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The present invention relates to head position 

9etection of a magnetic disk drive, and more particular-

ly to a magnetic disk drive capable of positioning the 

head in accordance with a linear positional signal 

5 relative to the position obtained by switching signals 

that are obtained by demodulating a multi-phase servo 

pattern of two phases or more. 

When a magnetic disk drive reads or writes 

data information, it is necessary that the magnetic head 

10 be positioned precisely on the disk with respect to the 

concentrically formed tracks. 

In the prior art, one inductive-type magnetic 

head was used for read and write operations. However, 

in order to raise the track density, it is essential to 

15 increase the level of the reproduced output from the 

head. Thus, an MR (magneto-resistive) head using 

magneto-resistance effect is beginning to be employed 

for this purpose. Since the MR head is dedicated only 

to read operation, it is generally combined with an 

20 induc~ive-type magnetic head for writing to form a 

read/write separate head. 

Fig. 7 is a plan view of one example of a 

read/write separate head 9 formed by a MR read head and 

a magnetic write head. In this head, a read gap 90 for 

25 reading information and a write gap 92 for writing 
- - ----- -- -------·. - -
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inf oanatiori are formed, each of which extends to cross 

each data track widthwise. The read gap 90 has its 

length made shorter than the write gap 92, and its 

center relative to its length is deviated with respect 

5 to the center of the write gap 92. The amount of this 

deviation is indicated by din Fig. 7. 

The magnetic head 9 includes a read element 

(not shown) provided for the read gap 90 for reading 

information by use of an MR element, and a write element 

10 (not shown) provided for the write gap 92 for writing 

information by use of a coil. The head 9 is mounted on 

the tip of a head support system (arm) and is held at a 

15 

position somewhat spaced from the record surface of the 

magnetic disk. 

One of the problems with this read/write 

separate head is that, as disclosed in, for example, JP­

A-7-45020, since the center of the read head is deviated 

by d from the center of the record head due to the 

physical arrangement, the read head upon reproduction 

20 must be·'positioned deviated by this amount from its 

position upon recording. In order to solve this 

probleta, it is necessary to produce a positional signal 

that is excellent in the linearity over a wide range. 

Usually, in magnetic disk drives positional 

25 information has previously been written on a disk by a 

device generally called servo track writer in order to 

specify the position of the head on the disk. Figs. 2A 

and 2B show one example of the positional information 
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recorded on the disk. Fig. 2A is a schematic diagram of 

a disk surface of sector servo system, and Fig. 2B is a 

schematic diagram of a positional information recorded 

region, or a magnification of a part M in Fig. 2A. 

The positional information is usually formed 

by a repetition pattern of an A burst portion 42, a B 

burst portion 43, a C burst portion 44 and a D burst 

portion 45. The head position is determined by an N 

signal defined as the output difference between the A 

10 burst and B burst or a Q signal defined as the output 

difference between the C burst and D burst when the head 

crosses each burst portion. If, for example, the read 

head is at a position 41 in Fig. 2B, the output from the 

A burst is equal to that from the B burst, or N signal = 

15 O, and the output from the C burst equals to Q signal, 

or Q signal = the output from the C burst. 

The phase-switching of positional signal and 

the relation between the head position and the N, Q 

signal will be described with reference to Figs. 3A, 3B 

20 and 3C. Fig. 3A illustrates a relation between the head 

position and the N, Q signal. When the read head is 

gradually moved from the position 41 in the disk-radius 

direction, for example, to the right in Fig. 2B, the 

output from the A burst increases, but the output from 

25 the B burst decreases. Thus, the N signal gradually 

increases as the head moves. When the read head 41 is 

further moved, the head 41 is finally immersed within 

the A burst width in its entirety because the width of 
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the read head 41 is narrower than the track pitch, 

thereby becoming free from influences from the B burst. 

Therefore, the N signal has a waveform with smooth peaks 

at around maxima as shown in Fig. 3A. Since the C burst 

5 and D burst are recorded deviated by 1/2 track pitch in 

the radius direction of the disk from the A burst and B 

burst as illustrated in Fig. 2B, the Q signal corre­

sponds to the N signal parallelly moved by 1/2 track 

pitch in the direction of the head position. 

10 Those sections of the N and Q signals which 

have small changes in the positional signal gain 

(gradient of signal) are selected and connected together 

to produce the positional signal by the following 

well-known operation. This method will be described 

15 with reference to Figs. 3B and 3C. 

First, the absolute value of N signal is 

compared with that of Q signal, and the smaller one is 

selected. At this time, the sign is inverted as the 

need arises in order that the selected signals become 

20 straight lines increasing to the right, or that Ni 

signals and Qi signals can be produced (Fig. 3B). Here, 

the point where the absolute value of the N signal 

equals that of the Q signal constitutes a switching 

point of the positional signal. Then, the Qi signals 

25 within the track pitch as shown in Fig. 3B are offset by 

2Vo or -2Vo so that the positional signal increases as 

the head moves within the track pitch and that the Qi, 

Ni signals can be connected to form a Qc signal 51 as 
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the positional signal as shown in Fig. 3C. 

Heretofore, the head position was specified by 

the positional signal produced by the above method, and 

the head was controlled to be positioned in accordance 

5 with the positional signal. When however a read/write 

separate head is used, the read head position (point W) 

at data writing must be shifted from the read head 

position (point R) at data reading. Thus, the following 

problems occur, which will be next explained with 

10 reference to Figs. 4A and 4B. 

Fig. 4A shows a switching between the N, Q 

signals and a relation between the head position and the 

positional signal, and Fig. 4B shows the positional 

signal at around the phase-switching point. Referring 

15 to Fig. 4A, since point R is much separated from point 

w, there occurs a case where the head is required to be 

positioned at around the switching point (point CH). 

Since point R is beyond the switching point CH, the Q 

signal is inverted and twice the design value at the 

20 intersection between N signal and Q signal, or 2Vo is 

added to the inverted Q signal to produce the positional 

signal Qc 51. Then, the current head position is 

specified by this positional signal, and the head is 

positioned so that the positional signal is equal to the 

25 voltage Vr corresponding to the target position, or Qc = 

Vr. 

However, in effect, the voltage (Vch) at the 

intersection between N signal and Q signal sometimes 
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does not coincide with the design value (Vo) because of 

the variation of the head output. In addition, the 

voltage Vch is not always constant at each sector 

because of the variation of the track pitch. Here, the 

5 track pitch variation means that when positional 

information is written on the disk by the servo track 

writer, the track center 46 and the track boundary line 

47 become vibratory because of the vibration of the disk 

apparatus or the like with the result that a perfectly 

10 constant track pitch cannot be obtained at each sector 

even within the same track. As a result, the amount of 

parallel movement of Q signal away from N signal is not 

1/2 track pitch as designed. In other words, when the Q 

signal shown in Fig. 3A is shifted in the head position 

15 direction (left or right direction), the voltage (Vch) 

at the intersection between N signal and Q signal does 

not coincide with the design value (Vo). 

Fig. 4B shows the positional signal at around 

the switching point (magnified view of part P in Fig. 

20 4A). When Vo¢ Vch as illustrated, the positional 

signal is discontinuous at the switching point (point 

CH) between the N signal and Q signal, and thus the head 

positioning precision is lowered at around the switching 

point CH, to a problem. 

25 In JP-A-7-45020, it is disclosed that for the 

purpose of removing the unnatural variable point of the 

positional signal, when the positional signal is 

produced by directly using the A, B, C and D signals 
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reproduced from the A, B, C and D bursts in place of the 

N signal and Q signal, the amount that the signal 

reproduced from the head is offset is detected, which 

amount is varied by the change of the voltages applied 

5 to the head and amplifier or by the change of ambient 

temperature. This method, however, does not consider 

the discontinuity of the positional signal due to the 

variation of the track pitch. Although the problem with 

the off set for the reproduced signal output level 

10 (vertical direction) can be solved, discontinuity still 

occurs when the reproduced signal waveform is shifted in 

the disk-radius direction (lateral or right-left 

direction) due to the track pitch variation. 

According to the present invention, since the 

15 N signal (= A signal - B signal) or Q signal (= C signal 

- D signal) is used as a fundamental of positional 

signal production as described later, the offsets of the 

A, B, C and D signals can be automatically cancelled out 

by subtraction process, and thus it is not necessary to 

20 consider the amount of off set of the reproduced signal 

output. 

As described above, the track pitch is not 

constant even within the same track since the disk 

apparatus is vibrating when positional information is 

25 recorded on the disk by a device generally called servo 

track writer. Therefore, as long as the relation 

between the voltage and the track pitch is kept 

constant, continuity is not assured at the switching 
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point in the positional signal produced by 

phase-switching. 

Accordingly, it is an object of the invention 

to provide a magnetic disk drive wherein it is assured 

5 that a positional signal is continuous at all positions 

in the radius direction on the disk, including the 

switching points, even when multi-phase signals are 

switched, and precisely positioning the head at an 

arbitrary point on a track. 

10 It is another object of the invention to 

automatically adjust the servo gain by normalizing the 

positional signal by the voltage at the switching point 

without regard to the head position. 

It is still another object of the invention to 

15 calculate the positional signal in order to compensate 

the nonlinearility of the N signal and Q signal due to 

the reproduction sensitivity distribution of the MR 

head. 

To achieve the above objects, according to one 

20 aspect of the invention, the disk drive has a function 

added thereto of compensating the values of N signal and 

Q signal at each sampling time so that the positional 

signal is normalized by the voltage at the intersection 

between the N signal and Q signal at all points in the 

25 radius direction on the disk. In other words, the N 

signal and Q signal are compensated by using values of N 

signal and Q signal at each sampling time as, for 

example, expressed by the following equations: 
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N' signal = N signal I J (IN signal 12 + Jo signal 12) ( 1) 

Q' signal = Q signal I J<IN signa1J2 + lo signall2) (2) 

At this time, when N signal = Q signal, the calculated 

results of Eqs. (1) and (2), or N', Q' signals are l/{2 

(a predetermined value). Thus, as shown in Fig. 4C, if 

the amount of the offset for the switching point is made 

5 2/{2 by using N' signal and Q' signal, the continuous 

positional signal is always produced. 

In addition, since the positional signal is 

normalized by the voltage at the intersection between 

the N signal and Q signal, the servo gain can also be 

10 automatically adjusted at the same time. 

Moreover, according to the invention, when 

Eqs. (1) and (2) are executed by substituting 

approximate expressions using Taylor expansion formula 

or Taylor series, the disk drive is provided with a 

15 function of compensating the nonlinearity of N signal 

and Q signal due to the reproduction sensitivity 

distribution of MR head by changing the Taylor expansion 

coefficients. 

20 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic diagram of a magnetic 

disk drive of an embodiment of the invention. 

Figs. 2A and 2B are respectively a diagram 
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showing positional information recorded regions on the 

disk surface, and a diagram showing a burst pattern 

recorded on the disk. 

Figs_. 3A, 3B and 3C are respectively a diagram 

5 showing a relation between the head position and the N, 

Q signals, a diagram showing selection and inversion of 

N signal and Q signal, and a diagram showing a way of 

connecting sections of Ni and Qc signals to produce the 

positional signal. 

10 Figs. 4A, 4B and 4C are respectively a diagram 

showing switching between signals of different phases 

for the positional signal and a relation between the 

head position and the positional signal, a diagram 

showing the neighborhood of a switching point between N, 

15 Q signals, and a diagram showing the neighborhood of the 

switching point between N', Q' signals according to the 

invention. 

20 

25 

Fig. 5 is a diagram showing a track pitch 

variation. 

Figs. 6A and 6B are respectively a graph 

showing the measurements of the positional signal in a 

disk drive according to the invention, and a graph 

showing the measurements of the positional signal in a 

conventional disk drive. 

Fig. 7 is a plan view of the structure of a 

read/write separate head. 

An embodiment of the invention will be 

described in detail with reference to the accompanying 
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drawings. Fig. 1 is a block diagram of the arrangement 

of the positioning control system of a magnetic disk 

drive of sector servo system using a two-phase servo 

signal according to the invention. 

5 In this magnetic disk drive, when a command 

for writing or reading is transmitted from a central 

processing unit 1 (CPU) to a disk controller 2, the disk 

controller 2 supplies to a microprocessor 3 a command 

for instructing it to position a head 9 at a specific 

10 point. The signal for positioning the head 9 is 

produced from a signal that is reproduced by the head 9 

from a positional information recorded region 12. The 

positional information has such a pattern as shown in 

Fig. 2B. Each signal produced when the head 9 crosses 

15 the A burst portion 42, B burst portion 43, C burst 

portion 44 and D burst portion 45 is supplied through a 

read/write (R/W) integrated circuit (IC) 15, an 

automatic gain control (AGC) amplifier 16 and a 

full-wave rectifying circuit 18 to peak hold (P/H) 

20 ·circuits 19-22, which then respectively produce an A 

signal 23, a B signal 24, a C signal 25 and a D signal 

26. These A, B, C and D signals 23, 24, 25 and 26 are 

supplied to operational amplifiers 33, 34, which then 

produce an N signal 27 and a Q signal 28 as a two-phase 

25 positional information signal. The N signal 27 and Q 

signal 28 are supplied through an A/D converter 29 to 

the microprocessor 3 in which a compensation equation 

calculator 30 computes new N' signal and Q' signal 
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according to Eqs. (1) and (2). A positional signal 

linearizer 31 combines or connect the N' signal and Q' 

signal together to form a positional signal which is 

linear with respect to the head position and which 

5 specifies the head position. The positional information 

is previously recorded at constant intervals on a disk 

11 as shown in Fig. 2A. When the head 9 sequentially 

crosses the A, B, C and D burst portions 42·, 43, 44 and 

45 in the positional information recorded region 12, the 

10 A, B, C and D signals 23, 24, 25 and 26 as shown in Fig. 

1 are reproduced in synchronism with timing at which the 

head crosses the A, B, C and D burst portions and sub­

sequently the N signal 27 and Q signal 28 are produced 

and converted from analog to digital form, thereby being 

15 sampled at constant intervals of time. In order that 

the head 9 can follow the target position according to 

the command from the disk controller 2, so-called 

feedback control is executed in which a positional 

control compensation filter 32 for lead-lag compensation 

20 is used to calculate and produce a manipulated variable 

from a positional error between the current head posi­

tion and the target position so that the positional 

error can be reduced to zero. The manipulated variable 

is converted into an analog signal by a D/A converter 4, 

25 and then supplied to a VCM drive circuit 5 for driving a 

voice coil motor 6, which controls a head supporting arm 

8 to position the head 9. After the head 9 is 

positioned, it writes data from a write circuit 14 on 
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the tracks of the disk 11 or reads data therefrom and 

supplies it to a read circuit 17. 

The disk drive of the invention has been 

described in brief. Now, detailed description will be 

5 made of the compensation equation calculator 30 and 

positional signal linearizer 31 which are the central 

part of the invention. 

Fig. 4C shows the positional signal at around 

the switching point which is produced according to the 

10 method of the invention (magnified view of part P in 

Fig. 4A). The compensation equation calculator 30 

computes N' signal and Q' signal from, for example, Eqs. 

(1) and (2). Since the N' signal and Q' signal are the 

signals normalized by the voltage at the intersection 

15 between the N signal and Q signal, they always become a 

constant value (l/.fi) when N signal = Q signal, or at 

the switching point (point CH). 

Therefore, the positional signal linearizer 31 

controls so that Q"=Vr" is satisfied by using the 

20 linearized positional signal as expressed by Q"= 2/.f2 -

Q', thus enabling the head 9 to be positioned precisely 

even at around the switching point (point CH) as 

· indicated by point R in Fig. 4C. 

Fig. 6A shows the experimental results 

25 measured when the head 9 is positioned at around the 

switching point (point CH) according to the method of 

the invention, and Fig. 6B the results obtained 
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according to a prior art. In Figs. 6A and 6B, the 

abscissa represents time, and the ordinate represents 

the waveform of the positional signal of 1000 cycles. 

According to the invention, it will be seen from the 

5 waveform that the head 9 can be precisely positioned 

even at around the switching point (point CH). 

As described above, the present invention 

proposes the method for normalizing the gain and for 

making the positional signal always continuous at the 

10 phase-switching point in the magnetic disk drive of the 

multiphase servo signal switching control system. In 

this case, Eqs. (1) and (2) are calculated at each 

sampling time so that when N signal=Q signal, the value 

of N' signal (Q' signal) is constant irrespective of the 

15 value of N signal and Q signal. 

While in the invention the N' signal and Q' 

signal are calculated from Eqs. (1) and (2), the 

following equations may be used for the N' signal and Q' 

signal: 

N' signal = N signal/( IN signal In+ IO signalln)l/n (3) 

Q' signal = Q signal/ (IN signal In + IQ signal I n)l/n ( 4) 

20 where n is an arbitrary natural number. 

In addition, while in the invention the N 

signal 27 and Q signal 28 are produced by use of 

operational amplifiers, the N signal 27 and Q signal 28 

may be produced by converting the reproduced analog A, 
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B, C and D signals 23, 24, 25 and 26 from the burst 

portions into digital signals and by processing them by 

the microprocessor 3. Moreover, the following 

normalized signals may be used: 

N signal= (A signal-B signal)/(jA signal! + jB signal!) 

(5) 

Q signal= (C signal-D signal)/(jC signal! +ID signalj) 

(6) 

Also, while in the invention for simplifica­

tion the switching point is the intersection between the 

N signal 27 and the Q signal 28, or the point at which 

the N signal 27 equals the Q signal 28, the switching 

point is, in general, a point where the absolute value 

10 of the N signal 27 equals that of the Q signal 28 and 

inversion process and off set process are made as 

necessity requires in order to connect the N signal 27 

and Q signal 28. 

Furthermore, while in the embodiment of the 

15 invention two N, Q signals 27, 28 of different phases 

are connected to form the positional signal, two or more 

positional signals of different phases may be connected 

to form a new positional signal. Thus, the present 

invention is not limited to the above embodiment, but 

20 may be changed or modified in various ways. 

When Eqs. (1) and (2) are executed by the 

microprocessor 3, they are approximately calculated 

because the square root of a value is difficult to 
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calculate. 

A description will be made of the approximate 

calculation of the portion, 

z = 1/ v' (IN signal 12 + lo signal 12 > ( 7) 

of Eqs. (1) and (2). The N signal and Q signal will 

5 hereinafter be represented by N and Q, respectively. 

10 

Taylor expansion of Eq. (7) will yield 

z = {l/(INI + IOI)} I 

J{ 1-2·INl·lol! <INI + lol> 2 
} 

~ {1/( INI + 101)} x 

(1 + s + 3 I 2 x sz + · · ·) 

(8) 

( 9) 

This expression includes only the terms of addition or 

subtraction and multiplication. In Eq. (9), S is 

expressed as 

s = INl•IOI I CINI+ 101) 2 (10) 

Although Taylor expansion of Eq. (7) can be 

made in many different ways, the present invention 

assures that since the denominator and numerator of S in 

Eq. (10) are of the same order of N, Q, S is constant 

irrespective of the values of N and Q when INI = IOI, 
15 and that even in approximate calculation, N' and Q' are 
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constant when INI = IQI. 

In addition, if an MR head or the like is 

used, the linearity of N and Q is somewhat reduced due 

to the read sensitivity distribution of the head. In 

5 this case, if parameters Pl, P2, •.• are used in place 

of the Taylor expansion coefficients to yield the 

following expression wherein Pl, P2, ••• are adjusted, 

10 

z ~ {1/(INI + IQIH x 

(1 +Pl x S + P2 x S2 + ···) (11) 

, the positional signal can be made continuous and its 

linearity can be improved. 

Moreover, the above equations can be executed 

by repetitive calculation using Newton's method as 

another method. To find X of the expression 

x = 1/ ./C (12) 

where C is INl 2 + IQl 2, the equation 

x2 - 1/C = 0 (X > 0) (13) 

is solved by repetitive calculation using Newton's 

15 method. As a result of actual execution of the calcula­

tion, it was confirmed that convergence can be achieved 

by executing repetitive calculations four or five times. 
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It is also practically effective to tabulate 

the results of calculation made by an external computer 

and to carry out linear interpolation with reference to 

the table, instead of executing the above approximate 

5 calculation by the microprocessor 3. 

While the above explanation is made with 

reference to Eqs. (1) and (2), the Taylor series and 

repetitive calculation using Newton's method are of 

course similarly applicable to the generalized Eqs. (3) 

10 and (4). 

According to this embodiment, the positional 

signal can be kept continuous even at the points where 

the N signal and Q signal_ are switched, and thus the 

head can be positioned precisely at an arbitrary point 

15 in the radius direction. 

In addition, the linearity of the positional 

signal can be improved by adjusting the parameters in 

the equations for the positional signal, and thus the 

head can be positioned precisely at an arbitrary point 

20 in the radius direction. 

Moreover, since the positional signal is not 

changed even when the voltage level of the reproduced or 

read signal from the head is changed due to variation of 

the voltages applied to the head and the amplifiers, the 

25 head can be precisely positioned at an arbitrary point 

in the radius direction. 
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CLAIMS: 

1. A magnetic disk drive for use with a magnetic 

disk which has a multi-phase burst pattern written 

thereon in order to position a magnetic head, said 

magnetic disk drive comprising said magnetic head, means 

for demodulating a plura~ity of positional information 

signals of multi-phases from said pattern, means for 

sampling said plurality of positional information 

signals of multi-phases, a processor for calculating a 

positional signal by using said sampled plurality of 

positional information signals of multi-phases as data 

for calculation, and a drive circuit for driving said 

magnetic head on the basis of said positional signal, 

said processor including means for calculating said 

positional signal at each sampling time by using said 

sampled plurality of positional information signals of 

multi-phases as data for calculation so that said 

positional signal is continuous at the switching points 

where switching is made from one phase to another phase, 

whereby said magnetic head is positioned on the basis of 

the calculated results. 

2. A magnetic disk drive according to claim 1, 

wherein said processor makes such calculation that the 

values of said positional signal at said switching 

points are automatically normalized to be a 

predetermined value. 

3. A magnetic disk drive according to claim 1, 

wherein the dispersion of said positional signal in the 
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case where said magnetic head is positioned at said 

switching points is substantially equal to that in the 

case where said magnetic head is positioned at other 

points than said switching points. 

4. A magnetic disk drive according to claim 1, 

wherein when said plurality of positional information 

signals of multi-phases are N signal and O signal, and 

when n is an arbitrary natural number, said positional 

signal is calculated at each sampling time by using the 

following expression 

1/ (IN signal In + IO signal I ")1/n, 

and said magnetic head is positioned on the basis of the 

calculated results. 

s. A magnetic disk drive according to claim 4, 

wherein said expression is calculated by applying Taylor 

series to calculation of a root of the power CIN signal!" 

+ IO signall"> by using S = INI • IOI I CINI + 101)2 as a 

variable, where n is equal to 2 or larger. 

6. A magnetic disk drive according to claim 5, 

wherein Taylor expansion coefficients in said expanded 

Taylor series are compensated to improve the linearity 

of said positional signal. 

7. A magnetic disk drive according to claim 4, 

wherein said expression is calculated by applying 

repetitive calculation by Newton's method to calculation 

of a root of the power ( IN signal In + I O signal I n) and to 

calculation of the division. 

8. A magnetic disk drive according to claim 4, 
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wherein calculated results of said expression are 

previously tabulated, and said table is referred to 

instead of calculating said expression. 

9. A magnetic disk drive according to claim 1, 

wherein said magnetic head is a read/write separate 

head. 

10. A magnetic disk drive according to claim 9, 

wherein said read/write separate head includes an 

induction type magnetic record head and a magneto-

resistive read head, and said multi-phase pattern is 

read out by said magneto-resistive head. 


