measure a time. When 

15 the startup time for circuit 11 passes, management unit 10 outputs startup 

command 26 to circuit 11 thereby controlling the startup time of circuit 11. 

Next, a series of operations mentioned above is detailed using FIGs. 2 

and 4. FIG. 4 is a flowchart showing a process for controlling a startup 

timingfor the.circuit of read/write data in the disc driving apparatus. 

20 In FIG. 2, step 82 controls the head moving-speed to TTS, and then the 

process moves on to step 83, and step 83 controls the startup timing for the 

circuit of read/write data depicted in FIG. 4. 

In FIG. 4, first, step 821 subtracts the stabilization time for the circuit 

of read/write data from the.target sector accessible time calculated at step 816 

25 shown in FIG. 3~S16 controls the head moving-speed to TTS-and the step 

821 determines the startup time for the circuit. 

Second, step 822 determines whether or not the startup time of the 

circuit passes. If the time does not pass, step 822 is repeated until the time 
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passes. If the time passes, the process moves on to step 823, and the step 823 

outputs a startup command to circuit 11 of read/write data. This concludes 

the process for controlling the startup timing for the circuit of read/write data, 

and then the process moves on to step S4 shown m FIG. 2. Just before the 

5 target sector becomes accessible, the stabilization time of the circuit of 

read/write data passes away, and upon an access to the target sector becomes 

possible, a media access can be done immediately. This concludes a media­

access-process responsive to the media-access-demand supplied from the 

higher level system, and then the process moves· on back to step S 1. 

10 The structure discussed in the second embodiment allows the circuit of 

read/write data to be stabilized just before the target sector becomes accessible. 

Thus the operation efficiency of the circuit of read/write data is improved. As 

a result, the structure of the present invention reduces power consumption 

during read/write operation. 

15 As mentioned ·above, the present invention includes the step for 

calculating the time the head can access to a target sector of a disc for the first r 
time and the step for controlliiig the head to complete the seek to TTS within 

the time calculated. As result, the method of the present invention reduces 

power consumption at the seek-operation without extending an access time in 

20 comparison with conventional methods. 

Further, the present invention includes the step for controlling a 

startup timing to allow the circuit of read/write data to be stabilized just 

before the target sector becomes accessible. Thus the step optimizes the 

operation efficiency of the circuit. · As result, the method of the present 

25 invention reduces power consumption during read/write operation. 

The embodiments of the present invention describe about a magnetic 

disc drive but it is needless to say that the present invention is applicable to 

disc drives using various media discs. 
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INDUSTRIAL APPLICABILITY OF THE INVENTION 

The present invention provides a method of driving a head, a head 

driving device and a disc driving apparatus using the same method and device. 

5 The method and device reduce the power consumption during the seek­

operation without extending an access time to the designated sector when an 

access to an designated sector is required, and are useful for controlling a head 

of a disc drive, especially a magnetic head of a magnetic disc drive. 

10 
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CLAIMS \\"Ill 111111 lllll Ill~ II 1\11 . 
* C L 

1. A method for driving a head, said method comprising: 

(a) a step for determining a present-location of a head with a 

5 head-position-data supplied from a head-positiOn-detector; 

10 

15 

(b) a step for calculating in advance a time within which the 

head can access to a target· sector for a first time based on the present-location 

of the head, a target-sector-location data at a destination, and a head 

assembly-driving-capability; 

(c) a step for controlling a head-assembly-driver by 

determining a moving-speed and an acceleration/deceleration pattern for the 

head to complete a seek to a track including the target sector during the time 

calculated in step (b). 

2. A method for driving a head, said method comprising: 

(a) a step for determining a minim.um integer N holding a ;·· 

20 

relation of: 

(a target-sector-accessible-time) ~ (a shortest time within 

which the head moves to a track including a target sector), 

when a sector-arrival-time is defined as a necessary time from 

an instance the head starts moving to the track including the target sector to 

another instance a disc rotates thereby the target sector arrives at a position 

accessible by the head for a first time, and the target-sector-accessible-time is 

a sum of the sector-arrival-time and a latency which is obtained by 

25 multiplying a disc-rotation-period by an integer N (zero or greater than zero); 

(b) a step for moving the head by determining a moving-speed 

and an acceleration/deceleration pattern so that the head finishes a head­

moving and a head-positioning to the track including the target sector within 

,, 
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I 
the target-sector-accessible-time determined by substituting the integer N. 

3. The method as defined in claim 2, further comprising a step 

for controlling an operation time of a circuit of read/write data by turning on 

5 the circuit when a time formed of a stabilization-time necessary for the circuit 

being subtracted from the target-sector-accessible-time got by substituting the 

integer N _is passed away, and by turning off the circuit when necessary 

read/write operation is completed. 

10 

15 

20 

4. The method as defined in claim 1, wherein the head is a 

magnetic head. 

5. The method as defined in claim 2, wherein the head is a 

magnetic head and the disc is a magnetic disc. 

6. The method as defined in claim 3, wherein the head is a 

magnetic head and the disc is a magnetic disc. 

7. A head driving device comprising: 

(a) a head for accessing to a disc; 

(b) head-position-detection means for determining a head-

present-position; 

(c) calculation means for calculating in advance a target- . 

sector-accessible-time for a first time based on a data of the head-present-

25 position, a location data of a target sector at a destination, and a driving 

capability of a head assembly; and 

(d) head-assembly controlling means for controlling a head-

assembly-driver by determining a moving-speed and an 
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acceleration/deceleration pattern for completing a seek to a track including the 

target sector within the time calculated by said calculation means. 

8. A head driving device comprising: 

(a) a head for accessing to a disc; 

(b) target-sector-accessible-time calculation means for 

determining a minimum integer N holding a relation: 

(a target-sector-accessible-time) ~ (a shortest time within 

which a head moves to a track including a target sector), 

10 when a sector-arrival-time is defined as a necessary time from 

an instance the head starts moving to the track including the target sector to 

another instance a disc rotates thereby the target sector arrives at a position 

· accessible by the head for a first time, and the target-sector-accessible-time is 

. a sum of the sector-arrival-time and a latency which is obtained by 

15 ·multiplying a disc-rotation-period by an integer N (zero or greater than zero); 

(c) control means for moving the head by determining a 

moving-speed and an acceleration/deceleration pattern so that the head 

finishes a head-moving and a head-positioning to the track including the 

target sector within the target-sector-accessible-time determined by 

20 substituting the integer N. 

9. The head driving device as defined in claim 8, said device 

further comprising turn-on time management means for controlling an 

operation time of a read/write circuit of data by turning on the circW.t when a 

25 time, formed of a stabilization-time necessary for the circuit being subtracted 

from the target-sector-accessible-time got by substituting the integer N, is 

passed away, and by turning off the circuit when necessary read/write 

operation is completed. 

l 
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10. The device as defined in claim 7, wherein said head is a 

magnetic head and the disc is a magnetic disc. 

11. The device as defined in claim 8, wherein said head is a 

magnetic head and the disc is a magnetic disc. 

12. The device as defined in claim 9, wherein said head is a 

magnetic head and the disc is a magnetic disc. 

13. ·A disc driving apparatus comprising: 

(a) a spindle device for rotating a disc; 

(b) a head driving device for driving a head, 

said device comprising: 

(b-1) a head for accessing to the disc; 

(b-2) head position detection means for determining a head-

present-position; 

(b-3) target-sector-accessible-time calculation means for 

calculating in advance a time said head can access to a target sector for a first 

20 time, based on a data of the head-present-position, a location data of the target 

sector at a destination, and a driving capability of a head assembly; and 

(b-4) control means for a head assembly for controlling a 

head-assembly-driver by determining a . moving-speed and an 

acceleration/deceleration pattern for completing a seek to a track including the 

25 target sector within the accessible time. 

14. A disc driving apparatus comprising: 

(a) a spindle device for rotating a disc; 
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(b) a head driving device; 

said device comprising: · 
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(b-1) a head for accessing to the disc; 

(b-2) target-sector-accessible-time calculation means for 

5 determining a minimum integer N holding a relation: 

(a target-sector-accessible-time)· ~ (a shortest time within 

which the head moves to a track including a target sector), 

when a sector-arrival-time is defined as a necessary time from 

an instance the head starts moving. to the track including the target sector to 

10 another instance a disc rotates thereby the target sector arrives at a position 

accessible by the head for a first time, and the target-sector-accessible-time is 

a sum of the sector-arrival-time and a latency which is obtained by 

multiplying a disc-rotation-period by an integer N (zero or greater than zero); 

(b-3) control means for moving the head by determining 

15 a moving-speed and an acceleration/deceleration pattern so that the head 

:finishes a head-moving and a head-positioning to the track including the 
t 

target sector within the target-sector-accessible-time determined by ~· 

20 

substituting the integer N. 

15. The apparatus as defined in claim 14 further comprising 

turn-on time management means for controlling an operation time of a 

read/write circuit of data by turning on the circuit when a time, formed of a 

stabilization-time necessary for the circuit being subtracted from the target­

sector-accessible-time got by substituting the integer N, is passed away, and 

25 by turning off the circuit when necessary read/write operation is completed. 

16. The apparatus as defined in claim 13, wherein said head is a 

magnetic head and the disc is a magnetic disc. 
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17. The apparatus as defined in claim 14, wherein said head is a 

magnetic head and the disc is a magnetic disc. 

18. The apparatus as defined in claim 15, wherein said head is a 

magnetic head ~d the disc is a magnetic disc. 


