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Specification

1. Title of the Invention:

Disk drive, servo control unit, and control unit

2. Detailed Description of the Invention:

[{0001)]
[Field qf the invention]

The present invention relates to a disk drive, a servo control
unit, and a control unit, and more particularly to a disk drive,
a servo controller, and a controller which have realized high-
degree control by lightening processing load to a microprocessor
unit (MPU) without increasing cost so much.

{0002]
[Background art]

Iﬁ hard-disk drives (HDDs) employing magnetic disks as data
storage media, concentric circular recording tracks are formed
- on the magnetic disk. In a conventional HDD, as shown for
example in Figure 2, circular tracks X2 with a predetermined
width are formed concentrically on the recording surface of a
magnetic disk Xl. The recording surface is provided at



unit, and a control unit, and nore particularly to a disk drive, a servo
controller, and a controller which have realized high- degree control by
:lightening processing load to a m croprocessor unit (MPU) w thout

I ncreasi ng cost so much. [ 0002] [ Background art] I n har-d-di sk drives
(HDDs) enpl oyi ng magnetic di sks as data storage media, concentric circular
recording tracks are forned on the magnetic di sk. In a conventional HDD,

as -shown for exanple in Figure 2, circukar tracks X2 with a predeterm ned
wi dth are forned concentrically on the recording surface of a magnetic
di sk X1. The recording surface is provided at
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areas there is provided a data sector X5 on which a data area X4
is recorded.

[0003]

In the aforementioned conventional HDD, if a sector is specified
from an outside unit and recording/regeneration is instructed,
the head X6 will be moved to a target track on which the sector
specified for recording/regeneration has been recorded (seek
control). After the head X6 has arrived at the target track, the
head position is adjusted so that the head X6 follows the target
track (following control). The sexvo control, such as seek
control and following control, is performed by driving a head arm

X7 with the head X6 attached thereto by means of a voice coil
motor (VCM) X8.

(0004 ]

A description will hereinafter be made of the following control.

Each servo sector X3, as shown in Figure 3, records a cylinder
ID number (CYLID) indicating a track number, a physical sector
number (SECCNT) indicating a servo pattern number, burst patterns

(WEDGE-A, WEDGE-B, WEDGE-C, WEDGE-D) for tracking (following)
control, and so on.

[0005]

The cylinder ID number CYLID is recorded with special notation
called a gray number code. Unlike normal binary-coded notation,
the gray number code is defined so that each time a wvalue
increases by 1, only a single point in a bit pattern changes.
In the gray number code, even when the head X6 flies between the



In the aforenentioned conventional HDD, if a sector is specified froman
outside unit and recording/regeneration is instructed, the head X6 wll be
. moved to a target track on which the sector specified for
recordi ng/ regeneration has been recorded (seek control). After the head X6
has arrived at the target track, the head position is adjusted so that the
head X6 follows the target track (foll®wi ng control). The servo control
such as seek control and followi ng control, is performed by driving a head
arm X7 with the head X6 attached thereto by nmeans of a voice coil notor
(v X8. _[0004} A description w || _hereinafter be made of the
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cyl i nder obRanneter (CYLID) indicating a track nunber, a physical sector
nunber (SECCNT) indicating a servo pattern nunber, burst patterns (WEDGE-A,
VEDGE- B, VWEDGE-C, WEDGE-D) for tracking (follow ng) control, and so on.
[0005] [PRE6dy|inder ID nunber CYLID is recorded with special notation
called a gray nunber code. Unlike normal binary-coded notation, the gray
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single point in a bit pattern changes. In the gray nunber code, even when
t he head €Rehf |ingdd vidpadeserNe pattérn. Even when” the radial position

varies, this number does not change, so it is recorded with
binary-coded notation.

[0007]

The burst patterns (WEDGE-A, WEDGE-B, WEDGE-C, WEDGE-D) are
magnetic patterns for removing the uncertainty of the cylinder
ID number CYLID such as described above, deciding. over which
track the head is positioned among adjacent tracks, and also
; detecting a detail position on a track. The burst patterns, as
shown in Figure 3, are recorded so that the radial recorded
positions of the burst patterns each having the width of two

track pitches as one cycle differ from each other by half the
track pitch.

{0008]

.If the head X6 passes over tracks constructed as described above,
the regenerated outputs CYLID, SECCNT, WEDGE-A, WEDGE-B, WEDGE-~C,
and WEDGE-D will appear in this orxder on the output of the
magnetic head X6. The regenerated levels A, B, C, and D of these
burst patterns WEDGE-A, WEDGE-B, WEDGE-C, and WEDGE-D change in
correspondence with the position of the head X6.

[0009]

Figure 4 shows a change in the regenerated level of each burst
pattern in the case where the center position of the head X6



3~ cylinder ID nunbers CYLIDn and CYLIDn-1, either value is always
obt ai ned. [ 0006] The physical sector nunber SECCNT is a nunber for
.identifying each individual servo pattern. Even when the radial position
varies, this nunber does not change, so it is recorded w th binary-coded
not at i on. [ 0007] The burst patterns (WEDGE-A, WEDGE-B, WEDGE-C,
VWEDGE-D) are magnetic patterns for renoving the uncertainty of the cylinder
| D nunber CYLID such as descri bed abové, deciding over which track the head
i s positioned among adj acent tracks, and al so detecting a detail position
on a track The burst patterns, as shomn in Figure 3, are recorded so that

t he radi ecorged p03|t|ons of t ur st atterns eﬁch havi ng the width

of two t¥ SfcPet HF‘FFe’P Tr rﬁ%é’é‘ﬁ §PHePILY REEFK thettrack
pi tch. 2[00(.ﬁch of the regenerated levels A, B, C, and D changes

linearly in correspondence with the position of the head X6 when
the head X6 is in a predetermined range. Also, A + B and C + D
are nearly constant, respectively. For this reason, from the
regenerated output levels of the burst patterns a position error
signal (PES) can be detected. On this PES, there are two kinds:
a master PES (MPES) employing the aforementioned A and B and a
slave PES (SPES) employing C and D. The MPES and the SPES are
computed by the following equations:

{0010]
A - B 27
MPES = ——— x H + 80h = — x H+ 80h - H (1)
A+ B A+ B
C-D 2C
SPES = ——— x H + 80h = x H+ 80h - H (2)
C + D C+D

where 00h < A, B, C, and D £ FFh and H is the head coefficient
(00h < H < 7Fh, 7F and vicinity). The value areas of the master
position erxrror signal MPES and the slave position error signal
SPES are both greater than 01lh and less than FFh.

[0012]

In the case where the magnetic head X6 passes over the center of
a track n, A and B become equal to each other, so 2A/(A + B)
becomes 1 and MPES becomes 80h. Also, in the case whefe the .
magnetic head X6 is offset from the center of the track n in the
downward direction in Figure 3, does not pass over WEDGE-A, and
passes over only WEDGE-B, A becomes 0, so 2A/(A + B) becomes 0
and MPES becomes Oh. Conversely, -in the case where the magnetic
head X6 is offset from the center of the track n in the upward
direction in Figure 3, passes over only WEDGE-A, and does not



I f*the head X6 passes over tracks constructed as described above, the
regenerated outputs CYLID, SECCNT, WEDGE-A, WEDGE-B, WEDGE-C, and WEDGE- D
MW |l appear in this order on the output of the magnetic head X6. The :
regenerated levels A, B, C, and D of these burst patterns WEDGE- A, WEDGE- B,
VEDGE- C, and WEDGE- D change in correspondence with the position of the head

X6. [ 0009] Figure 4 shows a change in the regenerated |evel of each
burst pattern in the case where the cesmter position of the head X6
4 changes fromone end of a track n - 1 to one end of a track n + 2.

Each of t e r | .ev ' hanges,. | i ly
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respectively. For this reason, fromthe regenerated output |evels of the
bur st patﬁ%@qg a position error signal (PES) can be detected. On this PES,
there are two Qinds: a master PES (MPES) enpl oying the aforenentioned A and
B and a slave PES (SPES) enploying C and D. The MPES and the SPES are
conput ed Inhet he€ofrehkanibge@qualtalation is performed by an MPU equipped

in a hard disk controller (HDC)x9, or a digital'signal processor
(DSP) or an MPU (hereafter referred to as simply'an MPU and the
like) provided separately from the HDC X9. Also, the MPU and the
like compute an operational parameter based on the computed MPES
and SPES, compute coritrol data (DACOUT) for driving the VCM X8,
based on the operational parameter, and supply the control data
to the VCM X8. The VCM X8 changes the position of the head X6,
based on the supplied control data. In this way, the head X6
follows the track X2. By controlling the timing of
recording/regeneration in such a state, Eecording/regeneration
can be performed on a target sector.

[0014]

Based on the cylinder ID number CYLID regenerated in the
aforementioned way, a track number TRK over which the current
head is positioned is detected. Also, the PES obtained in the
aforementioned way is added to the track number TRK and the added

value is supplied to the HDC X9 as position information (POS)
indicating the position of the head.

[0015]

The HDC X9 generates servo data based on the specified target
track and the current head position, controls an operatibn of the
VCMx8, and moves the head X6 to the target track. If the head
X6 arrives over the target track, the HDC X9 will execute
following control such as described above and perform control of
recording/regeneration. '



0010] A- B 2A MPES = x H + 80h

= Xx H+ 80h - H (D) A+ B A+ B .
.C- D 2C SPES = x H+ 80h = Xx H+ 80h - H
(2) C+ D C+ D where 00h [err] A, B, C and

D[err] FFh and His the head coefficient (00h [err] H[err] 7Fh, 7F and
vicinity). The value areas of the master position error signal MPES and the
sl ave position error signal SPES are Both greater than 0lh and | ess than
FFh. [0012] In the case where the " magnetic head X6 passes over the
center of track n, A and B becone equal to each other, so 2A/ (A + B)
becones 1L GHP WPES becomes 8oh. Al so, in the case where the nmagnetic head
X6 is offset fromthe center of the track n in the dowward direction in
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ecomes 0,, so becones and . .. .
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{0017}
[Problems to be solved by the invention]

However, as described above, in the case where servo control,
such as seek control and following control, is performed by the
MPU provided in the HDC, if operaﬁing speed and control precision
are attempted to be enhanced, control load to the MPU within the
HDC will be increased. For this reason, there are limits to
enhancements in the operéting speed and the control precision.

i

{0018]

Also, in the case where.a DSP or an MPU is provided separately
from the MPU provided within the HDC for seek control and
folléwing control, the device fabrication cost will be raised to
more than necessary, because the DSP or the MPU includes
functions not needed for servo control.

(0019}

The present invention has been made in view of problems such as
described above, and accordingly, the object of the invention is
to provide a disk drive which is capable of enhancing operating
speed and control precision without increasing cost so much.



5: pass over WEDGE-B, B becones 0, so 2A/ (A + B) becones 2 and MPES becones
FFh (or CYLID becone 00h on a track n + 1). [ 0013] The af orenenti oned
calculation is perforned by an MPU equi pped in a hard disk controller
"(HDC)x9, or a digital signal processor (DSP) or an MPU (hereafter referred
to as sinply an MPU and the |ike) provided separately fromthe HDC X9.

Al so, the MPU and the |ike conpute an operational paraneter based on the
conput ed MPES and SPES, conpute controf data (DACOUT) for driving the VCM
X8, based on the operational parameter, and supply the control data to the
VCM X8. The VCM X8 changes the position of the head X6, based on the

suppl i ed d892Pdl data. In this way, the head X6 follows the track X2.
By controlling the timng of recording/regeneration in such a state,

recor di ng/, at i.o an e rmed on a target sector. [ 0014]
Based on t[ﬁgg'@g?&négr%% T %?l%‘(& D regenerated in the aforenentioned
way, a track nunber TRK over which the current head is positioned is

det ect ed. rPAHESk diievdRTcoliddngeto ithd peecabnt eiverdritdredcomapriseaddeditr t he

track numgr, ;g dadsthe h%qr%g YAlHE-JoS FURPIRE Grnli@ht 28 %%t%?:sp%'ét on

i nformation (r%) N cating the position of t ehhead. FSS‘ ]
recorded and a data area on which data sectors are recorded; a
record/regenerate section for performing regeneration of a servo
sector recorded on the disk storage medium and also performing
recording or regeneration of a data sector; a drive section for
controlling a position of the record/regenerate section; a
control section for performing at least input-output control of
data with respect to external equipment or control of the
recording or regeneration of a data sector which is performed by
the record/regenerate section; a position information extraction
section for . extracting position information indicating the
position of the 'record/regenerate section from a regenerated
output of the servo sector regenerated by the record/regenerate
section; and an arithmetic section provided separately from the
control section and for computing servo data for driving thé
drive section, based on the position information extracted by the
position information extraction section.

[0021]

The arithmetic section comprises: a plurality of retaining
sections for retaining data generated in the interior of the
position information extraction section, the control section, or
the'arithmetic section; an adder; at least two sélectors for
selecting data which is supplied to the adder from data retained
in the plurality of retaining sections, external input, and from
data generated in the interior of the arithmetic section; and a
hardware sequencer for controlling operations of the retaining
sections, the adder, and the selectors. The servo data may be
computed by control based on the hardware sequencer.



The HDC X9 generates servo data based on the specified target track and the
current head position, controls an operation of the VCW8, and noves the
head X6 to the target track. If the head X6 arrives over the target track,
the HDC X9 will execute follow ng control such as described above and
perform control of recording/regeneration.

6 [0016] An enhancenent in the track density and a reduction in the seek
time can be realized by executing thesaforenentioned follow ng control and
seek control precisely or at high speed. [ 0017] [ Problens to be sol ved
by the invention] However, as described above, in the case where servo
control, s0ek2as seek control and follow ng control, is perforned by the
MPU provided in the HDC, if operating speed and control precision are

attenpted to Pe enhanced, control load to the MPU within the
: referred embodiment ]

Figure 1 is a block diagram showing the constitution of a disk
drive according to a first embodiment of the present invention.

[0023]

This disk drive is equipped with an HDC-MPU integrated chip 10
and a VCM driver section 6. The HDC~MPU integrated chip 10 is
equipped with a magnetic disk 1, a head 2 for performing
recording/regeneration on the magnetic disk 1, a head arm 3 with
the head 2 attached thereto, a head amplifier (AE) 4 disposed
near the head 2 for amplifying a signal regenerated from the head
2, a channel section 5 for performing extraction of a servo
pattern and a cylinder ID number (CYLID) from the regenerated
output supplied through the AE 4 and for performing conversion
of a coding system, an HDC 20 for performing formation of a servo
signal, and an MPU macro block (MPU macro) 11 for controlling an
operation of the entire disk drive.

[0024]

The MPU macro 11 and the HDC 20 are constituted as a single
semiconductor device (HDC-MPU integrated chip 10).

[0025]

On the recording surface of the magnetic disk 1, circular tracks
X2 with a predetermined width are'concentrically formed as in the
magnetic disk X1 shown in Figure 2. Also, the recording surface
is provided with servo areas at intervals of a predétermined

angle. This servo area records a servo pattern X3. On the data



HDC wi || be increased. For this reason, there are limts to enhancenents
I n the operating speed and the control precision. [ 0018] Al so, in the

_ case where a DSP or an MPU is provided separately fromthe MPU provi ded
within the HDC for seek control "and follow ng control, the device
fabrication cost will be raised to nore than necessary, because the DSP
or the MPU includes functions not negded for servo control. [ 0019]
The present invention has been made in view of problenms such as descri bed
above, and accordingly, the object of the invention is to provide a disk

drive which s Gapable, of enfiancing 9peralpg. SRees AN SO 1L TS5 3 O,

[ 0020] [ Sartaaspcobrt K8 Laveatooddd.

(0026]

Each servo sector X3, as with Figure 3, records a cylinder ID
number (CYLID) indicating a track number, a physical sector
number (SECCNT) indicating a servo pattern number, burst patterns
(WEDGE-A, WEDGE-B, WEDGE-C, WEDGE-D) for tracking (following)
control, and so on. '

[0027]

The cylindér ID number CYLID and the physical sector number
SECCNT are coded and recorded by respective coding systems
suitable for recording/regeneration. A channel section 5
regenerates the cylinder ID number CYLID and the physical sector
number SECCNT by decoding systems corresponding to the coding
systems and supplies them to the MPU macro 11. This channel
section 5 also supplies analog voltages A, B, C, and D
corresponding to the regenerated levels of the servo patterns
(WEDGE-A, WEDGE-B, WEDGE-C, WEDGE-D) to the MPU macro 1l1.

(0028]

The MPU macro 11 is equipped with an MPU 12, a read-only memory
(ROM) 13 on which programs and data have been recorded, a random
access memory (RAM) 14, and an analog/digital (AD) conversion
macro block (ADC macro) 15. This ADC macro 15 is equipped with
an analog/digital converter (ADC) 16 for performing an AD
conversion and an ADC register (ADCREG) 17 for retaining the
result of the AD conversion. If the regenerated levels A, B, C,
and D of the servo patterns are supplied from the channel 5, the
ADC 16 will convert the regenerated levels A, B, C, and D to
digital signals in sequence. If the AD conversions end, the ADC



’

A disk drive according to the present invention conprises: a disk storage
medi um having a servo area on which servo sectors are recorded and a data
area on which data sectors are recorded; a record/regenerate section for
perform ng regeneration of a servo sector recorded on the disk storage

medi um and al so perform ng recording or regeneration of a data sector; a
drive section for controlling a p05|tH8n of the record/regenerate sectlon

a control section for performng at |east input-output control of data with
respect to external equipnent or control of the recording or regeneration
of a data:aeehgn whbﬁmyish@Qﬁ%@e&edobyréém&mﬁeﬂwdﬁéegﬁnee@heteecuhoanda
position i f n ext b ctlggeégf(;rll o&m ciget%{,l glt_:@‘{mg ROl ¥ r}formatl on
i ndi cating i 60 of the record/Tegenerate Secti on froma regenerated
out put of the servo sector regenerated by the record/ regenerate section;

and an arigdomwtj c section provided separately fromthe control section and
for conputing servo data for driving the drive section, based on the
position information extracted by the position i nformation extraction
section. THDOUBRF 20This apatiRRAd cWiBRt foFeEERPGOHEEO L, SRR t32 ofor
retaini ng pectémming ogenet iRinngotlabacgeneoat edghalt fte ivheercioinmdl t Be

posi ti on | pl OB 0o PXLLAGL T 0l 8861 OMland NERAIOh $C1d Ofy1 Badbe 1p

arithnetic section; an adder; ors cting data

which is sﬁ‘b‘b‘l"?’edc’%“? hégﬁépdePu‘f"P%?n aa?e) r ¥ n%dr?ﬂe’ﬁ?ﬂéa’iﬁ%r%‘ll???t of @
retai ni ng sectabns/0 e EY)NA2 iflopuperdntmingna dattuagemenaeedibn beeweerheri or

of the ariphpetis $6GL QRa &0 A dardves %a&e%eeceéqdéa{céprzh@%hha@teﬁe

oper ations o the retai ning sections, e sel ectors
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based on the regenerated levels A, B, C, and D of the serxrvo
patterns stored in the ADC register 17, and a static RAM (SRAM)

24 for receiving and transmitting data between the SA 23 and the
MPU 12. o

[0030]

The SIO 22 mutually converts parallel data which is supplied to
the MPU 12 and serial data which is supplied to the channel 5 or
converts parallel servo outputs (DACOUT) from the SA 23 or the
MPU 12 to serial data which is supplied to a digital/analog
conversion (DAC) section provided within the VCM driver section
6. Since the occurrernce of the servo output and the occurrence
of the input-output of data to the channel 5 are low, the disk
drive of this embodiment shares the SIO 22 like this and thereby
reduces the cost of the disk drive. Since the SIO 22 is shared
like this, the SI0 22 performs conflict control between the
processing of data between the MPU 12 and.the channel 5 and the
processing of data which is supplied from the SA 23 or the MPU
12 to the DAC section of the VCM driver section 6.



8 [0022] [ Preferred enbodi ment) Figure 1 is a block di agram show ng
the constitution of a disk drive according to a first enbodi nent of the
present invention. [ 0023] This disk drive is equi pped with an HDC- MPU
integrated chip 10 and a VCM driver section 6. The HDC-MPU integrated chip
10 is equipped with a magnetic disk 1, a head 2 for performng
recordi ng/ regeneration on the nagnetic disk 1, a head arm3 with the head 2
attached thereto, a head anplifier (qﬁ) 4 di sposed near the head 2 for
anplifying a signal regenerated fromthe head 2, a channel section 5 for
perfornin% extraction of a servo pattern and a cylinder |ID nunber (CYLID)-
fromthe r@@éﬁérated out put supplied through the AE 4 and for performng
conversion of a coding system an HDC 20 for performng formation of a

SEervo ?'gﬁ%b1sﬁﬂﬁ 32 NBU U@ﬁLOeQéﬂﬁféﬂNgQ? eie)y & 198 £PRLL 014 NGk AD
operation of the entire disk drive. [[00 .

: x 64 words) and is also employed as an area for retaining various
coefficients or performing a computation, in addition to data
reception and transmission. 1In this constitution, while the ADC
macro 15 incorporated in the MPU 12 has been employed for cost
reduction, an AD converter may also be provided separately from

the MPU 12 to achieve high-speed operation and high precision.

[0032]

While the MPU 12 is operated by a program, the SA 23 is operated
by a previously set hardware sequence. For this reason, while
. the SA 23 has particularly been specified for computation of
servo control, it can be operated at high speed compared with the
MPU 12. 1In addition, after a predetermined parameter has been
set by the MPU 12, the SA 23 can be independently operated, and

consequently, processing load to the MPU 12 is not increased so
much.

[0033]

The SA 23 is mounted as a portion of the HDC 20, which is in turn
provided on the same chip as the MPU macro 11, as described
above. For this reason, while the number of wires xremain
retained between the SA 23, the MPU 12, and the servo control
section 21, the number of terminals for receiving or outputting
a signal from or to an external unit can be reduced. Therefore,
this arrangement can contribute to a reduction in the'package
size and a reduction in the device size.



The MPU nmacro 11 and the HDC 20 are constituted as a single sem conductor
devi ce (HDC- MPU integrated chip 10). [ 0025] On the recording surface of
the magnetic disk 1, circular tracks X2 with a predetermned width are
concentrically fornmed as in the magnetic disk X1 shown in Figure 2. Al so,
the recording surface is provided with servo areas at intervals of a
predeterm ned angle. This servo area records a servo pattern X3. On the

dat a 9 area X4 between adj acent
servo patterns X3 on each track X2 a dif a sector X5 is recorded. [ 0026]

Each servo @@ﬂfr X3, as with Figure 3, records a cylinder |ID nunber
(CYLI D) inhl cating a track nunber, a physical sector nunber (SECCNT)
i ndicating a servo pattern nunber, burst patterns (WEDGE-A, WEDGE- B,
VEEDGE- C, VBR&ESD) 28 otompatds ng pbdsitiom negroordigokl RES3e based on an

interrupt signal supplied from the servo control section 21
(which is generated after the channel 5 has detected a servo
pattern), the extracted cylinder ID number CYLID from the channel
section 5, four AD conversion completion notifications from the
ADC 16, and based on the conversion result data (8 bits or 10
bits) from the ADC register 17. On this position error signal
PES, there are two kinds: a master PES (MPES) employing the
regenerated levels A and B and a slave PES (SPES) employing the
regenerated levels C and D. The MPES and the SPES are obtained
by the following equations:

[0036]
A - B 2A
MPES = x H + 80h = x H+ 80h - H (1)
A+ B A+ B
C-D : 2C
SPES = x H + 80h = x H+ 80h - H (2)
C+ D : C+D

where 00h < A, B, C, and D £ FFh and H is the head coefficient
(00h £ H £ 7Fh, 7F and vicinity). If burst patterns are normal,
A + B and C + D will be nearly constant and these values will be
nearly equal to each other. Therefore, by computing the slave
position error signal SPES by the following equation, the burst
pattern WEDGE-D is rendered unnecessary, thereby being able to

widen an area on which data is recorded.



[ 0027] The cylinder |D nunber CYLID and the physical sector nunber SECCNT
are coded and recorded by respective coding systens suitable for

recordi ng/ regener ati on. A channel section 5 regenerates the cylinder

| D nunber CYLID and the physical sector nunmber SECCNT by decodi ng systens
corresponding to the coding systens and supplies themto the MPU nacro 11.
Thi s channel section 5 also supplies analog voltages A, B, C, and D
corresponding to the regenerated | evel 330f the servo patterns (WEDGE-A,
VEDGE- B, WEDGE-C, WEDGE-D) to the MPU macro 11. [ 0028] The MPU nmacro 11
is equi pped with an MPU 12, a read-only nenory (ROM 13 on which prograns
and data haygsheen recorded, a random access nenory (RAM 14, and an

anal og/ digital "(AD) conversion macro bl ock (ADC macro) 15. This ADC macro
15 is equipped with an anal og/digital converter (ADC) 16 for perform ng an
AD conversion and an ADGkegister (ADCREG 17 for retaining the result of
the AD conversigpgsl{ the regeneratgg leyels A, B, C, and D of the servo
patterns are supplied fe¢omphe channel 5, the ADC 16 will convert the
regenerated levels A B, C, and Dto digital signals in sequence. If the AD
conversions end, the ADRC A+ B '

x x H+ 80 - H (3)
A+ B C+ D
2c
= — x HS + 80 - H
A + B

where 00h < HS < 7Fh and HS is the head coefficient (7F and

vicinity). Also, when C/(A + B) > 1, C/(A + B) is replaced with
1.

[0038]

The value areas of the master position error signal MPES and the
slave position error signal SPES are both greater than 0lh and
less than FFh, but if the value is small, stability is worse.
For this reason, an intermediate value (for example, about 40h
to COh) is selected from the MPES and the SPES and a current in-
track position (CUR_POS) is computed. Also, from the values of
MPES and SPES the cylinder ID number CYLID of a current track is
decided and taken to be a current cylinder (CUR_CYL). The
computations of the current in-track position (CUR_POS) and the

current cylinder (CUR_CYL) are performed according to a table
shown in Figure 5.

[0039]

The changes of the MPES and SPES with respect to the position of
the head 2 in the radial direction of the magnetic disk 1 become
as shown in Figure 6. The current cylinder CUR _CYL which is
computed by a table shown in Figure 5 becomes as shown in Figure



10 16 will supply the conversion results to the ADC register 17 and al so
supply an AD conversion conpletion signal to the HDC 20. [ 0029] The HDC
.20 is equipped with a servo control section 21 for perform ng generation of
a control signal to the channel 5, retrieval of servo patterns, and
generation of a cylinder ID nunber CYLID (gray nunmber code) froma
regenerated output, a serial 1/O0(SIO,,22 for performng a nutual

conversi on between parallel data and d&rial dat a, a hardware sequencer
(hereinafter referred to as a servo assist (SA)) 23 for conputing servo

dat a, based on the regenerated levels A B, C. and D of the servo patterns
stored in!thdlESG régesuation £QRCARY B NE: WFSRAI\/}“?WTEF%‘F PeEtiOmg and
transm t tCoR) w8 aael&etn‘eeeﬂstshﬁ:vSA:ﬁSFagdré ree wiifleh) dspecd @330he pddter SO 22

mut ual |y ﬁpr%%r &eaglaggugé @tda M'&{&%&MWE efle td @t.neeﬁw i 4% fndaéc?“ al

data which is su hanne or_converts servo outf puts
(DACOUT) ¥ %rﬁ‘{’ﬁée’SZAlZ‘StcﬂacﬂchBW/PB’-?Q FORSRNS afhight &SwAPRRAUTRI SRippihedl to a
di gi t al / aeahogi@onbecsnen BDAGhos@CctironFpgane ded withe nsA he3Vedddr | ves

section 6eyShdige I ?magw r@m@%ﬁr tha S@l{é’OcQFLQHE %d &tfgk drg&ﬁ@f&ﬁ

t he input-output of data to the channel are VE O

enbodi mnentYRHEPR LRI D 9 q}ﬁlﬁe“{aw s"‘“éinﬁlefl’rBF@by r%ﬂu%e%u’EF@EO"slfa%}F the
di sk dri veURSIRKe the SIO 22 is shared like this, the SIO 22 perforns
conflict control between the processing of data bet ween the MPU 12 and the

channel 5 8‘890the processing of data which is supplied fromthe SA 23 or
the WPU ! 1

Furthermore, the SA 23 defines as a target track (TAR_TRK) a
track at which the head 2 is desired to be held, and as
hereinafter described, parameters, such as the track distance
(DST) Dbetween this target track and a current track CUR_TRK,
deviation (CPE), the sum of deviations (SPE to be described
later) of a plura;ity of servo patterns (when regenerated), and

the deviation difference (speed CVE) between servo patterns, are
computed.

[0041]

The current track CUR_TRK and the target track TAR_TRK, as shown
in Figure 10, comprise 16-bit CUR_CYL and 16-bit TAR CYL
indicating CYLID and 8-bit CUR_POS and 8-bit TAR POS indicating
in-track position, respectively. Therefore, as shown in Figure
10, the difference between the current track CUR_TRK and the
target track TAR_TRK becomes 24 bits (D0, D1, and D2).

[0042]

The SA 23 takes the absolute value of the high order 16 bits of
the difference between a current track and a target track (D2,
D1), that is, the difference in track number (CYLID) between a
current track and a target track to be track distance DST. The



12 to the DAC section of the VCM driver section 6. [ 0031]

The SRAM 24 has, for exanple, a capacity of 128 bytes (16 bits x 64 words)
and is al so enployed as an area for retaining various coefficients or
perform ng a conmputation, in addition to data reception and transm ssi on.
In this constitution, while the ADC macro 15 incorporated in the MPU 12 has
been enpl oyed for cost reduction, an AD converter may al so be provided
separately fromthe MPU 12 to achi eveifi gh-speed operati on and hi gh

preci si on. [ 0032] While the MPU 12 is operated by a program the SA 23

I's operat e%AbmaaPégu\llagg{é %b%e&l?%‘é%“f?él RUMERCEne Mk B%éfrfé‘%irl:s While

the SA 23 has partic een sg for conputa I on of servo contro
it can be G¥dfsrencst (mlgh RObed tBatpdifed W h1PheORPEFr 18 Ritsi0aft ithe,
after a preddéfersnnedipatasekehuliaer DEEILIDgt beywbbr &Pthdzent heraShk dhdcan

be | ndependenilt 4P 8L kR anaNdnCeRAEA RN bt onP LB0BE kB0 RS st e R 12

IS not increase
value area of the deviation CPE is 8000h to 7FFFh. 1In addition,

the SA 23 takes the absolute value of the deviation CPE to be
absolute deviation APE.

[0043]

The track distance DST, deviation CPE, and absolute deviation APE
are computed by the SA 23 each time each servo pattern is
regenerated. Also, the SA 23 retains at least deviation CPE, and
when a plufality of servo patterns are regenerated, the SA 23
computes the sum of the deviations (deviation sum) SPE and the
difference in deviation (speed) CVE between servo patterns.
Furthermore, the SA 23 computes the absolute value (absolute
speed) AVE of the speed CVE.

[0044)

A description will be made of the case where the head 2 arrives
from the position A on the 22nd servo pattern at the position B
on the 23rd servo pattern, on the way to track 1235h where the
head 2 moves, as shown for example in Figure 11. When the head
2 is at position B, the track distance DST is 0003h. Also, when
the head 2 is at position B, the deviation CPE is 0200. The
- preceding deviation CPE (PPE), that is, the deviation CPE when
the head 2 is at position A is 0630h. Theréfore, the absolute
deviation APE becomes 0200h. Also, the speed CVE is the
difference between these deviations CPE, 0200h - 0630h = FDDOh
or - 430h. Therefore, the absolute speed AVE becomes 0430h.



[0033] The SA 23 is nounted as a portion of the HDC 20, which is in turn
provi ded on the sanme chip as the MPU nacro 11, as descri bed above. For
this reason, while the nunber of wires remain retained between the SA 23,
the MPU 12, and the servo control section 21, the nunber of termnals for
receiving or outputting a signal fromor to an external unit can be
reduced. Therefore, this arrangement can contribute to a reduction in the
package size and a reduction in the degice size.

12 [0034] The SA 23 conputes a position error signal (PES), based on an
I nterrupt E?? supplied fromthe servo control section 21 (which is
gener at ed er“the channel 5 has detected a servo pattern), the extracted
cylinder ID nunber CYLID fromthe channel section 5, four AD conversion

conpl et i onipottd lpm{amalaarér@fétdm Pedlls duitribeadabovd N@&heOBNEESivaLl

resul t dat ] osition
error sign ?ggﬁgﬁ ?%er%%g¥§’ ﬁ% Qgggg Sghggéé§gﬁ%S%Pﬁ%ES?gha%P%§¥%g t he
regenerated levels A and B and a slave PES (SPES) enpl oying the regenerated
| evel s C apdo®sjThe MPES and the SPES are obtained

1. Range judgments of deviation and speed and selection of
corresponding processing

There is usually a need to change the characteristics of servo
processing in correspondence with the aforementioned deviation
(CPE and APE) between a target track and a current track and the
aforementioned speed (CVE and AVE) between servo patterns. 1In
the disk drive of this embodiment, as shown in Figure 12, the
value areas of absolute deviation APE and absolute speed AVE are
divided into 9 ranges, respectively, and parameters APEO through
APE7 and AVE(Q through AVE7 each indicating a boundary between
ranges are set. These range parameters are set so as to satisfy
APE0 < APEl < APE2 < APE3 < APE4 < APE5 < APE6 < APE7 and -AVEQ
< AVEl < AVE2 < AVE3 < AVE4 < AVE5 < AVE6 < AVE7.

[0047]

The SA 23 compares the absolute deviation APE and absolute speed
AVE computed in the aforementioned way with the parameters APEQ
through APE7 and AVEQ through AVE7, 0000h, and 8000h, and judges

in which ranges the absolute deviation APE and absolute speed AVE
are located.

[0048)

. The range number (PRANGE) becomes 0 when absolute deviation APE
is less than APEO and becomes 8 when it is greater than APE7.
In the aforementioned computation equation, there is the



by the foll owi ng equations:. [ 0036] A- B

MPES =
-B
x H + 80h

X H + 80h = Xx H+ 80h - H (1)
A+ B C- D 2C SPES =
= Xx H+ 80h - H (2) C+ D

C+ D where O0Oh [err] A B, C and D J[err] FFh and His the head
coefficient (00h [err] H[err] 7Fh, 7Fand vicinity). If burst patterns are

normal, A+ Band C+ Dwll be nearly constant and these values wll be

nearly equal to each other. Therefore, by conputing the slave position

error si gnalosaREI 1Ryt RRaLOLEGMA Yo UEHE 3N e BE GLeRAt t 8 o MEDGE] i s
render ed unnec,gehsastaré/a,sét her.eby bein & le?: 0 W den,an rea o whi.ch data is

recor ded.

in

the ‘range ecomes 9.1

7]absolute
speed AVE, the range numbers (VRANGE) are likewise computed.

[0049]

The SA 23 performs feedback processing on the VCM driver section
6 in correspondence with the computed range numbers (PRANGE and
VRANGE). For example, in seek processing, when the head 2 is at
a position far away from a target track, the absolute deviation
APE is large, and when the head 2 is at a position near to a
target track, the absolute deviation APE is small. Therefore,
if a feedback value to the VCM driver section 6 is set so as to
be large when absolute deviation APE is large and if a feedback
value to the VCM driver section 6 is set so as to be small when
absolute deviation APE is small, the deceleration of the head 2
near a target track can be realized. Thus, by reducing the speed
of the head 2 near a target track, the head 2 is preventéd from
moving over a line, thereby being able to contribute to a
shortage in the seek time,.and track following becomes easy.

[0050]

The SA 23 also executes abort processing, based on the ranges of
absolute deviation and absolute speed. For absolute deviation
APE and absolute speed AVE, respective range references (for
example, APE3 and AVE4) are set. For the range references,
different references are also set to writing/reading. The SA 23
aborts write/read processing if either one or the .other of the
aforementioned computed absolute deviation and absolute speed
ranges exceeds the reference. By performing abort processing

such as this, writing/reading with respect to a wrong track can
be prevented.

2A
A+



N

2C SPES = x H+ 80h - H C+ D 2C
A+ B = X x H+ 80 -H (3)

A+ B C + D 2C X HS + 80 - H

A+ B where 00h [err] HS [err] 7Fh and HS is the head coefficient (7F and
vicinity). Also, when CJ (A + B) > 1, C(A + B) is replaced with 1. [ 0038]

The val ue areas of the naster position error signal MPES and the sl ave
position error signal SPES are both greager than 0l1h and | ess than FFh, but
if the value is small, stability is worse. For this reason, an internedi ate
val ue (for exanple, about 40h to COh) is selected fromthe MPES and the
SPES. and al@0Ptént in- track position (CUR POS) is conputed. Also, fromthe
val ues of MPES and SPES the cylinder ID nunber CYLID of a current track is

of 1 he. cur fent ERLEFAER BRbiidGhn B BEEFe APt P Rlrersafic, nder (OR
CYL) are performed according to a table shomn in Figure 5. [ 0039] The
changes of rhhe tMBESa@bgdefBbiohéd r&spect groceBeipgsi ttid afbdediead?2 in
the radial w@%‘i%'/?:@ac?iné mecasnggggtﬁ&rfg%dlbgﬁg@% current deviation and
speed, but during writing, the position of the head 2 when the
next servo pattern is regenerated is predicted and then write
abortion is performed. More specifically, the SA 23 predicts the
position deviation at the next servo pattern from the absolute
value of CPE + CVE and then performs write abortion in the case
where the absolute value of the predicted value is not within a
certain reference value (PWAC) or it is greater than 7FFFh.

[0052]

In such a case, that is, in the case where | CPE + CVE | > PWAC
or | CPE + CVE | > 7FFFh, when a servo pattern n in Figure 13,
for example, is regenerated, it is predicted that the deviation
at the next servo pattern will be large and it is judged that it

is improper to continue a write operation, so writing is aborted.

[0053]

On the reference value PWAC, an appropriate value is set with the
anticipation that as a result of computation at a current servo
pattern, the feedback control to the VCM driver section 6 is
performed and also the position of the head 2 is corrected.

[0054)
3. Cylinder ID estimation processing

As previously described, a cylinder ID number (CYLID) is obtained

if the gray number code in a servo pattern is regenerated, but



as shown in Figure 6. The current cylinder CURCYL which is conputed by a
table shown in Figure 5 beconmes as shown in Figure

14 7. Also, an equation for conputing a current in-track position CURPCS
becomes as shown in Figure 8 with respect to the position of-the head 2 in
the radial direction of the magnetic disk 1, and the current in-track
position CURPCS which is conmputed by this equation becones as shown in
Figure 9. The SA 23 adds the currenf”%ylinder CURCYL- and t he current
in-track position CUR POS conputed in this way and defines it as a current
track CURTRK [ 0040] Furthernore, the SA 23 defines as a target track
(TAR TRK) H#heR ablke dtedthi znig movidgd as nighetPet (19958 REPJCASRT wRere

her ei naf t eevee st rgixed nyieaimebaescosteinas treedt ¢roke di Snasoeh (HSTgsdet ween

Lhis targeisl taek o20¢ duiBbleBbab! agk SHETIRprdedifld odk (4Edxrdiie ShN Of
devi ati ons éSPE tg escribed later) o ,i plurality of sergg patterns
(when regefigPEERY) ofadhg nkeadyPRELEACRI MletedCe ¥ d RY/EFPLBL WeenPRer vo

patterns, peefoomgditwikil fh@OAEKt servo pattern is regenerated.

[0055]

For the aforementioned reasons, the SA 23 will perform estimation
of a cylinder ID number in the aforementioned case.

For example, as shown in Figure 14, when the cylinder ID number
(CCYLIDn) of a certain servo pattern is obtained, the SA 23
computes the difference IVEn (intercylinder speed) between the
obtained cylinder ID number and the cylinder ID number (CCYLIDn-
1) one before this. If the intercylinder speed IVEn is greater
than a previously prescribed reference speed (AVC which is
prescribed based on the speed of the head 2 at which the
probability of gray code read error occurrence becomes high), the
SA 23 will judge that a gray code read error has occurred, will
set the CCYLIDn of the servo pattern n to CCYLIDn-1 + IVEn-1, and
will continue the servo control thereafter. '

[0056]

The aforementioned operation makes it possible to continue servo
control even if temporarily a cylinder ID read error occurred and
can contribute to the high-speed operation of seek control.



The current track CURTRK and the target track TAR TRK, as shown in Figure
10, conprise 16-bit CURCYL and 16-bit TARCYL indicating CYLID and

-8-bit CURPCS and 8-bit TAR POCS indicating in-track position,

respectively.

Therefore, as shown in Figure 10, the difference between the-current track
CURTRK and the target track TARTRK becones 24 bits (DO, D1, and D2).

[ 0042] The SA 23 takes the absol ute_ val ue of the high order

16 bits of

the difference between a current track and a target track (D2, D1), that
is, the difference in track nunber (CYLID) between a current track and a

target track to be track distance DST. The

15 SA 23
di fferenc

féqy%]takes the difference between-the | ow order 16 bits of
e

that is, the low order 8 bits of the difference in

track nunber (CYLID) between a current track and a target track and

i n-track p@SItPﬁatdgélﬁI(Bﬁmpﬂﬂrh GBE sﬁhe(sabweoar@asmtlbheddeyaﬂibﬁg CPE

i s 8000h to 7EEFh. addition, -t S e val ue of the
devi ation CPE f rbe 5% Fh% & a ;%%EEQKS S S

ut &Y dévi

In order to determine servo data for driving the VCM driver
section 6, the previous sum (SPE) of the position deviations
between servo patterns is employed. The SA 23 sets an initial
value to this SPE at a certain point of time (for example, when
a specified servo pattern is regenerated) and adds deviation CPE
to it for each servo pattern thereafter. Note that when the
addition is performed, the SA 23 judges whether or not deviation
CPE is within a SPE addition reference, based on the
aforementioned range numbers, and performs the addition only when
the deviation is within the reference. Such judgment can remove
the influence of a deviation when it has become large
temporarily.

[0058]

After the aforementioned processing has been executed, the SA 23
computes servo data (CNTIN) for controlling the VCM driver
section 6. This servo data CNTIN is computed, for example,
according to the following equation as the sum of deviation CPE,
speed CVE, deviation sum SPE, and calculated values being
obtained at the time of the regeneration of the preceding servo
pattern, multiplied by appropriate coefficients.

(0059}

CNTIN = U + CENT (4)

U = KO x CPE + K1 x CVE + K2 x SPE + K3 x Ul + K4 x U2
U2 = Ul

Ul = - U



[ 0043] The track di stance DST, deviation CPE, and absol ute devi.ati on APE
are conputed by the SA 23 each tine each servo pattern is regenerated.

Al so, the SA 23 retains at |east deviation CPE, and when a plurality of
servo patterns are regenerated, the SA 23 conputes the sum of the

devi ations (deviation sum SPE and the difference in deviation (speed) CVE
bet ween servo patterns. Furthernore, the SA 23 conputes the absol ute val ue
(absol ute speed) AVE of the speed CViy [ 0044] A description will be
made of the case where the head 2 arrives fromthe position A on the 22nd
servo pattern at the position B on the 23rd servo pattern, on the way to

track 1235 e ad es f 1. Wen
t he head ﬁﬁew:lg(?p;@l’t P%ﬁ , ’Fg)e{ t?%%icﬁl@;égncgé’b%&{%&bé% £t %ﬁégt%vvhen
the head 2 is at position B, the deviation CPE is 0200. The pr ecedi ng

devi ati ong@Ps0{ PPE), that is, the deviation CPE when the head 2 is at
position A is 0630h. Therefore, the absolute deviation APE becones 0200h.
Also, the geed CVE is the difference between these devi ati ons CPE,

0200h - 08BB®hSE ?Eiﬂﬂrﬁﬁrms4§E#FeQTRﬁQQQSPéngth%v%ﬁﬁ&ﬂHkHﬁgsﬁE@GeﬂﬁEnHecones

0430h. value gain adjustment, and limit proce$6ing on the servo data
CNTIN computed in the aforementioned way, and supplies the
processed servo data to the SIO 22 as control data DACOUT which
is fed back to the VCM-driver section 6. The SIO 22 suppliés the
control data DACOUT from the SA 23 to the DAC section of the VCM
driver section 6, as serial data. Based on the supplied data
(DACOUT), the DAC section of the VCM driver section 6 drives a
VCM, thereby controlling the position of the head 2.

[0061]

The value gain adjustment and the limit processing will be
executed as follows.

The operation of the VCM, incidentally, is determined by voltage
which is applied, that is, an analog value. This voltage is
generated. based on a VCM feedback value (digital control data
- DACOUT) supplied to the DAC section of the VCM driver section 6.
The gain (high/low gain) of the DAC section can be adjusted
during operation so that the output voltage can be finely
adjusted in a range where voltage is small. For this reason, the
SA 23 switches the gain of the DAC section of the VCM driver
section 6 so that DAC section has a high gain in a range where
servo data CNTIN is between F800h and FF00Oh and between 0100h and
0800h and also has a low gain in a range where servo data CNTIN
is between FFOOh and 0100h, as shown for example in Figure 15(a).
As the switching is performed, the equation for computing the
value of DACOUT is changed so that the output voltage of the DAC
section does not become discontinuous. With this chahge, the
output voltage of the DAC section becomes continuous as shown in



[ 0045] If the paraneters are conputed as descri bed above, the SA 23 w |
performthe foll ow ng processing, based on these paraneters. [ 0046] 1.
Range judgnments of deviation and speed and sel ection of correspondi ng
processi ng There is usually a need to change the characteristics of servo
processing i-n correspondence with the aforenenti oned deviation (CPE and
APE) between a target track and a currgnt track and the aforenentioned
speed (CVE and AVE) between servo patterns. In the disk drive of this
enbodi ment, as shown in Figure 12, the value areas of absolute deviation

. APE and absol ute speed AVE are divided into 9 ranges, respectively, and

par amet er sFIARE® t Hy Gupgh APEowrid RVEODACHWL g IAE besmalesi ddscant hguaus

boundary he{areede FANAEs AT @B - i s NESB AN GE0RAr anBt §1L80R] CaSebhs&Pn asnt O
satisfy APED < AP S, APE2 < APES < APE4 < APES < APEG_ < APE7 and AVEO <

AVEL < AVEZBIR/EP (8)aVE4 < AVES < AVE6 < AVET. [ 0047] The SA 23
conpares the absol ute devi ati on APE and absol ute speed AVE conputed in the
af orenent i pay w th the paraneters APEO through APE7 and AVEO through
AVE7, 0000 and 8000h, and judges in which ranges the absol ute devi ation

APE and absolute speed AVE are | ocated. [ 0048]
Also, there are cases where an output voltage limit is necessary

as the characteristic of the VCM. The SA 23 limits the value of
control data DACOUT when servo data CNTIN is less than a lower
limit value (which is determined in correspondence with the lower
limit value of the output voltage of the DAC section of the VCM
driver section 6) or greater than an upper limit value (which is
determined in correspondeﬁce with the upper limit wvalue of the
output voltage of the DAC section). With this limit, the output
voltage of the DAC section of the VCM driver section 6 is

maintained within a predetermined range as shown in Figure 15(b).
(0063]

More specifically, the SA 23 is constituted as shown in Figure
16 and is equipped with registers W0 through W4 for retaining
data temporarily, selectors S0 through S6 for performing data
selection and also performing simple data processing such as data
inversion and shift, a 16-bit adder (hereinafter referred to as
simply an adder) 26 for performing addition of two 16-bit data,
a SIO timer 27 for controlling the timing at which the SI0O 22 is
output, and a hardware state machine 29 for performing the entire
control of the Sa 23.

[0064)

The control of the setting of data to the registers W0 through
W4 and the control of the switching by the selectors S0 through
§5 are performed according to a predetermined procedure by the
hardware state machine 29. '



The range nunber (PRANGE) becones 0 when absolute deviation APE is |ess
than APEO and becones 8 when it is greater than APE7. In the aforenentioned
“conput ati on equation, there is the - 17
possibility that deviation CPE will not be within 16 bits, and in that

case, the range nunber becones 9. Also, for absolute speed AVE, the range
nunbers (VRANGE) are |ikew se conputed. 23 [ 0049] The SA 23 perforns

f eedback processing on the VCM driver section 6 in correspondence with the
conput ed range nunbers (PRANGE and VRANCGE). For exanple, in seek
processi ng, when the head 2 is at a position far away froma target track,
the absoluggogg iation APE is large, and when the head 2 is at a position
near to a target track, the absolute deviation APE is small. Therefore, if
a feedback value to the VCM driver section 6 is set so as to be | arge when
absol ut e d€heéoatdder ARE a geharrgé himary addegediiabkawainitiad tdasryClngnicver

section 6 i$ceind% ah b BELPUR! (cHRPMRPIRELENndCY] A OBk 1loh S'EBFL]:' ,
t he decelerat|0f of the head gear ﬁ target track can be realized. Thus,
by reduci n§*EHR SpdEY oMY Ae "Hed8T25ReF- a target track, the head 2 is

prevented from noving over a |line, thereby being able to contribute to a

[0066]

The outputs of the ADC register 17 and the SRAM 24 shown in
Figure 1 and the outputs of the registers W3 and W4 and the adder
26 shown in Figure 16 are supplied to the selector S5. The
output of the selector S5 is supplied to the selectors S0, Si,
and S2. The output of the adder 26 is also supplied to the
selector S6 and the registers W3 and W4.

[0067]

The selector S6 selects either the data from the MPU 12 in Figure
1 or the output of the adder 26 and supplies the selected one to
the SRAM 24, by control from the state machine 29.

[0068)

The output of the selector S5, the cylinder ID number (CYLID)
from the channel 5 in Figure 1, and the output of the register
W2 are supplied to the selector S0. The output of the selector
S0 is supplied to the register WO.

[0069]

The output of the selector 85, the carry output (CAR) of the
adder 26, and the output of the register Wl are supplied to the

selector S1. The output of the selector S1 is supplied to the
register Wl. .



short age

in the seek tinme, and track foll ow ng becones easy. [ 0050]

SA 23 al so executes abort processing, based on the ranges of absol ute
. devi ation and absol ute speed. For absol ute deviation APE and absol ute speed
AVE, respective range references (for exanple, APE3 and AVE4) are set.

For the r

writing/reading. The SA 23 aborts wite/read processing if ei ther one or

ange references, different references are also set to

The

the other of the aforenentioned conput®d absol ute devi ati on and absol ute

speed ranges exceeds the reference.

this, witing/reading with respect to a wong track can be prevented.

18 [ 0051f007@) Devi ation prediction and wite abort processing

By perform ng abort processing such as

In the

aforenmenti oned abort processing, the abortion of witing/reading has been

per f or med
position

pRseg.on curtent deviation ggd speed, but Urino wikiTag. e

adder 26, and the output of the register W2 are supplied to the

selector S2. The output of the selector 82 is supplied to the
register WwW2.

[0071]

The outputs of the registers W0 and W2 are supplied to the
selector S3. The selector 83 selects either one output or the
other of the registers W0 and W2 in correspondence with control
from the state machine 29 and supplies the selected output to one
of the inputs of the adder 26. Also, the output of the register
W1 is supplied to the selector S1, inverter INV, and to the
selector S4. The output of the inverter INV is also supplied to
the selector S4. The selector S4 selects either the output of
the register W1l or the inverted output of the register Wl
inverted by the inverter INV in correspondence with control from
the state machine 29 and supplies the selected output to the
other input of the adder 26.

{0072}

The output of the adder 26 is supplied to the SIO 22 shown in
Figure 1. The output of the SIO 22 is supplied in serial form
to the DAC section of the VCM driver section 6 at the timing
instructed by the SIO timer 27.

[0073]
The SA 23, as shown in Figure 16, is simply constituted by the

adder 26, the registers W0 through W4, and the selectors S0
through S5, but the SA 23 is constructed so as to be able to



next servo pattern is regenerated is predicted and then wite abortion is
performed. More specifically, the SA 23 predicts the position deviation at
‘the next servo pattern fromthe absolute value of CPE + CVE and t hen
perfornms wite abortion in the case where the absol ute val ue of the
predicted value is not within a certain reference value (PWAC) or it is
greater than 7FFFh. [ 0052] In such a case, that is, in the case where |
CPE + CVE | > PWAC or | CPE + CVE | > “TFFFh, when a servo pattern n in
Figure 13, for exanple, is regenerated, it is predicted that the deviation
at the next servo pattern wll be large and it is judged that it is

i proper  t QpeGRidnNUR 1A wrdft e apeeraaf&fbmeml%éal Ngetvo AbREEEL s 5 nd,0033)
On the refere(: alue PWA ag {HI te val ueléhset\mth fh

anti ci pati on tha éggachgﬁF?tb?n Pofi tate fMEUH 2 %ser vo pattern,

t he feedback control to the VCNIdrlver section 6 is perfornmed and al so the
position offddvajhead 2 is corrected. [ 0054] 3. Cylinder ID estimation
processi ng As previously described, a cylinder ID nunber (CYLID) is

obtained if the gray nunber code in a servo pattern is regenerated, but
The operation of the SA 23 will hereinafter be described.

1. Read-write operation/addition operation on a SRAM

In the case where the content of the SRAM 24 is set to the
register W1, the state machine 29 supplies both an address on the
SRAM 24 at which the data to be set to the register Wl has been
recorded and a read request to the SRAM 24. At the same time,
the state machine 29 instructs the selector S5 to select the SRAM
24 and the selector S1 to select the selector S5. In the
selected state, if the setting of data to the register Wl is
instructed, data read from the SRAM 24 will be supplied and set
to the register Wl, as shown in Figure 17(a).

[0075]

In the case where addition, for example, the computation of Wl
= W0 + W1 is performed, the state machine 29 first controls the
selectors S0 and S4 to set the values of WO and W1 and then
instructs the adder 26 to perform the computation. With this
instruction, the value of W0 + Wl is output from the adder 26.
Finally, the selectors S5 and S0 are controlled so that the
output of the adder 26 is supplied to the register Wl. If
storage of the data supplied to the register W1l is instructed,

the computation result of W0 + W1l will be stored in Wil (Figure
17(b}).



19 when the head 2 is noving at high speed, there are cases where even a
gray number code contains a read error. In such a case, if the gray nunber
"code is sinply processed as an error, the control of the head position wll
no longer be able to be performed until the next servo patternis

regener at ed. [ 0055] For the aforenentioned reasons, the SA 23 will
performestimation of a cylinder ID nunber in the aforenentioned case.

For exanple, as shown in Figure 14, whee the cylinder ID nunber (CCYLI Dn)
of a certain servo pattern is obtained, the SA 23 conputes the difference

| VEn (intercylinder speed) between the obtained cylinder |ID nunber and the
cyl i nder Igb@pgper (CCYLIDn- 1) one before this. If the intercylinder speed
| VEn is greater” than a previously prescribed reference speed (AVC which is
prescribed based on the speed of the head 2 at which the probability of
gray code Irathercase odore ethee domtemes olii ghe, rédicstehk 20 sl krjiudea tbat a
gray code £Rads@ky 04 haal@%gtree%acwlhle 5§t lhger&\ét'éa% Ue 1fett%o§e£;§0to

Dn-1 + | VEn-1, and w || conti nue servo cont
Fﬁ;ﬁg;?tgrtolé%%%%ﬁﬁ resister WO and makes the output of the selector S4

and the initial carry input (IC) of the adder 26 equal to zero.
Therefore, the value of the register W0 appears on the output of
the adder 26. At the same time, the state machine 29 supplies
both an address on the SRAM 24 at which the data in the register
W0 is stored and a write request to the SRAM 24. Therefore, as
shown in Figure 17(a), the data retained on the register W0 is
stored at the selected address on the SRAM 24.

[0077]

Note that since there is the possibility that the SRAM 24 will
have access from the MPU 12, the SRAM 24 is provided with a f

conflict control mechanism which can cope with the access at the

same time. For this reason, as shown in Figure 17(a), single
access to the SRAM 24 requires about 75 ns, including conflict
control.

[0078]

However, the adder 26 is empty while data is being read from the
SRAM 24. For this reason, if the state machine 29 is constructed
so that after the reading of data from the SRAM 24 shown in
Figure 17(a) has been ended, the state machine 29 instructs the
adder 26 to perform a computation, as shown in Figure 17(b), and
so that the state machine 29 performs reading control of data
from the SRAM 24 to the register at the same time, then access

to the SRAM 24 and computation by the adder 26 can be performed
at the same time.



The aforenentioned operation nmakes it possible to continue servo control
even if tenporarily a cylinder ID read error occurred and can contribute to
‘t he hi gh-speed operation of seek control.

20 [ 0057] 4. Process of computing the sum (SPE) of position deviations
when a plurality of servo patterns are regenerated In order to determ ne
servo data for driving the VCM driver section 6, the previous sum (SPE) of
the position deviations between servo patterns is enployed. The SA 23 sets
an initial value to this SPE at a certé?r1 point of time (for exanple, when
a specified servo pattern is regenerat’®d) and adds deviation CPE to it for
each servo p@P72in thereafter. Note that when the addition is perfornmed,
the SA 23 judges whether or not deviation CPE is within a SPE addition

ref erence, P ég gm%ﬂg afor.gnentjoned.range nunbers and Srforns t he
L. t
addi ti on on g en gﬁe@ia “on T8 SCrh 3 gfﬁ% P P CPCTETERY LAGRBAT can
renove the F fF@%ﬁ%ﬁ“bﬂ4aa@évF&ﬁPBhavw@ﬂ1QX.QH&sa@@%©ﬁ§5K@mg@eteﬁpﬁpamedy
in parallel. Furthermore, as shown in Figures 17(c) and (d), if
the state machine 29 is constructed so that the selection of an
address on the SRAM 24, to which the result of computation is
written, and the computation of W2 + Wl are executed in parallel
and so that after_the end of computation, the result of the
computation is written directly to the selected address on the

SRAM 24, even higher-speed operation will be possible.

[0080]
2. Subtraction and comparison

Subtraction can be realized by a similar operation as addition,
if data supplied to the adder 26 by the selector 4 is employed
as the inverted output of the register Wl. That is, in the case
where subtraction is performed, the state machine 29 instructs
the selector S3 to select the register W0 and the selector S4 to
select the inverted output of the register Wl inverted through
the inverter INV and also sets the initial carry input (IC) of
the adder 26 to 1. With this, the output of the register W0 and
the inverted output - Wl of the register Wl are supplied to the
adder 26, which in turn outputs the sum of these, that is, WO -
Wl. The result of the subtraction can be fetched to arbitrary
registers WO through W4 by controlling the selectors 85 and S0
through S2 and the data retention of each register.

(0081]

"When W0 2 W1, the carry output (CAR) of the adder 26 becomes 1,
and consequently, this computation can also be employed in the
comparison in size between the values of W0 and Wl.



[ 0058] After the aforenentioned processi-ng has been executed, the SA 23
conputes servo data (CNTIN) for controlling the VCM driver section 6. This
"servo data CNTIN is conmputed, for exanple, according to the follow ng
equation as the sum of deviation CPE, speed CVE, deviation sum SPE, and

cal cul ated val ues being obtained at the tinme of the regeneration of the

precedi ng servo pattern, nultiplied by appropriate coefficients. [ 0059]
CNTIN = U + CENT (4) U= KO x CPE ggK1 x CVE + K2 x SPE + K3 x Ul + K4
x U2 U2 = Ul ur =- U 21

where KO, Iﬁ),oelézl, K3, K4, and CENT are correction coefficients: [ 0060]

3. Multiplication

Multiplication is performed with similar principles as decimal
multiplication that is performed by manual computation, but in
the case of binary, multiplication is simple; and as shown in
Figure 18, if a bit corresponding to a multiplier is 1,

multiplication can be realized by adding a multiplicand.

[0083]

While a description will hereinafter be made of the case of 8
bits, even in the case of 16 bits the differing point is only the
number of loops but description is consistent with an 8-bit case.

[0084]

In fact the state machine 29 is constituted by a hardware logic,
and the operation in the case where multiplication is performed
is expressed by a flowchart shown in Figure 19.

[0085]

That is, in the case where multiplication is performed, the state
machine 29 first advances to step ST1, and controls the selectors
S1, S2, and S5 and the registers Wl and W2 so that a maltiplicand
(for example, 11) is stored in Wl and a multiplier (for example,
3) in W2, as shown in Figure 20(a). The state machine 29 also
controls the selector SO0 and the register WO so that the value
of the register WO becomes 0.



The SA 23 perforns filter processing, oversanpling processing, value gain
adjustnent, and limt processing on the servo data CNTIN conputed in the
-af orenmenti oned way, and supplies the processed servo data to the SIO 22 as
control data DACOUT which is fed back to the VCM driver section 6. The SIO
22 supplies the control data DACOUT fromthe SA 23 to the DAC section of
the VCM driver section 6, as-serial data. Based on the supplied data
(DACQUT), the DAC section of the VCM dpgver section 6 drives a VCM thereby
controlling the position of the head 2. [ 0061] The val ue gain

adj ust nent {;161(?% he limt processing will be executed as foll ows. The
operation o VCM incidentally, is determ ned by voltage which is
applied, that is, an anal og val ue. This voltage is generated based on a

VCM f eedbacie@) ugné disghlkal neiine!l Hat a0dNddT) tSUpRép edr0 drdte Phdges
section of thetVCM driver section 6. .Thef%al r{h%)hlthé‘ggy gl gi} of _fhe Dﬁc
section can"BetNd B AP ehd o658 BEPBREEE TR tg t “V%I Y2g®®cqh be
finely adjushedré¢gistermrife ivheke vEFt dfeisslsnbhe. stke thashinsmsdh, wihk SA
23 swi t chesagfen@ite QfeepheTPAC secid o abet hp MAA dinev@ftaseChh8RifeSP9t hat
DAC section_h a hir%h \%Zji nti n g jange where servo data CNTIN is between
F800h and F B Woef *6P08R* and 0800h and also has a low gain in a
range where servo data CNTIN i s between FFOOh and 0100h, as shown for
exanple in Fogsve 15(a). As the switching is performed, the equation for
conputing the value of DACOUT is changed so that the output voltage of the

DAC section_does not beconme discontinuous. Wth this change, the output
vol tage of fReSERE Bt HeatemEmachdnei AU kRNt leh e sglectors S3 and

S4 and the adder 26 so that the sum of the registers W0 and W1
is computed. The result of the computation is supplied to the
register W0 through the registers W3 and W4 or through the SRAM
24 and the selectors S5 and S0 and is stored in the register WO.
Next, the state machine 29 advanceé to step ST4.

[0088]

In step ST4 the state machine 29 judges whether or not loops
corresponding to a predetermined number of bits have been ended.
If the loops have been ended, the computation will be ended. If
the loops~have not been -ended, then the state machine 29 will
advance to step STS. .

(0089]

In step ST5 the state machine 29 shifts the value of the register
W0 right by one bit. On the most significant bit (MSB) of the
‘register WO a value of 0 is inserted, and the LSB of the register
W0 is retained, for example, by a carry (CARRY) (not shown).



22 Fi gure 15(b), although the DACQUT val ue becones di sconti nuous when
servo data CNTIN is between FFOOh and 0100h, as shown in Figure 15(a).
~[0062] Al so, there are cases where an output voltage limt is necessary
as the characteristic of the VCM The SA 23 limts the value of control
dat a DACOUT when servo data CNTIN is less than a lower |imt value (which
Is determ ned in correspondence with the lower Iimt value of the output
vol tage of the DAC section of the VCM driver section 6) or greater than an
upper limt value (which is determ ned3on correspondence with the upper :
limt valtjf é)& t he output voltage of the DAC section). Wth this limt, the
out put vo %ge] of the DAC section of the VCM driver section 6 is nmintained ~
within a predeterm ned range as shown in Figure 15(b). [ 00631 Mor e

speci fi gatxb%sﬁtetwsﬁtﬂtﬁé ét%tfeﬁﬂﬁéﬁ%ﬁ’évweﬁf aﬁisbfvu_he! Gafﬁeg;erEcﬂx@ P éjtlser

equi ppe . regi.sters rou r retai g da enporarily,

sel ect or sw%djtgtﬂe‘%@{h O8§ ¥\8OF %’é‘ﬁ)f’g‘??ﬂqﬁ" %gt gggg| i o%nagaeaﬂg% cbér‘i‘%? m ng
si npl e daregigtereddl nfesvehuasofiathe i carnysi(GARBRNY Bhiifnser&ed6- bit adder
(hereinafter referred to as sinply an adder) 26 for perform ng addition of

two 16- bi [Oglg?\f]a\,

For the processing in steps ST5 and ST6, even if, for example,
in the aforementioned step ST3 the output of the adder 26 were
not supplied to the register W0 but were temporarily retained in
the registers W3 and W4, then the bits other than the LSB of the
value retained in each of the registers W3 and W4 were supplied
in step ST5 to the register W0, and even if in step ST6 the LSB
were supplied as the MSB to the register W2, a similar operation
as the aforementioned could be realized.

i

[0092]

The loop of steps ST2 through ST6 is repeated a plurality of
times corresponding to the number of bits of a multiplier (for
example, 8 bits). As shown in Figure 20(b) through (e), each
time the loop is executed once, the value of a multiplier is
confirmed one bit at a time from the low order bit and, in
correspondence with ‘this value, a multiplicand is added in
sequence to the register WO. This operation is substantially
equivalent to a multiplicand, weighted in correspondence with the
digit of a multiplier, being added to the register W0, because
in steps ST5 and ST6 the value of the register W0 has been

transferred in sequence to the register W2 from the low order
bit.



a SIOtinmer 27 for controlling the timng at which the SIO 22 is out put,
and a hardware state nmachine 29 for performng the entire control of the SA
23. [ 0064] The control of the setting of data to the registers WO
through WA and the control of the switching by the selectors SO through S5
are perforned according to a predeterm ned procedure by the hardware state
machi ne 29. 23 [ 0065] The
adder is a general binary adder with amginitial carry input (1C and a
carry output (CAR) and perforns single addition, for exanple, WO = W + W
for 50 ns. [ 0066] The outputs of the ADC regi ster 17 and the SRAM 24
shown in [0093]

If the loop of steps ST2 through ST6 is repeated a plurality of
times corresponding to the number of bits of a multiplier and
ends, the result of the multiplication will be retained in the
register W2, as shown in Figure 20(f).

[0094]

As previously described, the adder 26 takes 50 ns to perform a
single computation and 16-bit multiplication needs to execute the
aforementioned loop of steps ST2 thréugh ST6 16 times, so the
processing time of this multiplication takes 800 ns.

[(0095)]
4, Division

Division, as with manual computation, is realized by repetition
of Subtraction, but as shown in Figure 21, in the case of binary,
division is simple and the first digit to the left of the binary
point of a quotient is either 0 or 1.

[0096]

While a description will hereinafter be made of the case of 8
bits, even in the case of 16 bits the differing point is only the

number of loops (16 loops) but description is consistent with an
8-bit case.

[0097]

Actually the state machine 29 is constituted by a hardware logic,
and the operation in the case where division is performed is
expressed by a flowchart shown in Figure 22.



Figure 1 and the outputs of the registers WB and W and the adder 26 shown
in Figure 16 are supplied to the sel ector S5. The output of the selector
. S5 is supplied to the selectors SO, S1, and S2. The output of the adder 26
is also supplied to the selector S6 and the registers WB and- W. [ 0067]
The selector S6 selects either the data fromthe MPU 12 in Figure 1 or the
out put of the adder 26 and supplies the selected one to the SRAM 24, by
control fromthe state nachi ne 29. [%@68] The out put of the selector
S5, the cylinder 1D nunber (CYLID) fromthe channel 5 in Figure 1, and the
output of the register W2 are supplied to the selector SO. The output of
the sel ecE®?9%b i's supplied to the register WO.  [0069]  The output of
the selector S5, the carry output (CAR) of the adder 26, and the output of

the regi S'}.‘Fét W garq suppl i 8054 0 LBR.SBEEELPon Sis TheroHheW! Ohe tBEaBE! ECTOr
Sl is suppliedtd the regi Ster W.
machine 29 first advances to step ST1ll, and controls the

selectors S0, S1, and S5 and the registers W0 and W1l so that a
dividend (for example, 18) is stored in W0 and a divisor (for
example, 72) in W1, as shown in Figure 23(a). The hardware state
machine 29 also controls the selector S2 and the register W2 so
that the value of the register W2 becomes 0. The carry output
(CAR) of the adder 26 is set to 1.

{0099]

Next, the state machine 29 advances to step ST12 and judges
whether the carry output (CAR) of the adder 26 is 1 or 0. 1If it
is 1, the state machine 29 will advance to step ST13. 1If it is

0, then the state machine 29 will advance to step ST14.

[0100]

In step ST13 the state machine 29 instructs the selector S3 to
select the output of the register W0 and the selector S4 to
select the inverted output of the register Wl and causes the
adder 26 to compute the difference between WO and W1. The result
of the computation of the adder 26 is supplied to the register
WO through the registers W3 and W4 or through the SRAM 24 and the

selectors S5 and S0. Next, the state machine 29 advances to step
ST1S5.

[0101]

In step ST13, if a dividend is greater than a divisor, the carry
output (CAR) of the adder 26 will be 1 and the quotient of a
current digit will be 1, as shown in Figure 23(c). Conversely,
if a dividend is less than a divisor, then the carry output (CAR)



24 [ 0070] The output of the selector S5, the carry output (CAR) of the
adder 26, and the output of the register W2 are supplied to the selector
- S2. The output of the selector S2 is supplied to the register W2. [ 0071]
The outputs of the registers W) and W2 are supplied to the selector S3. The
sel ector S3 selects either one output or the other of the registers W and
W2 in correspondence with control fromthe state machi ne 29 and supplies
the sel ected output to one of the inp@?s of the adder 26. Also, the out put
of the register WL is supplied to the selector S1, inverter INV, and to the

selector S4, JThe o ut,of the inverter | | I ppli t .
sel ector it e SHA 28I BEIE AT ol dobsTeRE BOPR, LAy Bfgir |,
or the i nv&ttledao@rpas shovmeln &jigsres M (3 hvad: é8)by Fhehidy€ee8r ERF in

corr espondedanee i htitd Nt stidroM T haystaalse Beclhdaed28canHesupplisesrt wo

selected o ut, th h Lnp a r [ T put
of the addgtla’rlr!cp'ZGL r% g:hse u%ﬁ%}tegg_)?g’ t %%b%%é_;%nsﬂggna?%c’ l'-kl)%# %Yf?fm?ﬁeggu?g%t of
the SI O 22VakuRuppl itEhF i Kegdftar O nFihbfiate FREL sB¥t iU oPithe AV 8Fi ver
section 6 @&sdiibdd Mager NSt ueiled By ddfifiSliénti ér tBé. addition is not

performed but correction is performed in the next loop.

(0102}

On the other hand, in step ST14 the state machine 29 instructs
the selector 83 to select the register W0 and the selector S4 to
select the register W1 and causes the adder 26 to compute the sum
of WO and Wl. The result of the computation is supplied to the
register W0 through the'registers W3 and W4 or through the SRAM

24 and the selectors S5 and S0. Next, the state machine 29
advances to step ST15.

[0103]

In step ST1S the state machine 29 judges whether or not loops
corresponding to a predetermined number of bits have been ended.
If the loops have been ended, the computation will be ended. If
the loops have not been ended, then the state machine 29 will
advance to the following step'ST16.

[0104]

In step ST16 the state machine 29 shifts the wvalue of the

register WO left by one bit. On the LSB of the register W0 a
value of 0 is inserted.



[ 0073] The SA 23, as shown in Figure 16, is sinply constituted by the
adder 26, the registers W) through WA, and the selectors SO through S5, but
~the SA 23 is constructed so as to be able to

25 performall of the aforenentioned servo processing, by controlling
conputations with the state nmachi ne 29. [0074] The operation of the SA
23 will hereinafter be descri bed. 1. Read-wite operation/addition

operation on a SRAM In the case whéd#e the content of the SRAM 24 is set
to the register W, the state nachine 29 supplies both an address on the
SRAM 24 atrowhyisgh the data to be set to the register WL has been recorded
and a reaé request to the SRAM 24. At the sane tine,

For the processing in step 8T16, even if, for example, in the
aforementioned step ST13 and step ST14 the output of the adder
26 were not supplied to the register W0 but were temporarily
retained in the registers W3 and W4 and also the bits other than
the MSB of the value retained in each of the registers W3 and W4
were supplied in step ST16 to the register W0, a similar
operation could be realized.

[0106]

In step ST17 the state machine 29 shifts the value of the
register W2 left by one bit. With this, on the LSB of the
register W2 the value of the carry output (CAR) of the adder 26

is inserted. Thereafter, the state machine 29 returns to step
ST12.

[0107)

In the case where a quotient is computed in exactly the same way
as manual computation shown in Figure 21, when in step S13 the
difference between the values of the registers W0 and Wl is
computed and the value of the register W0 is smaller, there is
a2 need to add the value of the register W1l to the value of the
register WO and in the next loop to compare the doubled value of

the register W0 (shifted left by one bit) with the value of the
register Wl.

[0108]

However, from the following equation it is found that the
addition of the value of the register Wl to the register W0 and
the subtraction of the value of the register W1 from the value
of the register W0 doubled in the next loop are equal to the



the state machine 29 instructs the selector S5 to select the SRAM 24 and
the selector S1 to select the sel ector S5. In the selected state, if the
~-setting of data to the register WL is instructed, data read fromthe SRAM
24 will -be.supplied and set to the register W, as shown in Figure 17(a).

[ 00757 -TW't'he case where addition, for exanple, the conputation of W =
W + WL is perforned, the state nachine 29 first controls the selectors SO
and S4 to set the values of WD and WL &&d then instructs the adder 26 to
performthe conputation. Wth this instruction, the value of WO + W is

output fromthe adder 26. Finally, the selectors S5 and SO ar$ ggngaolled
so that theegisper W heinmddsled o §he e dtt ENERECFHYi%: &P ApvPlef
storage of wikgodat gestpphifl dddidienr egi shernaddt iloopnst ruct ed, the
conmputation result of WO+ WL will be stored in WL (Figure 17(b)).

26 [ 0076] In the case where the cont.ent of the register W) is witten
to [0109]

(WO + W1) x 2 - Wl = WO x 2 + Wl (5)

Hence, in the processing shown in Figure 22, in step S12 it is
judged whether or not correction is required, based on the carry
output (CAR) of the adder 26 in the preceding subtraction. If
no correction is required (that is, when CAR = 1), step ST13 will
be executed and if correction is required (that is, when CAR =
0), step ST14 will be executed, thereby performing the correction
of the right side of Equation (5). The method of computing a
quotient by performing such correction is referred to as a
nonrestoring method.

[0110]

The loop of steps ST12 through ST17 is repeated a plurality of
times corresponding to the number of bits of a quotient (for
example, 8 bits). As shown in Figure 23(a) through (c), each
time the loop is executed once, it is confirmed whether the value
of the register W0 is greater than a divisor (the value of the
register W1) (step ST13 or ST14). Also, the quotient of each
digit is computed as the carry output (CAR) of the adder 26, and
this quotient is supplied in sequence to the LSB of the register
W2 (step ST17). .The value of the register WO is shifted left by
one bit at a time and then the next loop is executed. The value
6f the register W0 is shifted left by one bit in each loop to
double the value, then a divisbr (the value of the register W1)
is subtracted from the value W0, and the quotient of each digit
is computed by comparing the values of W0 and W1 with each other.
This method for computing the quotient of each digit is

equivalent to a method where the quotient of each digit is



the SRAM 24, the state machine 29 instructs the selector S3 to select the
resister WO and makes the output of the selector S4 and the initial carry
-input (1C of the adder 26 equal to zero. Therefore, the value of the

regi ster -\ .appears on the output of the adder 26. At the sane tine, the

st at € maéhi‘ne’ 29 supplies both an address on the SRAM 24 at which the data
inthe register WOis stored and a wiBte request to the SRAM 24. Therefore,
as shown in Figure 17(a), the data retained on the register WO is stored at.
t he sel ected address on the SRAM 24. [ 0077] Note that since there is

‘the. possi Ridrphtelndly tha +I3AVi24 W Idiiave agcaye famamdute MeWihg, thike SRAM
24 i's provi deq w_th a coné] iCt contral rrecggni sm whi ch can cope with the
access at THEEAAECT HRS ARG & £888R™ 35 shown in Figure 17(a), single
access to the SRAM 24 requires about 75 ns, including conflict control.

[ 0078] Mgr, the adder 26 is enpty while data is being read fromthe
SRAM 24. For this reason, if the state machine 29 is constructed so that
after the reading of data.fromthe SRAM 24 shown in Figure 17(a) has been
ended, thdfsttdiee Loephiofie s2opsnETEActhreush £Jddr 1pereredpedd or mlarality

conput at i ¥ Bmesh@MRreBpbhding 4d (the rmtbesOothnits hef sd af o tReIt G129

performs readi ng.control of data,fr - 4 . regi r t he
are 1§ e SThn abcduciett i TamRy SAHBOIATLA Aeetnl f8) Hellorthn' 12,
be per f or ied FdOuERe 23482 - t i me.

[0112]

As previously described, the adder 26 takes 50 ns to perform a
single computation and 16-bit division needs to execute the
aforementioned loop of steps ST12 through ST17 16 times, so the
processing time of this division takes 800 ns.

[0113]

In the division which is used for the aforementioned generation
of PES, such as (A - B)/(A + B) (00h < A, B < FFh), the
denominator is greater than the numerator, and the quotient which
is computed is less than 1. Therefore, if the bit positions of
a dividend and a divisor are made even and then subtraction is
started, the first quotient will represent the position of 20,
which has a weight of 1, and the second quotient will represent
the position of 2-1, which has a weight of 0.5.

[0114]

In the aforementioned processing shown in Figure 22, a reminder
has not been computed. However, if, in division, one additional
loop is computed to obtain a rounding bit and, in the next
multiplication, one additional computation is performed, the
digit drop of the PES value finally obtained can be prevented.



27 [0079] By performng simlar control during a wite operation, access
to the SRAM 24 and conputation by the adder 26 can be perfornmed in
“parallel. Furthernore, as shown in Figures 17(c) and (d), if the state
machi ne~-29..+s-gonstructed so that the selection of an address on the SRAM
24, t0O vihi ¢R‘the result of conputation is witten, and the conputation of
W + WL are executed in parallel and so that after the end of conputation,
the result of the conputation is wittgn directly to the sel ected address.
on the. SRAM 24, .even hi gher-speed operation w |l be possible. [ 0080] 2.
Subtracti on and conpari son Subtraction can be realized by a simlar
operation 491a8dition, if data supplied to the adder 26 by the selector 4
is enpl oyed as the i nvert ed output of the register vm That is, in the case

wher e subt t i erfo ate nachln instr cts t he sel ector
S3 to sel ercrtﬁgt hlgglrcearE %M)rrg %%I ?IP] L0ty o rbt% Yoo 2 Fe SERTBEREd

out put of thé FB@PEt%VtRHF|¢RR§#Q&1thﬁ@ﬂyﬁukh@nﬁnﬁéﬁ@ebeﬂw¢¢nanG andoaset s
the initialexearnyli @pit AddCkhef coheratldg rdbding br Wkihlﬁ@ldhté|f%oQU59Ut of

the regi steg Megﬁ%%ﬁ%%é Y& E.‘I.d QUL RYE; €5 QM «Qf ¢ E‘AE e ESAL B! Jﬁmed 5

supplied to the Whi'ch ‘i A turn out puts the sumo ese Fﬁg? is,
W -

(0116]

Hitherto, the input-output control of commands and datat and the
write/read.'control have been executed between servo controls
(during empty time), because the priority of servo control is
high. 1In addition, particularly in high-performance disk drives,
it is important to perform these controls at high speed and,
therefore, there are cases where an MPU or a DSP for executing
servo control is provided in addition to the MPU which perform
the aforementioned controls. However, since the MPU or the DSP
includes functions not needed for servo control, the device

fabrication cost has been raised to more than necessary.

[0117]

In recent years, disk drives have been required to have high
performance and low cost. Also, disk drives have been required
to execute servo control, input-output control of commands and

data, and read/write control at high speed by a single processor.

[(0118]

In the disk drive of this embodiment, as previously described,
the SA 23 (computation means) which performs the computation of
servo data (such as a position error signal PES) is provided
separately from the MPU (control means) which has "hitherto

performed the input-output control of commands and data in



WL. The result of the subtraction can be fetched to arbitrary registers W
through WA by controlling the selectors S5 and SO through S2 and the data
retention of each register. [ 0081] When W) [err] W, the carry out put
(CAR) . of .-t he..adder 26 becones 1, and consequently, this conputation can

al so~be:éfpfbyed in the conparison in size between the values of W and W.
28 [0082] 3. Multiplication Mul tigglication is perforned with simlar
principles as decinmal nmultiplication that is perforned by nanual
conputation, but in the case of binary, nultiplication is sinple, and as

shown in Figure 18, if a bit corresponding to a nultiplier is 1,

mul ti pl i 3AFH antde thealdorpytByiaadiotg seuvi9 t930a cbsich 2p0@83FES) .
whereby processing load to the MPU can be lightened without
increasing cost so much compared with the case where an exclusive
DSP or MPU for these computations is provided.

[0119]

Furthermore, wvarious corrections, such as the aforementioned
filter processing and oversampling processing of servo data
(CNTIN), which were difficult to process by an MPU, can be easily
realized. A description will hereinafter be made of the filter
processing and the oversampling processing.

[0120]
Filter processing

The head drive system, such as the head arm 3 in Figure 1, has
a natural oscillation frequency in correspondence with its
structure. For this reason, when the servo data (CNTIN) computed
by the aforementioned Equation (5), as it is, is supplied to the
VCM driver section 6 as control data DACOUT, there are cases
where the head drive system will resonate by the natural
oscillation frequency component contained in the control data
DACOUT. Therefore, it is preferable to set a frequency limit on
servo data. In background art, the processing for the frequency
limit is realized by a filter circuit, or a DSP or an MPU is
provided separately from the MPU 12 which executes the input-
output control of data between it and external equipment, and

. consequently, the cost of the entire disk drive has been
increased.



VWhile a description will hereinafter be nmade of the case of 8 bits, even in
the case of 16 bits the differing point is only the nunber of | oops but
- description is consistent with an 8-bit case. [ 0084] In fact the state
machi ne. 29-i.s..constituted by a hardware |ogic, and the operati.on in the
case“Wher&*nultiplication is performed is expressed by a flowhart shown in
Figure 19.  [0085] That is, in the case where multiplication is
performed, the state machine 29 first ﬂyvances to step ST1, and controls
the selectors S1, S2, and S5 and the registers WL and W2 so that a
.nuItLpIicg@gzifor exanple, 11) is stored in W and a nultiplier (for
exanple, 3) in W, as shown in Figure 20(a). The state machine 29 al so
controls the selector SO and the register W) so that the value of the
regi ster Mlbecopescdssing such as this can be performed by multigplyi®gse]
: servo data (CNTIN) or a preceding filter output (CNTOUT) by
appropriate coefficients Ai and Bi and adding them. More
specifically, the filter output (CNTOUT) is obtained by the

following equation.

[0122)
U = A0 x CNTIN + Al x Ull + A2 x Ul2
CNTOUT = U + Bl x Ull + B2 x Ul2
U12 Ull
Ul1l U

In the disk drive of this embodiment, such computation processing
can be executed by the SA 23. Furthermore, on the filter output
the aforementioned gain adjustment and limit processing are
performed, and the processed filter output is supplied to the SIO
22 as control data DACOUT for controlling the VCM driver section
6. Note that the filter processing may also be executed a
plurality of times by changing coefficients and may be multi-
stage connection filter processing. Also, as occasion demands,
the aforementioned round processing (an additional loop of
multiplication is executed once to obtain a rounding bit) may be
performed. '

[0123]

Thus, by performing filter processing and setting a frequency
limit on control data DACOUT, the resonance of a head drive
system, such as head arm 3, can be prevented. Even in this case,
filter processing can be performed independent of the MPU 12 by
the SA 23, so there is almost no increase in the addition of
processing to the MPU 12. '



Next, the state machi ne 29 advances to step ST2 and judges whether or not
the least significant bit (LSB) of the value of the register W2 is 1. |If
it is 1, the state nmachine 29 will advance to step ST3. If it is not 1,
then the state. machine 29 will advance to step ST4. [0087] ° In step ST3
t he statefachine 29 controls the selectors S3 and S4 and the adder 26 so
that the sumof the registers W and WL is conputed. The result of the
conputation.is supplied to the regi steqg W through the registers WB and W
or through the SRAM 24 and the selectors S5 and SO and is stored in the
register vﬁ'12?Xt’ the state machi ne 29 advances to step ST4. [ 0088] In
step ST4 t 8 ate machine 29 j udges .whet her or not |oops corresponding to
a predeterm ned nunber of bits have been ended. |If the | oops have been

ended, theogRFBHMBLLRG %%Aéegy;ﬂ%nded. If the | oops have not been ended,
then the state machine 29 will advance to step ST5. [ 0089] In step ST5
the state machine 29 shifts the value of the register W) right by one bit.
On the nosGepegallycabhe biupgINBR)E cfontirolr dgrat RACONT Loy dhge VEM driger
inserted, aRdtibBR bSBsobride pegfSinia WRckS pb8t bddtbrftAlone%2MB! 8inBYea
carry (CAR§ELv8”8£t§£¥HVn'However, the cycle of servo patterns is anywhere

between about 5 KHz and 10 KHz, and if servo patterns are left

as they are, the sound which is generated by the vibration of the

head arm 3 will be within a human audio frequency band and will

be recognized as noise.

[0125]

By performing oversampling processing which separately outputs
the control data (DACOUT) of each servo pattern a plurality of
times, the sound which is generated by the vibration of the head

arm 3 can be moved outside a human audio frequency band.

[0126]

In the disk drive of this embodiment, control data DACOUT is
output four times, for example, at servo-pattern intervals by the
sa  23. The SA 23 executes only once the aforementioned
processing until servo data CNTIN is computed, for each servo
pattern. Next, filter processing is executed and the first
control data DACOUT is output. Thereafter, filter processing for
the second control data DACOUT is immediately performed. The SA
23 waits for a DACOUT request which is sent by a'timer measuring
a DACOUT interval. If the timer sends a DACOUT request, the SA
23 will output the control data DACOUT which has been obtained
and will repeat similar processing a prescribed member of times.
With this operation, as shown in Figure 24(c), control data

DACOUT can be output at intervals of 1/4 of the servo pattern
interval.



30 [0090] In step ST6 the state machine 29 shifts the value of the
register W2 right by one bit and returns to step ST2. On the MsB of the
-register W2 the value of the carry (CARRY) is inserted. [ 0091] For the
processkng.4 n..st.eps ST5 and ST6, even if, for exanple, in the
af or effenti"8ried step ST3 the output of the adder 26 were not supplied to the
regi ster WO but were tenporarily retained in the registers WB and W, then
the bits other than the LSB of the valye retained in each of the registers
WB and, WA were supplied in step ST5 to the register W), and even if in step
ST6 t.he LSB were supplied as the MSB to the register W2, a simlar
operation 8812he aforenmentioned could be realized. [ 0092] The | oop of
steps ST2 through ST6 is repeated a plurality of tinmes corresponding to the

20(b) "t obBRE (07 E VIR IPHEHE fe SBBBEOF st MFEHTohe TSR o, Bafneg " ©
mul tiplierfps eocwhi rremeremation aintenvade ofy oin $¢EVe opabReer Hithatnds+in
quadruple oversampling), the first processing which takes the
most time will need to end in about 25 pus of 1/4 of the
regeneration interval of a servo pattern. Therefore, there is
a need to construct the SA 23 so that it exhibits computation
performance of this degree.

[0128]

In the case where 80 servo patterns are present along the
circumference of a data storage medium (magnetic disk 1) and the
rotational speed of the data storage medium is 7200 rpm, a servo
sector is regenerated at intervals of about 104 us. Therefore,
the SA 23 has to compute servo data within this time and output
control data DACOUT.

[0129]

In the case where the aforementioned processing for servo control
is performed only by an MPU, the MPU is occupied during the
period more than 80 ps from the occurrence of servo interruption
caused by generation of a servo sector to the end of the first
processing for servo control (the first servo processing). For
this reason, the processing time of the MPU which executes the
processing (command/medium processing) for input-output control
of data between it and external equipment and write/read control
of data to a data storage medium {magnetic disk 1) is only about
20% of the entire processing time.



correspondence with this value, a nultiplicand is added in sequence to the
register W. This operation is substantially equivalent to a nultiplicand,
wei ghted in correspondence with the digit of a nmultiplier, being added to

the regi ster..\W), because in steps ST5 and ST6 the value of the register W
has bBeen“f¥ansferred in sequence to the register W2 fromthe |ow order bit.

31 [0093] If the loop of steps ST2 through ST6 is repeated a plurality
of times corresponding to the nunber pf bits of a multiplier and ends, the
result of the nultiplication will be retained in the register W2, as shown

in Flgure g@ﬁja [ 0094] As previously described, the adder 26 t.akes 50
ns to performa single conputation and 16-bit nultlpllcatlon needs to
execute the aforenentioned | oop of steps ST2 through ST6 16 tinmes, so the
processi ngohi mheof othes ranid,pl icatthen dbokesd8@Bensf this embodiment.

computation for servo control can be executed independent of the
MPU 12 by the SA 23. Therefore, when servo interruption occurs
as shown in Figures 24(b) and (c¢), the SA 23 first computes
parameters, such as the aforementioned deviation CPE and speed
CVE. The SA 23 sends an interruption request to the MPU 12 when
processing by the MPU 12, such as processing whose contents
cannot be previously prescribed in hardware specification and
error processing, is needed. Therefore, the processing by the
MPU 12 usually ends in a short time and the MPU 12 is released
from processing. After the output of the first control data
DACOUT, the SA 23 outputs control data DACOUT for every a
predetermined time. For this reason, the servo processing which
is executed 'by the MPU 12 can be set to about 30 ps for every 104
us (regeneration interval of a servo pattern). For this reason,
the processing time of the MPU 12 for executing command/medium
processing can be increased. Although command/medium processing
load has been increased due to the high performance of data
processors, the disk drive of this embodiment can easily cope
with an increase in the processing load by increasing the
command/medium processing time in the aforementioned way.

[0131]

Figure 25 conceptually shows the generation of servo sectors and
the timing of the aforementioned processing. Note that Figure
25 shows the processing which executes two kinds of filter

processing (filter A and filter B) and also performs quadruple
oversampling processing.



[ 0095] 4. Division Division, as with manual conputation, is realized by
repetition of subtraction, but as shown in Figure 21, in the case of
~binary, division is sinple and the first digit to the left of the binary
poi nt -of -a.-quetient is either 0 or 1. [ 0096] Wil e a description will
her ei-fiaf t€F~be made of the case of 8 bits, even in the case of 16 bits the
differing point is only the nunber of |oops (16 | oops) but description is
consistent with an 8-bit case. [0097]3 Actually the state machine 29 is
constituted. by, a hardware |l ogic, and the operation in the case where

di vi-si on is(Perforned I s expressed by a flowchart shown in Figure 22.
32 [0132]

If the regenerations of the cylinder ID number and the sector
number shown in Figure 25(b) are ended and also regeneration of
burst patterns (WEDGE-~-A, WEDGE-B, WEDGE-C, WEDGE-D) is started,
a WEDGE sample clock (CLK) signal will be generated as shown in
Figure 25(c) and a servo interruption signal will be generated
as shown in Figure 25(d). As shown in Figure 25(e), since there
is time between the time that interruption occurs and the time
that the AD conversions of the regenerated levels A, B, C, and
D of the servo patterns by the ADC 16 are ended and retained in
the ADC register (ADCREG) 17, the SA 23 first executes the
aforementioned cylinder ID estimation processing, as shown in
Figure 25(f).

(0133]

After the AD conversion of pattern WEDGE-B by the ADC 16 has been
ended, the SA 23 starts computation of a master position error
signal MPES. The reason why the computation processing of the
position error signal PES (MPES) is started when an AD conversion
is being performed is for executing the aforementioned abort
processing as early as possible and is that the start of the
computation of MPES is possible at the stage where the AD
conversion of pattern WEDGE-B has been ended. Successively,
after the AD conversion of pattern WEDGE-D has been ended, the
SA 23 starts computation of a slave position error signal SPES.
After the computation of the SPES, the SA 23 computes parameters,
§uch as the aforementioned parameters DST, CPE, APE, CVE, AVE,
and SPE, and furthermore, executes the aforementioned range
judgment of deviation and speed, the deviation prediction, and
the write abort processing.



[ 0098] That is, in the case where division is perfornmed, the state
machi ne 29 first advances to step ST11l, and controls the selectors S0, Si,
-and S5 and the registers WO and WL so that a dividend (for exanple, 18) is
stored -+ n W -apd a divisor (for exanple, 72) in W, as shown'in Figure
23(a)” The“hardware state nmachine 29 also controls the selector S2 and the
regi ster W2 so that the value of the rggister W2 becones 0. The carry

out put (CAR) of the adder 26 is set t8%1. [ 0099] Next, the state
machi ne .29 advances to step ST12 and judges whether the carry output (CAR)
of the adder g? is 1or O. If it is 1, the state machine 29 will advance to
step sT13. [P#3%1 s 0, then the state machine 29 will advance to step ST14.
[ 0100) In step ST13 the state machine 29 instructs the selector S3 to

sel eCE fj hex?uttaet d?{mr?tutﬁﬁt'iﬁgit %tfe{/t\:lh\éﬂ %fu%etxd&ts_tsh@@t 95r§ﬂe2'l§ékt‘§eﬂ1£§t b%@ﬁt ]
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i s suppl i edxeoutdef g paockbsing oultwohetages sitfdrlsevBA aantl 4 1gext B)ough

the SRAM 24sanghddie 6l eﬁig\rn?e S@R/A . SO0. A¥edr the Hndt eofBGideriIter

advances t%rggggsgﬂé?'the[s£0%; outputs the first servo data to the VCM
driver section 6 through the SIO 22 as control data DACOUT.

[0135]

Thereafter, as shown in Figures 25(h) and (i), the SA 23 executes
filter processing again for every a predetermined time, based on
the first servo data CNTIN, and likewise outputs computed servo
data to the VCM driver section 6 as control data DACOUT.

[0136]

Although the output interval of DACOUT can be accurately
controlled because processing has been performed based on the
output of a timer by hardware, it is possible that there will be
a fluctuation of about 2 us due to the conflict control between
the SIO 22, the SA 23 and the MPU 12, because the SIO 22 is
shared by the SA 23 and the MPU 12, as described above.

[0137]

Incidentally, from the viewpoint of a reduction in the souhd,
which is generated by the vibration of the head arm 3, and
mechanical characteristics, conversely it is advantageous to have
a certain degree of fluctuation in the output interval of control
data DACOUT. For example, in .human audio characteristics,
between a sound with a sharp frequency distribution and a sound
with a gently-sloping frequency the sound with a sharp frequency
distribution is felt louder. For this reason, if the output



In step ST13, if a dividend is greater than a divisor, the carry output
(CAR) of the adder 26 will be 1 and the quotient of a current digit wll be
‘1, as shown in Figure 23(c). Conversely, if a dividend is less than a

di vi sor .~ then-the carry output (CAR) .

33 of thé&hdder 26 will be 0 and the quotient of a current digit will be
0, as shown in Figures 23(a) and (b). In this case, the value of the

regi ster WL nay al so be added to the ragister W) and, in the next |oop,
subtraction nay. .al so be perfornmed on the value of the register W) shifted

| ef.t - by one bit, but as described later, it wll be sufficient if the

addi L1 on | s fol. A g e Qut conLect ianoba RS fOLVEA khuLbgaRxl | 290

han *$tate nmach Instructs the
sel ect or SBS“%@I‘sgé:Ihe@tf Ph%oméfyl‘@tlé’th We rerPIHeeded e tBEesgan 0P dissiceche

regi ster Wrmrddizisas 4¢ieirmfdencibat o @sptie ocubpusumueiryd) anddfkrolhe
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Next, the s¥aihPRCRMREt2HN MRS CRIES tefigtics such as a reduction

in vibration.

[0138]

More specifically, as shown in Figure 26, the SA 23 generates a
random number from the output (CNTOUT2) of filter processing B
and adds it to the initial set value (TIMER) of the timer each
time control data DACOUT is output, thereby computing the
interval between the current control data DACOUT and the next
control data DACOUT. The random number is generated by computing
an absolute value and a sign from the low ordér 3 bits of the
output CNTOUT2 and has a value area of - 4 to + 3. If a random
number such as this is added to the initial timer set value (for
example, 25) to compute the DACOUT interval, the average value

of the DACOUT intervals (21 to 28 us) will be nearly equal to the
initial timer set value.

[0139]

For most computations for servo control such as described above,
the SA 23 can independently execute them if necessary
coefficients and parameters are previously set to ADC register
17, registers WO through W4, and SRAM 24. In the situation which
cannot be processed with the SA 23 alone, such as error
processing and exception processing, the SA 23 sends an interrupt
request to the MPU 12, as described above, and the processing
thereafter is executed by the MPU 12.



[ 0103] In step ST15 the state machi ne 29 judges whether or not | oops

corresponding to a predeterm ned nunber of bits have been ended. |If the

- | oops have been ended, the conputation will be ended. If the | oops have not
been ended, then the state machine 29 will advance to the follow ng step
ST16. {[0104] In step ST16 the state machine 29 shifts the val ue of the
register W) |eft by one bit. On the LSB of the register W) a value of 0 is
i nserted. ' 46 34 [0105] For the
processing i.n step ST16, even if, for exanple, in the aforenmentioned step

ST13--and step ST14 the output of the adder 26 were not supplied to the

regi ster Wpohwdjwere tenporarily retained in the registers W8 and W and
also the bits other than the MSB of the value retained in each of the
registers W8 and W were supplied in step ST16 to the register W), a

sim | ar Opépatqrglﬁercdm gPeeferay| abkgof servo processing until the first

control data DACOUT is computed, there is a need to usé an adder
more than 30 times. The time it takes an adder to execute one
loop of the aforementioned computation is 50 ns and the time to
access SRAM 24 is 75 ns. Therefore, for example, in the case
where access to the SRAM 24 occurs twice for every 16 loops, the
required time is 300 x S0 + 75 x 300/8 = about 17.8 ps and
therefore it is possible to set the required time within the
target time 25 us from the beginning till the aforementioned
first control data DACOUT. '

[0141]

In the aforementioned embodiments, while a description has been
made mainly of a following operation :which causes a head to
follow a target track, the present invention is also applicable
to a seek operation which moves a head to a target track and
other servo controls. .

[0142]

In addition, in the aforementioned embodiments, although the SA
23 has been equipped with an adder, various arithmetic units for
performing multiplication and division at high speed (for
example, parallel multiplier which computes the partial products
of multiplication in parallel and adds them) have been developed
and therefore the computation performance of multiblication and
division can be further enhanced by employing the arithmetic
units. With this structure, an increase in the multiple of
oversampling and an increase in the number of stages of filtering
can be easily achieved. Furthermore, the present invention may

be modified within the scope of the invention where a portion of



[ 0106] In step ST17 the state machine 29 shifts the value of the register

W2 | eft by one bit. Wth this, on the LSB of the register W2 the val ue of
-the carry output (CAR) of the adder 26 is inserted. Thereafter, the state
machi ne- 28.-r et.urns to step ST12. [ 0107] In the case where a quotient is

conpufed i ‘exactly the same way as manual conputation shown in Figure 21,
when in step S13 the difference between the values of the registers W and
WL is conputed and the value of the rggister WO is snaller, there is a need
to add the value of the register WL to the value of the register WO and in
the next |oop to conpare the doubl ed value of the register W (shifted left
by one bit)thdt cemprsataPneier ¢mve sgndrel . real[l@fgs}w wWhiChm t he
fol | ow ng espeddtes iihdepehaentlyhet drderaddition of the value of the
register WL to the register W) and the subtraction of the value of the

regi ster WL fron1the val ue of the register W) doubled in the next |oop are
equal to thP1l43]

[Advantages of the invention]

In the drive disk accoxrding to the present invention, arithmetic
means provided separately from control means computes servo data
for driving a drive unit, based on the position information
extracted by position information extraction means. Therefore,
the processing load to the control means can be reduced. For
this reason, high-degree servo control can be realized without

increasing processing load to the control means so much.

3. Brief Description of the Drawings:

Figure 1 is a block diagram showing the constitution of a disk

drive according to an embodiment of the present invention;

Figure 2 is a block diagram showing the constitution of a
conventional disk drive;

Figure 3 is a diagram showing an example of the format of a servo
sector used in the conventional disk drive;

Figure 4 is a diagram showing the relationship between the radial

position of a magnetic head and the level of a regenerated servo
pattern;

. Figure 5 is a diagram showing a table used for the computation
of the position error signal of the head in the disk drive
according to the embodiment of the present invention;;’



35 regi ster WL being added to the value of the regi ster WO doubl ed
‘Wi t hout performng addition in the next | oop. [0109] (WO + W) x 2
- WL =W x 2 +W (5 Hence, in the processing shown in Figure 22, in
step Si2-i.t- i-s.j udged whether or not correction is required,- based on the
carry out ptit“ (CAR) of the adder 26 in the preceding subtraction. If no
correction is required (that is, when CAR = 1), step ST13 will be executed
and if correction is required (that i48, when CAR = 0), step ST14 will be
executed, thereby performng the correction of the right side of Equation
(5) . The method of conputing a quotient by perform ng such correction is
referred toFogure MM adidigrametdmthing thé1pdsitildre iroopheftrstadpsvidEh?

t hrough ST1y; . .epe d.a | i f Ll p j er
of bits of LammiacahflatoRild) dd ?ﬁg%bf’%ég’?%@ér%%mﬁﬂ?%%i5%%**%5%;%
through (c)imebk® fish EREVE 0RFCPELiNE IR i rRfPodimeng (95nf"19‘tem§f%?é’t%er-
t he val ue ofntdretiregi ster WO is greater than a divisor (the value of the
regi ster WL) (step ST13 or ST14). Also, the quotient of each digit is
conputed as_the carry output (CAR) of the adder 26, and this quotient is
suppl i ed i rFxBYfenée itSo ¢ h81pSERBf SPRULPGgthEerelationship between the

position of the head in the track width direction and an

computation equation used to compute a cylinder ID number;
Figure 8 is a diagram showing the relationship between the
position of the head in the track width direction and an

computation equation used to compute a current position;

Figure 9 is a diagram showing the position of the head in the

track width direction and a change in a current position;
Figure 10 is a diagram showing computation of track distance;
Figure 11 is a diagram showing computation of head speed;

Figure 12 is a diagram showing a process of computing a range
nunber:;

Figure 13 is a diagram showing a process of predicting deviation;

Figure 14 is a diagram showing a process of estimating a cylinder
ID number;

Figure 15 is a diagram showing the gain adjustment of a DAC drive
voltage and the limits on the voltage:;

Figure 16 is a block diagram showing the constitution of a
hardware sequencer (SA) constituting the disk drive according to
the embodiment of the present invention;



W2 (step ST17). The value of the register WO is shifted left by one bit at

-a time and then the next |oop is executed. The value of the register WO is
~shifted left by one bit in each |loop to double the value, then a divisor

(the val ue-of..the register W) is subtracted fromthe value WO, and the
quot i“ént-"6F“each digit is conputed by conparing the val ues of WD and W
W th each other. This nethod for conputing the quotient of each digit is
equi valent to a nethod where the quogjd ent of each digit is

36 conmputed by nultiplying a divisor by 1/2 and subtracting the result

from.the divisor, in sequence. [0111] If the loop of steps ST12 through

ST17 is rapepfed N usaa%acxrm é,ﬂan%gp%ﬁg&@&@%xpcbﬂo%_egggnauga.e;fo%e@i ts
of a quotiernt and ends, the quotient Will be retained in thé register W2,
as shown % Bh§uS®i23(d). [0112] As previously described, the adder 26
takes 50 ns to performa single conputation and 16-bit division needs to

execute thequre 18 is a diagram showing binary multiplication performed
by manual calculation;

Figure 19 is a flowchart showing multiplication performed by the
SA; '

Figure 20 is a diagram showing data change in the multiplication
performed by the Sa;

Figure 21 is a diagram showing binary division performed by
manual calculation;

Figure 22 is a flowchart showing division performed by the SA;

Figure 23 is a diagram showing data change in the division
performed by the SA;

Figure 24 is a diagram showing oversampling processing performed
by the SA;

Figure 25 4is a diagram conceptually showing the entire
computation processing performed by the SA; and

Figure 26 is a diagram showing a method of computing a DACOUT
interval.

[Description of symbols]
Magnetic disk

Head

Head arm

W N

VCM driver section



af orenentioned | oop of steps ST12 through ST17 16 tines, so the processing
<time of this division takes 800 ns. [0113] In the division which is
used for the aforenentioned generation of PES, such as (A - B)/(A + B) (00h
[err] A -B=[err]. FFh), the denom nator is greater than the nunerator, and

t he euoti'&fit: which is conputed is less than 1. Therefore, if the bit
positions of a dividend and a divisor are nmade even and then subtraction is

started, the first quotient will represent the position of 20, which has a
wei ght. of 1, and the second quotientﬁﬂ Il represent the position of 2-1
whi ch has a wei ght of 0.5. [ 0114] In the af orenmenti oned processing

shown in Figure . in .has not been conputed. However, if, in
di vi si on, %né'aé%%%ﬁ%ﬁ%%g:Sgggfggconputed to obtain a rounding bit and, in

the next mfl ti-pl iTEE95A8teenBPGIUPYi ®hk® conputation is perforned, the digit
drop of the2 RES wewue finally obtained can be prevented.

37 23 ... Sa
X2 ... Track
X3 ... Servo pattern



[0115] The di sk drive of this enbodi nent, incidentally, also executes the
<1 nput-output control of commands and data between it and an external unit
and the control of reading or witing data fromor to the nagnetic disk 1,

in addLLiot""nummf " ti oned servo control. [0116] ‘Hi therto, the
i nput™ out p m mﬂm nds and data and the wite/read control have
been execut &d betwedh Servo controls (during enpty tinme), because the

priority of servo control is high. [I®laddition, particularly in

hi gh- performance disk drives, it is inportant to performthese controls at
.hi gh..speed and, therefore, there are cases where an MPU or a DSP for
executing servo control is provided in addition to the MPU which perform

t he af orementi oned controls. However, since the MPU or the DSP incl udes
functions not needed for servo control, the device fabrication cost has
been raised to nore than necessary. [0117] In recent years, disk drives
have been required to have high performance and | ow cost. Al so, disk drives
have been required to execute servo control, input-output control of
commands and data, and read/wite control at high speed by a single
processor. [0118] In the disk drive of this enbodi ment, as previously
descri bed, the SA 23 (conputation neans) which perforns the conputation of

4, Claims:
(1) A disk drive comprising:

a disk storage medium having a servo area on which servo
sectors are recorded and a data area on which data sectors
are recorded:

a record/regenerate section for performing regeneration of
H
a servo sector recorded on said disk storage medium and

also performing recording or regeneration of a data sector;

a drive section for controlling a position of said
record/regenerate section; ' '

a control section for performing at least input-output
control of data with respect to external equipment or
control of the recording or regeneration of a data sector
which is performed by said record/regenerate section;

~a position information extraction section for extracting
position information indicating the position of said
record/regenerate section from a regenerated output of the

servo sector regenerated by said record/regenerate section;
and



servo data (such as a position error signal PES) is provided separately
fromthe MPU (control nmeans) which has hitherto perforned-t-he.input-output

control of conmands and data in 38
addi tiomr t he- conput ati on of servo data (such aumwmﬂwwﬁw
processing 1*oad to the MPU can be |ightened without ihcrieadi t so much
conpared with.the case where an excl usige DSP or I\/PU. for these conputations
i s provided.. ' [0119] Furthernore, various corrections, such as the

af orenenti oned .filter processing and oversanpling pr OCESEI ng of I ser voI _datg
“CNTI N, whic | f.f:1 C Ss.b : easi real i zed.
,(A desg?i pti onQVMy?{%}gAr%lﬁa '% %Figgpérrgoﬁgd%d %ﬁéglf%%qgr (\f%rg(_)mcg%%ﬂi‘ﬁ: or%aéﬁf(? he
over sanpl i ng PPOEERR|GNY for|pemwpptingigeryp fpbe ey dgiving said drive

section, based on the position information extracted by

said position information extraction section.

(2) The disk drive as set forth in Claim 1, wherein said
arithmetic section comprises:

a plurality of retaining sections for retaining data
generated in the interior of said position information
extraction section, said control section, or said
arithmetic section:

an adder;

at least two selectors for selecting data which is supplied
to said adder from data retained in said plurality of
retaining sections, external input, and from data generated
in the interior of said arithmetic section; and

a hardware sequencer for controlling operations of said

retaining sections, said adder, and said selectors so that
said servo data is computed.

(3) The disk drive as set forth in Claim 2, wherein said
arithmetic section further comprises an acceleration

section for accelerating computation in performing
multiplication or division.

(4f' The disk drive as set forth in Claim 1, wherein said
arithmetic section outputs the result of computation a

plurality of times while said servo sector is regenerated.



The head drive system such as the head arm3 in Figure 1, has a natural
oscillation frequency in correspondence with its. structure.For this

-reason, when the servo data (CNTIN) conputed by ' d Equati on
(5), as—it.ks,.ls supplied to the VCMdriver sej!@ﬂ“““ﬂm“m““m dat a
DACOUT, t+hér¥ are cases where the head drive systemecw LI resbndte by the
natural oscillation frequency conponent contained in the control data
DACQUT. Therefore, it is preferable to%et a frequency limt on servo data.
I n background art, the processing for the frequency Iimt is realized by a
filter circuit, or a DSP or an MPU is provided separately fromthe MPU 12
whi ch exec@iPes Tie daght -doinguescaEat ofoxtth dana Petineeh, | whandiextserigal
equi pment, and gens@ient |dactilkd 6Qthudé tHe Rmigutatibakrdsh Mes os gen

i ncr eased. plurality of times at irr lar jinte ég s [0121] Filter
processi ng such™as ?Jhl & Gin BE perftorrreﬁg%y Tt pl'ying servo data (CNTIN)
or a preceding filter output (CNTQUT) by appropriate coefficients Al and Bi
and addi ng(shenthe Misgk spenid i aal Isat therdn | ier cuwtiputl ( CMRAGE)Ini Said
obtained by the,fobhfdlig SAE P ets [P1RAk 1imi¥ TG QTN of UL

computation results which are output for each of said servo
sectors.

(7) The disk drive as set forth in Claim 1, wherein at least
said control section_and said arithmetic section are formed
on the same semiconductor device.

(8) A servo control unit for controlling a position of a

record/regenerate section in a disk drive, said disk drive
comprising:

a disk storage medium having a servo area on which servo
sectors are recorded and a data area on which data sectors
are recorded;

a record/regenerate section for performing regeneration of
a servo sector recorded on said disk storage medium and
also performing recording or regeneration of a data sector;

a control section for performing at least input-output
control of data with respect to external equipment or
control of the recording or regeneration of a data sector
which is performed by said record/regenerate section; and

a drive section for moving said record/regenerate section;
and

said servo control unit comprising:



CNTOUT = U + Bl x Ull + B2 x Ul2 uiz = Ul1l Ull = U In the disk
drive of this enbodi nent, such conputation processing cam ‘be-executed by

~the SA 23. Furthernore, on the filter output the Mﬂm

adj ust nent. -and..l.imt processing are perfornmed, an ”mr Hiﬂl l ter
out put’ i s*8tpplied to the SIO 22 as control dat a DACdJT'forH cen |1ing the
VCM driver section 6. Note that the figjer processing may al so be executed
a plurality of tines by changi ng coefficients and may be nmulti- stage

connection filter processing. Al so, as occasion demands, the aforenentioned
round. processing (an_additiaonal | qop of nmnul t)chgI [ catlon | S _execut eq nce to

obtain a roundPn@Hi - Ray HEPEELSP nEF tract D 3T L UL hy D
filter processippgiamndnsettfognatforequedéyatingt tdve coasibiogatef DA@@QT t he
resonance of arQ%%Qd?Eé&Snéi’&é@rBe@d&Qﬁ agomeadreegéne%at@ano@epm yenrined.

Even in this case, fil ocessi n%SC? ldp](:aécoolr rc(la endeggndencti__lc()mthe |
MPU 12 by the ERTYY sgﬁt?’ﬁé?a@el“?rg Y §61 nCr ease G5 RE% a0 di G5 o gt
processing to emnd MPU 12. 40

an arithmetic section provided separately from said control
section and for cbmputing servo data for drive said drive
section, based on the position information extracted by
said position information extraction section.

(9) A control unit for controlling a disk drive, said disk
drive comprising:

a disk storage medium having a servo area on which servo
sectors are recorded and a data area on which data sectors
are recorded;

a record/regenerate section for performing regeneration of
a servo sector recorded on said disk storage medium and

also performing recording or regeneration of data; and

a drive section for controlling a position of said

record/regenerate section; and
said control unit comprising:

a position information extraction section for extracting
position information indicating the position of said
record/regenerate section from a regenerated output of the

servo sector regenerated by said record/regenerate section;

a control section for performing at least input-output
control of data with respect to external equipment or.



[+0124] - Oversanpling processing Generally, the supply of control data
."DACQUT to the VCM driver section 6 is often performed once per regeneration
of a single servo pattern. However, the cycle of servo patterns is anywhere
bet ween .abouf. 5 KHz and 10 KHz, and if servo patterns are left as they are,
t he soundawhi’€h is generated by the vibration of the head arm3 will be
within a human audi o frequency band and will be recogni zed as noi se.

[ 0125] By perform ng oversanpling gy ocessi ng “whi ch” separateiy outputs the

control data (DACOUT) of each servo pattern a pl i Im mle t he sound
which’ i's generated by the vibration of the headlmmmm “ml d outside
“a’human audi o frequency band. [ 0126] In the di sk dtivt of t'his

enbodi ment, control data DACOUT is output four tines, for exanple, at
servo-pattern intervals by the SA 23. The SA 23 executes only once
the aforenentioned processing until servo data CNTIN is conputed, for each
servo pattern. Next, filter processing is executed and the first control
data DACOUT is output. Thereafter, filter processing for the second control
data DACOUT is imedi ately perfornmed. The SA 23 waits for a DACOUT request

DAGALT T eques (RS "Ship S e FECRUiaty Yo Bsrar ki 8 DA whrcFohas.
been obt ai ned *Ad wiPl PPEFRERES Y |5aidhrEERE( TRIN YRS FREECRENRE of
tines.
an arithmetic section provided separately from said control
section and for computing servo data for driving said drive
- section, based on the position information extracted by
said position information extraction section.

(10) The control unit as set forth in Claim 9, wherein at least
said control section and said arithmetic section are
formed on the same semiconductor device.



Wth this operation, as shown in Figure 24(c), control data DACOUT can be
-output at intervals of 1/4 of the servo pattern interval.

< 41 [0127] Thus, if the output of control data DACOUT is perforned 4
times for each regeneration interval of a servo pattern (that is, quadruple
oversanpling), the first processing which takes the nost tine will need to
end in about 25 [err]s of 1/4 of the rggeneration interval of a servo
pattern. Therefore, there is a need to construct the SA 23 so that it

exhi bi ts conput aDISKNDRIVEQ SERVE@ CONTROE. UNIT cAND CONIPR)L UNIT t he case

where 80 servo patterns are present along the circunference of a data
st orage MABSTRACKagnetic disk 1) and the rotational speed of the data
storage nediumis 7200 rpm a servo sector is regenerated at intervals of
about 104 [ er riosredyercpropessing lopd togrn MPUh withewt inerneptingcess so sughmad gasibi n
this tinme and _output control data DACOUT.

realize high-degree servo control.

An analog/digital (AD) converter (ADC) (16) performs the AD conversions of

the regenerated levels A, B, C, and D of burst patterns supplied from a channel (5) and

retains the converted levels in an ADC register (17). A servo assist (SA) (23) computes

parameters, such as the position error of a head (2), independently of an MPU (12),

based on the regenerated levels of the burst patterns retained in the ADC register (17)

and an instruction from the MPU (12) retained in a SRAM (24). Based on the computed

parameters, the SA (23) computes servo data (DACOUT) for driving a voice coil motor

and supplies the servo data to the DAC section of a VCM driver séction 6 through a SIO

(22).

Fig. 1



[ 0129] In the case where the aforenmenti oned processing for servo control
*is perforned only by an MPU, the MPU is occupied during the period nore
than 80 [err]s fromthe occurrence of servo interruption caused by
generation of a servo sector to the end of the first processing for servo
control (the first servo processing). For this reason, the processing tine
of the MPU which executes the processhggg(connand/nediun1processing) for

i nput -out put control of data between it and external equipnent and
wite/read control of data to a data storage medi um (magnetic disk 1) is
only about 20% of the entire processing tine.

42 [0130] . On the other hand, in the disk drive of this enbodi nment,
conput at i ofit9&¥e skervo control can be executed independent of the MPU 12 by
the SA 23. Therefore, when servo interruption occurs as shown in Figures
24(b) and (c), the SA 23 first conputes paraneters, such as the

af orenenti oned devi ati ogy, CP and—speed CVE. The SA 23 sends an interruption
request to the MPU 12 oc€ssing by the MPU 1@, such as processing
whose contents ot i —A—Prer-chre H-ication

and error proce§sing, TS\needad —_Therefore, the processingsy the
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MPU 12 usually ends in a short tine and the MPU 12 is rel eased from
processing. After the output of the first control data DACOUT, the SA 23
outputs control data DACOUT for every a predetermned tine. For this
reason, the servo processing which is executed by the MPU 12 can be set to
about 30 [err]s for every 104 [err]s (regeneration interval of a servo
pattern). For this reason, the proceSS|n time of the MPU 12 for executing
comand/ medi um processi hg can be i ncr ed. Although comand/ nedi um
processi ng | oad has been increased due to the high performance of data
_processors, the disk drive of this enbodiment can easily cope with an

i ncrease in the ocessing | oad by increasing the command/ medi um processi ng
time in tHe é&%?%ﬁghentioned way. [ 0131] Figure 25 conceptual |y shows the
generation of servo sectors and the timng of the aforenentioned
processing. Note that Figurgg25 shows the processing which executes two
kinds of filter processing ({ilter A a8 filter B) and al so perforns

guadr upl e oversanpling processt

43 [0132]

r VCM
}
X9— HDC
Figure 3

CYLIDn—1

.................... 5Al SPRIITN SRS
CYLIDn |SECCNT WEDGE-C

................ o) S EERE Bt
CYLIDn+1 WEDGED




Jf the regenerations of the cylinder ID nunber and the sector nunber shown
in Figure 25(b) are ended and al so regenerati on of burst patterns (WEDGE-A,
VEDGE- B, WEDGE-C, WEDGE-D) is started, a WEDGE sanpl e cl ock (CLK) signal

wi |l be generated as shown in Figure 25(c) and a servo interruption signal
will be generated as shown in Fgure 25(d). As shown in Figure 25(e), since
there is tine between the tinme that interruption occurs and the tine that
the AD conversions of the regenerated 13¥®ls A, B, C, and D of the servo
patterns by the ADC 16 are ended and retained in the ADC regi ster (ADCREG
17, the SA 23 first executes the aforenentioned cylinder ID estimation
processing, as shown in Figure 25(f). [ 0133] After the AD conversion of
pattern VEFEE-B by the ADC 16 has been ended, the SA 23 starts conputation
of a master"PsTtTon error signal MPES. The reason why the computation
processing of the position error signal PES (MPES) is started when an AD
conversion is being perforned is for executing the aforenenti oned abort
processing as early as possible and is that the start of the conputation of
MPES i s possible at thensthge where mhel ADrce2versi on of pattern WEDGE-B
has been ended. Successively, after the AD conversion of pattern WEDGE-D
has been ended, the SA.23.stgrts..gopput.ation..of sl ave position error

signal SPES. Aftea thg co anon of t [SRES, | g@%ﬁ %1% conput es
parameters, such as th or gnentNoned” parfanet er g , » APE, CVE, AVE
and SPE, and f urt her mrgre—exdeutes—{he—afgrerentd-bned range judgnent of
devi ati on and speed, t devijatio

T%ion, an‘dﬁlﬁ%(;\/\éiéte abort
7

=
- WEDGE-C

N
/_\\ WEDGE-D ~

pr ocessi ng.

8

I/

Center position of a head



44 [ 0134] If the conputation of the aforenentioned paraneters has been

“ended, the SA 23 will conpute servo data CNTIN and furthernore execute
filter processing of two stages (filter A and filter B), as shown in
Figure 25(g). After the end of the filter processing, the SA 23

outputs the first servo data to the VCM driver section 6 through the SIO 22
as control data DACQOUT. [ 0135] Thereafter, as shown in Figures 25(h)
and (i), the SA 23 executes filter pr8é¥ssing again for every a
predeterm ned tine, based on the first servo data CNTIN, and |ikew se

out puts conputed.servo data to the VCM driver section 6 as control data
DACOUT. FOdw6d s Al t hough the output interval of DACOUT can be accurately
control |l ed because processi ng has been perforned based on the output of a
timer by hardware, it is possible that there will be a fluctuation of about
2 [err]s due to the conflict control between the SIO 22, the SA 23 and the
MPU 12, because the Sl (0QZ2Z Shpr efl by the [SAJZ3Tand the MPU 12, as
descri bed above. [0137]

CYLID+0
CYLID+0
CYLID+0
CYLID+0
CYLID+1
CYLID+1
CYLID-1
CYLID-1
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I ncidentally, fromthe viewpoint of a reduction in the sound, which is
generated by the vibration of the head arm 3, and nechani cal
characteristics, conversely it is advantageous to have a certain degree of
fluctuation in the output interval of control data DACOUT. °~ For exanple,

i n human audi o.characteristics, between a sound with a sharp frequency
distribution and a sound with a gently-sloping frequency the sound with a
sharp frequency distribution is felt3bBuder. For this reason, if the

out put 45 i nterval of control
data DACOQUT is given fluctuation, the strength of a sound which is
recogni zedg Agu Wi ge can be reduced. |n addition, giving fluctuation to the
out put interval of control data DACOUT can contribute to an enhancement in
durability and an enhancenent in nmechanical characteristics such as a
reduction i'n vibration. [ 0138] More specifically, as shown in Figure
26, the SA 23 generates a random nunber fromthe output (CNTQUT2) of filter
processing B and addsTrt ta+fle ini'hial: get-1valye-1(TI MER) of the timer each

time control data DA@QOE I%Eﬁ pui‘:v—gr@e‘r %chang t he

FE -~ SPES

|

H

'

.
.

4

|




i nt'erval between the current control data DACOUT and the next control data
DACOQUT. The random nunber is generated by conputing an absol ute val ue and
a sign fromthe low order 3 bits of the output CNTQUT2 and has a val ue area

of - 4to + 3. If arandomnunber such as this is added to the initial
timer set value (for exanple, 25) to conpute the DACOUT interval, the
average value of the DACOUT intervals (21 to 28 [err]s) will be nearly
equal to the initial timer set val ue. g;14 0139] For nost conputations for

servo control such as described above, the SA 23 can independently execute
themif necessary coefficients_and paraneters are previously set to ADC
regi ster 17, registers W) through W4, and SRAM 24. In the situation which
cannot be Rirgpgessed with the SA 23 al one, such as error processing and
exception processing, the SA 23 sends an interrupt request to the MPU 12,
as descri bed above, and the proce55|ng thereafter is executed by the NPU
12. « o+ 46 [ 0140] In order to

performall of servo processing ﬂrit'il"lfﬁhée'rflrst
aigigio
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control data DACOUT is conputed, there is a need to use an adder nore than
30 tines. The tine it takes an adder to execute one | oop of the

af orenenti oned conputation is 50 ns and the tinme to access SRAM 24 is 75
ns. Therefore, for exanple, in the case where access to the SRAM 24 occurs
twice for every 16 |oops, the required tine is 300 x 50 + 75 x 300/8 =
about 17.8 [err]s and therefore it is possible to set the required tine
within the target time 25 [err]s frddl2he beginning till the aforenentioned
first control data DACOUT. [0141] In the af orenmentioned enbodi nents,
whil e a description has been nade mainly of a follow ng operation which
causes a head to follow a target track, the present invention is also

appl i cabl Bigwrea &eek operation which noves a head to a target track and

ot her servo controls. [0142] In addition, in the aforenmentioned

enbodi nents, although the SA 23 has been equi pped with an adder, various
arithnetic unltérfof ge+florni ng nuIUppulcaman and division at hlgh speed
(for exanple, li el Fﬁqf ngﬁﬁq mh?g e$ the partial products of
nultlpllcatlon.L pén gl-iand-adds-- enirl been"developed.and t herefore
the conputati@i_performncd™of mulitiplicdtion and BiREsSES8n be furt her
enhanced by el oyi ig t he érb&hnetlc uni ts. Wt IICURHHOS -stMERSt ure, an

i ncrease in ti}“““' M7 prreof] ""“F,’E“‘e{‘rfp'@‘r'l"ﬁg‘ CANG an T IR R RS e N@ESC e nunber  of
stages of fil 1ﬂg~eaﬁ"be~eas 1y -rachi-eved-—-Furthepnpe:: esent
i nvention nay‘ﬁz -nodified. WLLhLA%Eh&-&CQp&qu thi.ggéntﬁﬁgg e a portion
of (0) = SRR st L i CURTOS SIES-%0
@ 1 N §CUR POS = MPES
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47+ the conmputation for servo control is realized by hardware which

oper ates i ndependently of an MPU. [ 0143] [ Advant ages of the invention]
In the drive disk according to the present invention, arithnetic nmeans
provi ded separately from control means conputes servo data f'or driving a
drive unit, based on the position information extracted by position
information extraction means. Therefogeigthe processing |oad to the control
means can be reduced. For this reason, high-degree servo control can be
realized without increasing processing load to the control neans so much.
3. Brief Description of the Draw ngs: Figure 1 is a bl ock diagram show ng
t he cons%LtuEioTlof a disk drive according to an enbodi nent of the present
i nventi ony;- 9" Eigure 2 is a block diagram showi ng the constitution of a
conventional disk drive;

1234 11235 | 1236 1237 | 1238 {1239 | 123A | 123R

e m A m RN e Y a - - ————

(PRE__TRK=123BCO)

CYLID
"""""""""""""""" E VASH /% S04 20 WD XA Vol 2 A S
22nd servo pattern 3= IV, Gl a0 b

lt'_ _
ST

PPE 0630

sl il
__________________________ NG S H
23rd servo pattern ¥ 7 TR VA N XK A,
(CUR__TRK = 128790) o ;
CPR=0200 ! i
TAR__TRK = 12350 i

Y i
DST=0003 APE=0200 AVE=0430



Figure 3 is a diagramshow ng an exanple of the format of a servo sector

used in-the conventional disk drive; Figure 4 is a diagram showi ng the
rel ati onshi p between the radial position of a nagnetic head and the | evel
of a regenerated servo pattern; Figure 5 is a diagram showi ng a table

used for the conmputation of.the position error signal of the head in the

di sk drive according to the enbodi nent of the present invention;;

48 Figure 6 is a diagramshowing thegpgsition in the track width
direction and a change in the position error signal of the head in the disk
drive according to the enbodi mrent of the present invention; Figure 7 is a
di agram showi ng the rel ati onship between the position of the head in the
track w dtdy fdiFectd on and an conputation equation used to conpute a
cylinder 1D nunber;
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Figure 8 is a diagram showi ng the relationship between the position of the
head in-the track width direction and an conputation equation used to

conpute a current position; Figure 9 is a diagram showi ng the position of
the head in the track width direction and a change in a current position;
Figure 10 is a diagram show ng conputation of track di stance; Figure 11
is a diagram show ng conputation of head speed; Figure 12 is a diagram
showi ng a process of conputing a ranggymynber; Figure 13 is a diagram
showi ng a process of predicting deviation; Figure 14 is a diagram show ng
a process of estimating a cylinder |D nunber; Figure 15 is_a diagram

showi ng the gain adjustnent of a DAC drive voltage and the limts on the
vol t age; F.Fi ur§#;6 is a block diagram showi ng the constitution of a
har dwar e séﬁﬂ%ﬁ% (SA) constituting the disk drive according to the
enbodi mrent of the present invention;
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49 Figure 17 is a diagram show ng conputation processing perforned by the

SA, Figure 18 is a diagram show ng binary multiplication performnmed by
manual cal cul ati on; Figure 19 is a flowhart showing nultiplication
perfornmed by the SA Figure 20 is a diagram show ng data change in the
mul tiplication perfornmed by the SA Figure 21 is a diagram show ng binary
di vi sion perfornmed by manual cal cul ati on; Figure 22 is a flowchart

showi ng division perforned by the SA; Figure 23 is a diagram show ng data

change in the division performed by the18A; Figure 24 is a diagram
show ng oversanpling processing perfornmed by the SA
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Figure 25 is a diagram conceptually showing the entire conputation
- processing perfornmed by the SA;, and Figure 26 is a diagram show ng a

met hod of conputing a DACOUT interval. [ Description of synbol s] 1 ..
Magnetic disk 2 ... Head 3 ... Head arm6 ... VCMdriver sect.ion
50 6 ... VCMdriver section 10 ... Integrated HDC-MPU chip 12 ... Mu 23
SA X2 ... Track X3 ... Servo pattern :
12/19
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51 4. C ai ns: (1) A disk drive conprising: a disk

- storage nmedi um having a servo area on which servo sectors are recorded
and a data area on which data sectors are recorded; a
record/regenerate section for perform ng regeneration of -a servo
sector recorded on said disk storage nedi um and al so perform ng
recordi ng or regeneration of a data se%/%;

Figure 17
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a drive section for controlling a position of said record/regenerate

section; a control section for performng at |east input-output
control of data with respect to external equipnent or control of the
recording or regeneration of a data sector which is perforned by said
record/ regenerate section; a position informati on extraction section
for extracting position i.nformation_indicating the position of said
record/ regenerate section froma regeﬂé/éﬁed out put of the © servo
sector regenerated by said record/regenerate section; and
an arithnmetic section provided separately fromsaid control section and
for conputi mggserevagdata for driving said drive section, based on the
position information extracted by sai d position information extraction
section. (2) The disk drive as set . forth in Caim1l, wherein said
arithnmetic section conprises: 0000101 (1)

X 00000101 (3)

pOOQlOll
. 00000000,
00001011
00000000
+ L
0 ---oeee- 00011:0111 (55) -
Figure 19
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a:plurality of retaining sections for retaining data generated in the

interior of said position information extraction section, said control
section, or said arithmetic section; an adder; at least two
sel ectors for selecting data which is supplied to said adder from data
retained in said plurality of retaining sections, external input, and
from data generated inthe interior of said arithnmetic section; and
a hardware sequencer for controllingl®@€rations of said r et ai ni ng
sections, said adder, and said selectors so that said servo data is
conput ed. (3) The disk drive as set forth in Caim2, wherein said
arithmeti c F488FPoROf urt her conprises an accel eration section for
accelerating conputation in performng mul tiplication or division.
(4) The disk drive as set forth in Claim1l, wherein said arithnetic
section outputs the result of conputation a pluralitW2of times while
sai d servo sector is regenggated. 00000000 00000101
. W1 + 00001011 -
‘ 00001011
L
WO 00000101 10000010
b + 00000000 -
00000101
\
o WO oboooord 11000001
w1 + 00001011
00001101
\
e
d WO 00000110 11100000
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e Wo 00000011 01110000
f WO 00000000 00110111
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53 (5) The disk drive as set forth in Caim4, wherein said

carithmetic section outputs the conputation results of said plurality of
times at irregular intervals. (6) The disk drive as set forth in Caim
1, wherein said arithnmetic section sets a band limt on a time series
of conputation results which are output for each of said servo

sectors. (7) The disk drive as set forth in Caiml1, wherein at |east
sai d control section and said arithmetiggigsection are forned on the sane
sem conduct or devi ce. (8) A servo control unit for controlling a
position of a record/regenerate section in a disk drive, said disk
drive cdripgnirei 2g: a di sk storage nedi um having a servo area on
whi ch servo sectors are recorded and a data area on which data sectors
are recorded; a record/regenerate section for perform ng regeneration
of a servo sector recorded on said disk storage nedi um and al so
perform ng recording or regeneration-of a data sector; a control
section for performng at Iea put control of data with
respect to external equipnment or control of the recording or
regeneration of a data sector ich is performed by said
record/regenerate section; an®is, . wo
pier —= W1 |— STU
0—W21——CAR

ST12
0

Wo~W1~Ww0 | | wo+wiewg |, CAR: 1 Woewl
:0 Wo=swW1
ST15 - )
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a drive section for noving said record/regenerate section; and
said servo control unit conprising:

54 a position information extraction section for extracting

position information indicating the position of said

record/ regenerate section froma regenerated output of the servo sector
regenerated by said record/regenerate section; and an arithnetic
section provided separately from sai d }éhtrol section and for computing
servo data for drive said drive section, based on the position
information extracted by said position information extraction section.
(9) A comtigalreunidt for controlling a disk drive, said disk drive
conpri si ng: a di sk storage nmedi um having a servo area on which servo
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sectors are recorded and a data area on which data sectors are

recor ded; a record/ regenerate section for perform ng regeneration of
a servo sector recorded on said disk storage nediumand . also perform ng
recording or regeneration of data; and a drive section for
controlling a position of said record/ regenerate section; and
said control unit conprising: a position information extraction
section for extracting position ingporomati on indicating the position of
sai d record/ regenerate section froma regenerated output of the
servo sector regenerated by said record/regenerate section, a control
section foFigareoldi ng at | east input-output control of data with
respect to external equipnment or 55
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