CCNTRCLJUNIT " DI SK APPARATUS CONTROL UNI' T OF DI SK APPARATUS BACKGROUND
OF THE | NVENTI 'ON, The pr.esent invention relates to a control unit of a disk
apparatus, and in particular to a con- trol unit suitable for a snall-sized
magneti c di sk.f apparatus for inplenenting high-precision head posi -
tioning demanded as the recording density is increased and inpl enenting
hi gher performance of interface func- tion. In small-sized magnetic di sk
appar at uses, 10 fbr exanpl e, higher recording density is being pronoted by
hi gher performance of interface function, smaller size of apparatus and
| arger storage capacity. For attaining thls hi gher recording density, it is
inportant to increase the track density. As for 15 a high-precision head
positioning technique correspond- ing to higher precision of positioning
operati on asso- '

CONTROL UNIT OF DISK APPARATUS



ciated with increase in track density, there. is an enbedded servo schene
using a servo signal recorded intermttently into a disk surfaces for
recording of 20 data (data record area), i.e., so-called servo signal
enbedded in data record area. In addition, there is a hybrid servo schene
as described in U S Patent No. 5,109,307. According to the hybrid servo
schene, both the servo signal enbedded imlservo face i.e., a disk 25
surface dedicated to recording of a servo signal and a -2- servo signal
recorded in data record area are used. During seek operation, seek speed is
I ncreased by using the servo signal enbedded in servo face which has been
continuously witten into the servo face. 5 As a head

posi tioni ng seFOYTROLCUNLITs ORePESKSABEARATUSW th such a servo schene, a
digital servo circuit schenme using a mcroprocessor is suitable fromthe
vi ewpoi nt of flexible application and higher inte- '

BACKGROUND OF THE INVENTION
The present invention relates to a control
unit of a disk apparatus, and in particular to a con-
trol unit suitable for a small-sized magnetic disk
5 apparatus for implementing high-precision head posi-
tioning demanded as the recording density is increased
and implementing higher performance of interface func-
tion.
In small-sized magnetic disk apparatuses,
10_ for example, higher recording density is being promoted
by higher performance of interface function, smaller
size of apparatus and larger storage capacity.
For attaining this higher recording density,
it is important to increase the track density. As for
15 a high~-precision head positioning technique correspond-
ing to higher precision of positioning operation asso-
ciated with increase in track density, there is an
embedded servo scheme'using a servo signal recorded
intermittently into a disk éurfaces for recording of
20 data (data record area), i.e., so-called servo signal
embedded in data record area. In addition, there is a
hybrid servo scheme as described in U.S. Patent No.
5,109,307. According to the hybrid servo scheme, both
the servo signal embedded in servo face i.e., a disk

25 surface dedicated to recording of a servo signal and a



gration.of, circuit as described in JP-B-4-15548. As 10 for the

m cr opr ocessor conducting digital servo pro-- cessing and having a nunber of
guanti zati on steps and a sanpling period required for inplenmenting a '
positioning precision and a response speed which are equal in level to
those of a conventional analog servo circuit schenme, 15 there is needed a
speed far higher than that of a nicroprdcé%SDr I ncl uded in the anal og servo
circuit schene to conduct servo processing. Furthernore, with the advance

of hi gher de”Siéé(r&c?.Cé’{e%&%t? ﬁc&@&éﬂi{hm%&c&ékﬁé@a&@é%&d 20 a much

hi gher speed is requir the mcroprocessor as descri bed hereafter. As a

recordi ng scherf,fOlg ek !%%éiéﬁ,arsé&%ﬁgéw feNPAd} ESsed By wHEG
peri phery and an outer periphery on the data record area and thereby

increas- 25 i NtHd e wi ¢ BTl ditbsBdsd Lin 4d6FE faca witicl| has Boae bit
Tecording schenme. In the zone bit recording schene, the data record area is
di vided into a qontiriiocudldy cirzotes imtortes degrantagefrom the innernost
° 5 As a head positioning servo circuit scheme
associated with such a servo scheme, a digital servo
circuit scheme using a microprocessor is suitable from
the viewpoint of flexible application and higher inte-
gration of circuit as described.in JP-B-4-15548. As

10 for the microprocessor conducting digital servo pro-
cessing and having a number of quantization steps and a
sampling period required for implementing a positioning
precision and a response speed which are equal in level
to those of a cbnventional analog servo circuit scheme,

15 there is needed a speed far higher than that of a
microprocessor included in the analog servo circuit
scheme to conduct servo processing.

Fu:thermore, with the advance of higher
density recording of data in magﬁetic disk apparatuses,

20 a much higher speed is required of the microprocessor
as described hereafter.

As a recording schemé for equalizing linear
recording densities in an inner periphery and an outer
periphery on the data record area and fhereby increas-

25 ing the area recording density,_there is a so-called
}gdne bit #ecordiﬁg:ééheéé.: Inﬁtﬂé zone bit recording
édheme, the daté.r;cafd area is divided into a plurali-

ty of zon&s'inorder beginning from the innermost of



-3-.the.data record area and the nunber of sectors is nade |arger in an
outer periphery zone |ocated outside than in an inner periphery zone

| ocated inside as described in U S. Patent No. 4,799,112. Small-sized
magneti c 5 di sk apparatuses adopting this schene are now increas- ing. In
this schene, however, the nunber of sectors changes when hi gh-speed seek
operation is conducted over a plurality~of Zones. -As conpared with a di sk
appar at us whi ch does not adopt the zone bit recording 10 schene, therefore,

changeover pr0gR8s haadlbrAlANhrlNOR EhaN AYAReS! olNBaRERE! 18! malel Of S

W th respect to the radial rection of the Kisn as addi ti1onal

processing. BGQEEEErOEntBhsoﬁhéﬂggéfﬁbhé Qéﬁénrohﬁéd”bﬁkgﬂaﬁcQﬁﬁ@ﬁ bear s
a heavier load. 1 The speed of disk rotation was typically 3600

revol uti ons/ m ant an inheeXpepipheiry zbaepastatbd tiheidecest destEibedowever,

the waiting tinme of disk rotation at the tine of data access is shortened

- and in U.S. Patent No. 4,799,112. Small-sized magnetic

5 disk apparatuses adopting this scheme are now increas-
ing. In this scheme, however, the number of sectors
changes when high-speed seek operation is conducted
over a plurality of zones. As compared with a disk
apparatus which does not adopt the zone bit recordihg

10 scheme, therefore, changeover processing attendant upon
the change of the number of sectors with respect to the
radial direction of the disk is needed as additional
processing. Because .of this changeover processing, the
microprocessor bears a heavier load.

15 The speed of disk rotation was typically
3600 revolutions/minute, for example, in the past. In
the recent times, however, the waiting time of disk
rotation at the time of data access is shortened and
the speed of disk rotation for transferring data at

20 high speed is increased. A speed of disk rotation aé
high as 7200 revolutions/minute is thus demanded.

In this way, high speed is increasingly
required of the micrbprocessor used for head position-
ing and data read/write control.

25 ) On the other hand, there are several kinds
as interface between a small-sized magnetic disk appa-

ratus and external dev1ces. As representative inter-

face, there is SCSI (Small Computer System Interface)



t he speed of disk rotation for transferring data at 20 high speed is

I ncreased. A speed of disk rotation as high as 7200 revolutions/mnute is

t hus demanded. In this way, high speed is increasingly required of the

m croprocessor used for head position- ing and data read/wite control. 25
On the other hand, there are several kinds as interface between a
smal | -si zed magneti c di sk appa- ratus and? ext ernal devices. As
representative inter- face, there is SCSI (Snall Conputer Systen1|nterface)

aﬁeftggcsi?rdlzse%lslﬁﬁﬁlﬁg stand‘lﬁcﬁ%l 1S suagljeéj?éecf’to su s?a\r/\telnal

function ext engjqd) | NGy NG SUPRAIST GHTEN IS St A SACT tandihd hen 5

SCSI-3. In response to this, the capacity of the pro- gram storing nmenory
needed by an igdsy f:a@eswﬁaudﬁ&d RS AU PRSI Furtgi gk tliridd gippar at uses

has 1 including support commands such as SCSI-2 and then
5 SCSI-3. In response to this, the capacity of the pro-
gram storing memory needed by an interface control
microprocessor of magnatic disk apparatuses has in-
creased.
Among controls exercised by the control unit
10 of the magnetic disk apparatus, principal ones are head
positioning control, data read/write control and inter-
face control. Aas for such architecfure that these
controls are exercised by a single microprocessor, one
described in U.S. Patent No. 4,819,153 and one de-
15 scribed in U.S. Patent No. 4,979,056 can be mentioned.
Typically.in smali—sized magnetic disk
apparatuses, mechanism for head positioning control and
data read/write control is made essentially the same
and a plurality of variant models having different
20 interface specifications, i.e., different interface
controls for exercising input/output control of data
with respect to the.outside are developed and produced.
If an apparatus control system for exercis-
ing head positioning control employing a digital servo
25 scheme using an embedded servo scheme or a hybrid servo
scheme and for exercising data read/write control and
ﬁ;an interface functlon control system relating to in-

'“put/output control of data w1th respect to the outside



creased.. Anong controls exercised by the control unit 10 of the magnetic
di sk apparatus, principal ones are head positioning control, data

read/ wite control and inter- face control. As for such architecture that
these controls are exercised by a single mcroprocessor, one described in
U S. Patent No. 4,819,153 and one de- 15 scribed in U S Patent No.
4,979,056 can be nentioned. Typically i n~sPafl -si zed magneti c di sk
appar at uses, mechani sm for head positioning control and data read/wite

trol i d
ﬁg\r/]i ;18 d: ?f(ranrae%le% ﬁ%i%h a%é;eb%em fﬁ%?o‘ﬁg&ﬁféae%ﬁlgﬁéﬁ?élﬁ?erface
controls for exshetsedprobaids O Pt ﬁ@@é@éiﬁ’ingf%éc%é@ 6€S@f§itép the

out side are devel oped and produced. If "an apparatus control em for

exercis- ing h@é‘rﬁ@%&ﬁ@fbﬂ%ﬁé@éé@iu{%&%@%ﬁl&fﬂtﬁahigl@éﬂotli’&u schene
usi ng an enbedded servo schene or a hybrid servo schene and for exercising

“data read/ witetlhdttepl imtsh face I‘ﬂiﬁﬁfmb procéssing caid dbe ygt pespehat i ng
to in- put/output control of data with respect to the outside
5 sive to a processing request generated by a periodic
servo sighal appearing at least every sector, resulting
in a lowered processing capability of interface con-
trol.
As a countermeasure against this, there is a
10 method of increasing the speed of processing of the
microprocessor, i.e., the speed of the clock in order
to make waiting time sufficiently short. As compared
with the operation speed in the dual-microprocessor
configuration, however, an exéessively high speed is
15 demanded in the single-microprocessor configuration.
From the viewpoint of circuit technique, the cost of
a microprocessor becomes higher as the speed of its
operation clock is increased. Therefore, it is econom-
ically difficult to use such a microprocessor.
20 As another countermeasure, there is also a
method of developing, for each interface specification,
a procesing scheduling program with special contrivance
applied to a combination.of interface control process-
ing and digital servo cohtrol processing in order to
25 employ the single-microprocessor configuration re-
strained in speed increase. This development takes
time.

As another solution method, a method of
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I"ow cost “control unit of a disk apparatus including an

apparat us cont rshally-<é redadidlg dpgHratesi Such as a 2.5 inch size disk

10

15
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apparatus having a disk diameter of 67 mm, however, the
circuit board space is approximately 70 mm X 100 mm.
This results in a problem that it is difficult to mount
a plurality of microprocessor packages.

A disk drive circuit having product type
Z86C95 of Zilog including a CPU and a slave digital
signal processor (DSP) in one package is commercially
available. However, the digital signal processor is
merely used to assist a part of calculation for drive

by the CPU.

SUMMARY OF THE INVENTION

An object of the present invention is to
provide a small-sized, low-cost control unit of a disk
apparatus including an apparatus control system having
high-precision head positioning and data read/write
functions and an interface function control system
capable of coping with diversified and sophisticated
interface functions.

In order to solve the abbve described prob-
lem, there is provided in accordance with one aspect of
the present invention a control unit of a disk appara-
tus for exercising at least positioning control of a
head of the diskfapbaraﬁua,_éontrol of reading/wfiting

data froﬁfiﬁtbﬂéiaisk via the head, and transfer con-



head positioning and data read/wite functions and an interface function

control system cap iNRAGEt h di versified and sop =
i nterface functiion?ﬁﬁmﬁﬁﬁmnorder to solve the aboveJE@!gug _eFETHAS BEEN

problem there is p ordance with one aspect 1t he HRFEHGED

I nvention a control unit of a disk apparatus for exercising at |east
positioning control of a head of the disk %pbaratus in a closed | oop
manner, con- -7- trol of reading/witing data fronfinto a disk via the

head, and (ranstagy CoBt dota Obefifln DERUSESK NEpHh e aPPRAET 4t feilal

ext ernal device, e control unit 1ncluding I rst m croprocessor for

exer ci si ng posidépitay €RtEGhtHSL tHLI® heaTudisy CONELPst fMicroproces-
reading/witing data fronfinto the disk, so as to perform head positioning

by using a servsosighpablecof dralinly sexkei@is be® pospt boming ecconmtide of sk or
perform head positioning by using both a servo signal recorded on a disk
surface dedi catthe ehead sand|gontrekrfor reading/writing data from/into
5 the disk, so as td perform head positioning by using a
servo signal recorded on a data recording surface of
the disk or perform head positioning by using both a
servo signal recorded on a disk surface dedicated
exclusively to servo signal and a servo signal recorded
10 on a data recording disk surface, a second microproces-
" sor for exercising transfer control of data between the
disk apparatus and an external device, a range of clock
frequency or instruction execution speed in which the
second microprocessor is operable is équivalent to or
15 lower than a range of clock frequency or instruction
execution speed in which the first microprocessor is
operable, the first microprocessor'having a first
memory for storing information relating to head posi-
tioning control and control of reading/writing data
20 from/into a disk via the head, the second microproces-
sor having a second memory for storing at least infor-
mation relating to transfer control of data, the second
memory having a capacity larger than that of the first
memory, and the first microprocessor and the second
25 microprocessor being sealed into a single integrated
circuit package..
In accqrﬁance wifh-a preferred aspect, the

S

first midfépfééegsar has an analog-to-digital (A/D)
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As described above, positioning control of a
head and control of reading/writing data, and in-~
put/output control of data between the disk apparatus
and an external device are exercised in parallel by
different microprocessors. In implementing equivalent
processing capability with respeet to the interface
function, therefore, necessity of increasing the clock
or instruction execution speed is lowered and security
of processing capability in view of circuit technigue
is facilitated as compared with implementation with a
single microprocessor. Furthermore, the cost is also
lowered.

Furthermore, the first microprocessor having
a memeory of a relarively small capacity and suited for
high-speed processing is suitable for driver control —
including high-precision head positioning control and
data read/write control of an embedded digital servo
scheme. The second microprocessor having a memory of a
relatively large capacity and suited for relatively

lower speed processing is suitable for control of

1nterface functlon which needs more and more memory
,;mnctlon expansion of inter-
face specificatiops. Furthermore, since the first

microprocessor does not depend upon difference between

ing a second

of
st




I n accordance with a preferred aspect, the first m croprocessor has an
anal og-to-digital (A/ D REPLACEMENT SHEET converter for converting the
servo signal read out as an anal og signal fromthe disk to a digital

si gnal . The second m croprocessor does not have an A/ D converter. As
descri bed above, positioning control of a head and 5 control of

reading/ witing data, and i nput/output contrdl of data between the disk
apparatus and an external device are exercised in parallel by dlfferent

m cr opr ocessor %?FEE al gty Fﬁ%&*
respect to thesjl' n?éﬂ; ace nctlon, gr/ef%?e necess&}g %? | ncrea5| ng
the clock or 'rﬁ{réiﬁ‘éipr}n&a(fﬁﬁé@{bﬁ%ﬁ‘&m Sdi S gl mg?td'if)fer-

processing capability in view of circuit nique 1s faciTitated as
conpar ed VMtf]éﬂﬁﬂiﬁ%ﬁﬁfﬁdéﬁbp&diffbéﬁi&ﬂsirnCFOprOCGSSOF. Furt her nor e,
the cost is also | owered. 15 Fut hernore, the first m croprocessor
havi ng a nenory Furthermore, by disposing two microproces-

5 sors having different processing contents in the same
IC package, they can be mounted in a small space on a
substrate of the disk device.

Other objects, features and advantages of
the invention will be apparent from the following
10 description of the embodiments in conjunction with the

accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

'Fig. 1l is a circuit block diagram of a

small-sized magnetic disk apparatus according to the
15 present invention;

Fig. 2 is a diagram of servo signal process-
ing in the embedded digital servo scheme;

Fig. 3 is a diagram of a microprocessor IC
package of a small-sized mapnetic disk apparatus ac-

20 cording to the present invention;

Fig. 4 is a diagram of a microprocessor IC
package of a small-sized magnetic disk apparatus ac-
cording to the present invention; and

Fig. 5 is a diagram of a hybrid IC including

25 a microprocessor in a dlfferent small-sized magnetic

dlSk apparatus accordlng to the present invention.
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of arelatively small capacity and suited for high-speed processing is
driver control including high- precision head positioning

sui tabl e for

control and data read/wite control of an enbedded digital servo sche
The second 20 microprocessor having a nmenory of a relatively |large

capacity and

suited for relatively | ower_speed processing is suitable

ne.

for

control of interface function which needt®ndre and nore menory capacity in
functi on expansion of interface specifications. Furthernore,
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er. 5 _ As ‘descri bed above, positioning control
t@bnOkingadenaecwtiribed B9t defamding teUitheut put control

t he di sk apparat us
accompanying drawings.

| Fig. 1 shows a block diagram of a control
circuit of a small-sized magnetic disk apparatus ac-
cording to the present invention.. Fig. 2 shows a part
of servo signal processing in an embedded digital servo
scheme.

In Fig. 1, a microprocessor unit 2 mainly
forms a control circuit according to the present inven-
tion. As shown in Fig. 3, two microprocessors each
formed by one chip, i.e., a microprocessor 2a for
interface functioh control and a microprocessor 2b for
driver contrdl are sealed in a single package.

As shown in Fig. 1, a magnetic disk appara-
tus is mainly formed by a hard disk assembly (HDA) 8
and a control circuit 7.

The hard disk assembly 8 includes a spindle
motor 11 for driving and rotating a disk, a read/write
head 9 disposed opposite to the disk to perform mutual
signal conversion between a magnetic signal and an
electric signal, and a voice coil motor 10 for perform-
ing track positioning of a read/write head.

The control circuit 7 includes a read pream-
plifiér_}5,~a writq.ampl{fier 16, an AGC amplifier 14
for ﬁéking the ampiitﬁgé{jf;; signal read out by the

read preamplifier 15'constant, a coder/decoder 13 for

of a
of



and an_external device are exercised in parallel by different

m Cr opr ocessors.

I n inplenenting equivalent 10 processing capability with

respect to the interface function, therefore, necessity of increasing the
clock or instruction execution speed is |lowered and security of processing
capability in view of circuit technique is facilitated as conpared with
I npl ementation with a 15 single nicfopToE%sSor. Furt hernore, the cost
al so owered. Furthernore, the first mcroprocessor having a neneory of a

relatively s g+ i S Ol i Qh-SRe I i .5 suitable
for driver cg?toflc}?%g cal tRlibe gﬁ&‘gﬁ% orld G egg‘pg'g'g?%&i%ivﬁgdr?ontrol

I ncludi ng -precision

S

data read/ wi fecodingCla ¥ighalcEpgdadadisdioh tnet rdads predmpliFa execond

m cropr ocessor

for relativel sl 0ueposaeddnPicignall detetton 1F0Ifor! demodulla¥ing’ a25
I nterface function which needs nore and nore nenory capacity in keeping
wi th functi onpesjaisnogighalntfeom sareos jaformaation)s a shockheamsox, since
the first mcroprocessor does not depend upon difference between
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30, a driver control microprocessor 2b for exercising
head positioning control and read/write control on the
basis of a physical address and a signal supplied from
the shock sensor 30, and a spindle motor drive circuit
21 controlled by the driver control microprocessor 2b,
a bD/a convertef 18 for converting a head positioning
signal supplied'from the driver control microprocessor
2b to an analog signal, a notch filter 19 for eliminat-
ing a resonance point of operation of the head disk
assembly 8, and a voice coil motor drive circuit 20.
The control circuit 7 further includes an SCSI control-
ler 12 for directly inputting and outputting data,
commands and status information via an SCSI interface
line 6 connected to the outside, interface function
control microprocessor 2a for controlling the SCSI
controller 12, associating a logical address with a
physical address, and exercising interface control, and
a memory 31 such as a cache (and/or supplementary)
memory.

The driver control microprocessor 2b accepts

input thereof supplied from the microprocessor 2a, such

;'as a‘physigal address including a track number and a

sector number on a disk. On the basis of the input,

LA

the driver control microprocessor 2b controls the voice

having a nenory of "a relatively large capacity and suited

and



-9- interface specifications, it can be used in common or in snal
nodi fi cati on anong di sk devices having differ- ent interface
specifications. Furthernore, by disposing two mcroproces- 5 sors having

di fferent processing contents in the sanme | C package, they can be nounted
in a small space on a substrate of the disk device. O her objects, features

and advantages of the invention wll be'aﬂ&arent fromthe follow ng 10
description of the enbodinents in conjunction with the acconpanying
draw ngs. BR EFcﬁEf'q%é’%fq\b%J D% FhGeord 1P & Cdk&HELsl! H%éa
di agram of a small-sized nmagnetic di sk apparatus according to the 1

present inventighgiidnirg | SoRtFbRMERI GOntEEVS ChdNBéad/WELES-cifGuif the
enbedded digital servo schene;
to execute read/write processing.
That is, the driver control microprocessor
5 2b derives track position information and track posi-
tion deviation information from sector servo informa-
tion dispersed on a track of the disk. In case of
seek, the driver control microprocesor 2b makes a
calculation of a seek speed; a calculation of an error
10 from a determined seek speed curve value, and a calcu-
lation of a proper current of the voice coil motor
based on the error in each sector period by using
high-precision digital computation. In following con-
trol for making the head follow a predetermined track,
15 the driver control microprocessor 2b digitizes track
position deviation information (inputted as an analog
signal). By using high-precision digital computation,
the driver control microprocessor 2b calculates a
current proper to the voice coil motor in a digital
20 servo loop including filter computation within each
secfor period.

On the basis of external interface inputs
such as a read/write command for ordering read/write
operation with respect to a logical address including

25 data block No., a status message and data, the inter-
face function control microp;ocessor 2a issues head
' positioning and_réad/write.cdmmands with respect to the

physica;;ngggs§syo the driver control microprocessor



Fig. 3.is a diagramof a microprocessor |IC package of a small-sized
magneti c di sk apparatus ac- 20 cording to the present invention; Fig. 4 is
a diagram of a mcroprocessor |IC package of a snall-sized nagnetic disk
apparatus ac- cording to the present invention; and Fig. 5 is a diagram of
a hybrid ICincluding 25 a mcroprocessor in a different small-sized
magneti ¢ di sk apparatus according to theldresent i nventi on. - 10 -
DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS Her eafter, enbodi nents of the

present 1 nven syl Ofkolda g ofeS Gib a5 i £oBle e, HaGato A N0

drawi ngs. 5 ‘shows "a C ram of a control circuit of

Fio 2 shone B ERREer e e e T e R ol ser vo
tion for efficiently adjusting the difference between
data transfer speed on interface to the outside and the

5 read/write transfer speed on a disk medium. Further-
more, the interface function control microprocessor 2a
exercises interface control and control of the disk
apparatus based ﬁpon external interface specifications
and apparatus specifications.

10 "~ Two microprocessors 2a and 2b are different
from each other in operation clock frequency and inter-
nal ROM capacity. The driver control microprocessor 2b
has an operation clock frequency of 20 MHz, for exam-~
ple. The.interface function control microprocessor 2a

15 has an operation clock frequency of 12 MHz, for exam-
ple. Since high-speed computation is mainly conducted,
higher speed is required of the driver control micro-
processor 2b than that of the interfacé function con-
trol microprocessor 2a which mainly performs communica-

20 tion control according to communication protocol
rather than coméutation.

The driver control microprocessor 2b has an
internal ROM capacity of 8 kbytes, for example. The
interface function control microprocessor 2a has an

25 infernal ROM capacity of 64 kbytes, for example. The
reason isifhgg Epeddr;vegicgptrpl microprocessor 2b
mainly pe;formsahighQQpéé :éﬁ@;ufétion using limited

basic compﬁ%g%fgﬁ“g;gorithm as digital servo processing



schene, 10 In Fig. 1, a microprocessor unit 2 mainly forms a

control circuit accordj ng<da0. t he present inven- tion. As s Jln Fig. 3,

two m craopgace o\ ormed by one chip, i.e., a mcro {ar
interface f m ahd a microprocessor 2b for 15 é BEEN ’
are sealed i kage. As shown in Fig. 1, a nmagn -

tus is mainly forned by a hard disk asSe%ﬂIy (HDA) 8 and a control circuit
7. The hard di sk assenbly 8 includes a spindle 20 notor 11 for driving and

rotating a o sor JASAUMILP HEFhAd IR BRI, dhd ladiek 10
perform nutual signal conversi on between a rmagneti ¢ signal and an electric
signal, and agi< gm0 dedP P 1abyd Mentty VdPaditg, Lrack positioning of a
read/ wite head. 25 The control circulit 7 includes a read pream
plifier 15 a wite anplohithe l6théh HWékd 2rdd | Ebmparda fwi thediggtabe
anplitude of a signal read out by the read preanplifier 15 constant, a
coder/ decoder sErvmrcomputation processing in which the procedure can
5 be represented in brevity by using matrix computation
representation, the interface function control micro-
processor 2Z2a mainly exercising input/output control of |
commands and data according to interface standards must
store a processing program including many kinds of
10 combinations of condition decision and processing.
Furthermore, as seen in amendment of standards from
SCSI-1 to SCSI-2, there are a large number of function
expansions including addition of commands to be sup-
ported such as a queueing command. Furthermore, it is
15 also necessary to make possible changeover to substan-
tially standardized speéial specifications such as SCSI
specifications of special company type responsive to a
customer's reguest even under the same standards.
The driver control microprocessor 2b incor-
20 porates an A/D converter for converting a servo posi-
tion signal and a signal supplied from the shock sensor
30, i.e., analog signals to digital signals. On the
other hand, the interface function control microproces-
sor 2a exercises interface control with respect to
25 external devices. Only the digital system is a subject
of direct control. Therefore;}the interface function
control microprodegsor 2a dbeé:not incorporate an A/D

h Py ! N
L Yh B

converter..:



coding data to be sent to the wite anplifier 16 and decodi ng a signal
supplied fromthe read preanplifier 15, a position signal detector 17 for
denodul ati ng a position signal fromservo information, a shock sensor 5 30,
a driver control mcroprocessor 2b for exercising head positioning control
and read/wite control on the basis of a_physical address and a signal
supplied fromthe shock sensor 30, and-al ptndl e -notor drive circuit 21
controlled by the driver control mcroprocessor 2b, 10 a D/A converter 18

for converting a head pqsit..an F el éﬁﬁ%#. t river contro
m croprocessor 2b to anq?arén%%%%%s}?gc?\fal , a notc 6?%{%%9&# elimnat- ing
a resonance Pyt 10si10R% Hdghietdlc oK hatiatusA 3L HleY ghestiit a Voi ce

coil motor drive circuit 20.” 15 The control circuit 7 further includes an

SCSI control - ehfodlisent wlilneeicw be@dscrithed byo teFdririhg di Figgamands

and status information via an SCSI interface line 6 connected to the
outsi de, intenfae@d faunction control mcroprocessor 2a for controlling the
> 5 A positioning scheme of seek operation and |
following operation of.the head 9 is the embedded
digital servo scheme. In this scheme, a signal is
first read out from a track 23a on a magnetic disk 22
via the read/write head 9, the read preamplifier 15 and
10 the AGC amplifier 14. From a signal of a servo pattern
section 24 included intermittently in a track signal 23
(Fig. 2), an analog position signal is taken out by the
position signal detector 17. The analog position
signal is subjected to A/D conversion procéssing 5a in
15 an A/D convertef 5 to be digitized. A digitized posi-
tion signal is thus obtained. Frém the signal of the
servo pattern section 24, track No; information is also
obtained.
On:the basis of this, the driver control
20 microprocessor 2b conducts digital positioning control
processing 32 using the above described digital compu-
tation processing and outputs a control signal for
positioning. This signal is subjected to D/A conver-
sion processing 18a in the D/A converter 18. The D/A
25 converted signal is outputted to the voice coil motor
10 via the notch filter 19 and the voice coil motor
drive-circgit.zo.: The driver control microprocessor 2b

also outputs a signal for driving the spindle motor 11



20 controller 12, associating a |ogical address with a physical address,
and exercising interface control, and a nenory 31 such as a cache (and/or
suppl ementary) menory. The driver control mcroprocessor 2b accepts 25

I nput thereof supplied fromthe mcroprocessor 2a, such as a physi cal
address including a track nunber and a sector nunber on a disk. On the
basis of the input, the driver control mtﬁQuﬁocessor 2b controls the voice
-14- for positioning the head at high accuracy and hence does not need a

| arge menmory cagagi ke %ﬁl&ﬁgeoﬁg 6rhaggvaaéigegggr§g with digital servo

conput ati on processing ch t e procedure can be 5 represented in
brevity by using nmatrix cegRUhahber b%p%%§%ﬁt§E%QErn setht@ons RAkerface

function control mcroprocessor 2a mainly exercising input/output
control of conmasfita@ndddahacneceldbififésenseeot atRestradrr 9Sanvat the
magnetic disk 22 is larger in an inner periphery zone
5 +than in an outer periphery zone. Such a so-called zone
bit scheme is adopted to equalize the recording densi-
ty.
Depending upon a zone that the head posi-
tioning track belongs to after seek, the driver control
10 microprocessor 2b immediatelylperforms changeover to a
necessary parameter value with respect to various
parameters of the read/write system circuit such as the
read/write signal frequency, write precompensation
value, write current, amplitude slice level of read
15 waveform peak detection and discrimination, and read
data discrimination window time. width in order to
secure and maximize the normal readout margin in each.
zone.
As for read data, a signal is read via the
20 read/write head 9, read preamplifier 15, AGC amplifier
14 and coder/decoder 13, and is outputted from the SCSI
controller 12 to the outside. .
Write data are inputted from the outside to
the SCSI controller 12 and are written into the magnet-
25 ic disk 22 through the coder/decoder 13, write pream-
pllfler 16 and the read/wrlte head 9.
;4 Inyorder to improve shock resistance in

operation by using the shock sensor, the driver control



store a processing programincluding many kinds of 10 conbi nations
condi tion
standards from SCSI-1 to SCSI-2, there are a | arge nunber of function
expansi ons including addition of commands to be supported such as a

gueuei ng command. Furthernore, it is also necessary to 15 nake possible

changeover to substantially standardi zedl%pecial -specifications such as

SCSI specification of special conpany type responsive to a custoner's

T ' | 2m 2b
R R S S A e

or con

a singla supplj e ki a0 Frime a ' 0
EF%@lE&Q%EB?hgiggﬁgr%%B§Q1e§ £rom® the2BRbEK SRS 30

si gnal s. hand, the interface function contr

M Ccroprocessoyhéda @xer ari®er tbatiralemierbbebcekbr’ 2bPaek deteseanal
Only 25 the digital systemis a subject of direct control.

di gi tal

devi ces.

Ther ef or e,
i ncorporate an A/D converter. It will be apparent that the above descri bed
ci bcuvalpeovirdesorel, od&dimpedibsedypesercésesgwrdter dnhibit

contro

10

15

20

25

t ha shbekf aceellefration edghadl egualopnoecpredeertddasdnot

control in order to prevent off-track writing from
destroying data. The off-track writing means writing
data into an erroneous track due to track position
deviation.

For such control operation of the driver
control microprocessor 2b, further increase in speed
tends to be demanded because of higher precision of
required positioning operation caused by increase in
track density and because of higher speed of disk
rotation aiming at shortening the rotation wait time
until the head arrives at a desired sector after com-
pletion of seek operation for a desired track and
aiming at increase in data transfer speed. As de-

scribed above, therefore, increase in clock speed is

of

ol

attempted for the driver control microprocessor 2b. On

the other hand, the interface function control micro-
processor 2a activated by a lower-speed clock is used
for interface control that high speed is not required
of. |

The interface function control microproces-

. sor 2a is connected to the SCSI controller 12 and the

driver cbhtrol miérdprOCessor 2b. The interface func-

tion control microprocessor 2a executes diversified and

deci sion and processing. Furthernore, as seen in anendnent of

and



- 13 - 2b. In addition, the interface function control mcro- processor 2a
controls the nenory 31 having cache func- tion for efficiently adjusting
the difference between data transfer speed on . .interface to the outside and
the 5 read/wite transfer speed on a disk medium Further- nore, the

I nterface function control m croprocessor éa exercises interface control
and control of the di sk apparatus based’ub n-external interface

speci fications and apparatus specifications. 10 Two

M Ccr opr ocessor %@i@%&éﬁ%@%ﬁn@éﬁﬂc@%u&fm%&; ARy dohtaRar & on cl ock

frequency and in capacity. The driver control m croprocessor 2b

has an oper ati ganeh@ak Ade Hedpnsel widhVidz hilghl rankindedliece, Thonyrolr f ace

function control mcroprocessor 2a 15 has an operation clock frequency of
12 MHz, for exa® stioragd Red Regidotfced cormespiondings datian! yansh phwered,

hi gher speed is required of the driver control mcro-
saving control. Therefore, the capacity of an internal
5 ROM for storing procéssing program needed by the inter-
face function control microprocessor 2a is approximate-
ly eight times the capacity of an internal ROM for
storing program needed by the driver control micropro-
cessor 2b. |
10 Timing of operation between two microproces-
sors 2a and 2b is adjusted as described hereafter. The
two microprocessors 2a and 2b have interrupt flags
respectively controlled by them on registers, and
mutually exercise polling supervision over generation
15 of an interrupt request. When_one microprocessor has
received an interrupt request from the other micropro-
cessor, independent operation is temporarily interrupt-
ed and status information, commands and data are mutu-
ally sent and received. Thereby cooperation of opera-
20 tion is implemented.
Fig. 3 shows the structure of an IC package
1 of a microprocessor for a small-sized magnetic disk
apparatus according to an embodiment of the present
invention. The interface function control micfoproces-
25 sor 2a and the driver control microprocessor 2b are
herﬁetibally seélqdéi;?égéiéame IC package 1.
e (Figy 4 shows the structure of an IC package

1 of a microprocessor for a small-sized magnetic disk



processor 2b than that of the interface function con- trol m croprocessor
2a which mainly perfornms communica- 20 tion control according to

comuni cati on protocol rather than conputation. The driver contro

m croprocessor 2b has an internal ROM capacity of 8 kbytes, for exanple.
The interface function control mcroprocessor 2a has an 25 internal ROM
capacity of 64 kbytes, for exanple. Th& t€ason is that the driver control
m croprocessor 2b mainly perforns high-speed conputation using limted

Do) £ corhe AARAANY {OBARA) 84 Sbstie RSESRAG or ol pldl
menory capaci ight GhidiAder HRbrast PRI MAdy & Wi Ans Svker-
conmput ation processing in which the procedure can 5 be represented in
br evi t?/ PnyctrJg i_faa:érmxfﬂcq:m{rm&xﬂiﬁan niRAFEtedcin . 24 hd MRS famfanct i on
contro of the driver control microprocessor 2b are integrally
5 formed within a single microprocessor IC chip 2. The
microprocessor 2 is hermetically sealed within the IC
package 1. |
Fig. 5 shows the structure of a hybrid IC
containing microprocessors in a small-sized magnetic
10 disk apparatus according to still another embodiment of
the present invention. The interface function control
microprocessor bare chip 26 and the driver control
microprocessor bare chip 27 are mounted on a single
hybrid IC substrate by means of wire bonding or the
15 1like. The bare chip is subjected to silicon resin
potting seal 28. Furthermore, the entire hybrid IC
substrate is subjected to epoxi resin mold seal 29.
The microprocessor package including two
microprocessors 2a and 2b, or 26 and 27 shown in Figs.
20 3, 4 and 5 is mounted on a circuit board of a
small-sized magnetic disk apparatus having a disk
- diameter of approximétely 67 mm or less; i.e., having
so-called 2.5 inch form factor size or less.
According to these embodiments heretofore
25 described, two microprocessors having different speci-
fications depending ﬁpdh'processing contents are dis-
posed wirprnﬁggeﬁs?mé iC ﬁackage. As a result, two

microprocessors can be mounted in a small space on a



processor -2a mainly exerci sing input/output control of comuands and data
according to interface standards nmust store a processing programincluding
many ki nds of 10 conbinations of condition decision and processing.

Furt her nor e,

as seen in amendnent of standards from SCSI-1 to "SCSI -2,

t here

are a |large nunber of function expansionszbncludjng addi tion of conmands to

be sup- ported such as a queuei ng command““Farthernore, it is 15 also

necessary to

make possi bl e changeover to substan- tially standardized

speci al speci fiG3149%S pilica 3F SCEmaiNCYilieP agmetilc WK Apgaaany type

responsive to a custoner's request even under the same standards. The

driver control gH & @PHeRSS Frm? Fdcoted size R aless.an A/ D converter for
servo posi- tion signal and a signal supplied fromthe shock

converting a
sensor 30, i

i nterface function control

.e., anal og 9 gEENErdD sirgtdnl hasr gl per forndrece tdguivand,
m croproces- sor 2a exercises interface control

't he

Wit h respect tdedt textthatlofievisiegle @riloropreoagisgioralcany fee @aonaiisybj ect
~of direct control. Therefore, the interface function control njicroprocessor

2a does not 5 nceljor aealdzelt while avoiding demand upon the micropro-

10

15

20

25 .

cessor for excessively high speed, which is a problem

caused by using a single microprocessor in the same way

as the conventional technique to form (1) a driver

control system capable of improving shock resistance in

operation, using the zone bit recording scheme,

high-speed rotation of the disk and a shock sensor, and

including high-precision head positioning of embedded
digital servo scheme and data reading and writing, and
(2) an interface function control system corresponding
to diversified and sophiscated interface function.

By the way, the instruction execution speed
of a microprocessor is not determined by the clock
frequency alone, bqt depends upon the instruction
configuration and circuit components. For example, a
RISC (reduced instruction set computer) type micropro-
cessor is much higher in speed than a CISC (complex
instruction set computer) type microcomputer.

By constituting the microprocessors 2a and

2b respectively as CISC type and RISC type, thererfore,

each of them can be provided with necessary data pro-
‘cessing capability instead of distinction of the clock
frequency. As for the microprocessor 2b, an IC of SH

7000 series incorporating an A/D converter produced by



converter. - 15 - QOperation of the control systemof a small-sized
magnetic di sk apparatus in the present enbodinent will now be described by
referring to Figs. 1 and 2. 5 A positioning schenme of seek
operation and follow ng operation of the head 9 is the enbedded digital
servo schene. In this schene, a signal is _first read out froma track 23a
on a magnetic disk 22 via the read/witée Redacr 9, the read preanplifier 15
and 10 the AGC anplifier 14. Froma signal of a servo pattern section 24

i ncluded interngjteat] Vrtd. @ $6ACkxShSIIE! @an (bkJusdd; an anal og position
signal is taken out by the position signal detector 17. The anal og position
signal is subjected to A Bceepdehgi €6 PhecpsesaftSanventdodl) HhE converter
5to be digitized. A digitized posi- tion signal is thus obtained. Fromthe
signal of the driver control system and the interface control system

of a disk apparatus can be controlled by different
5 microprocessors. Furthermore, by sealing these micro-
processoré in the same package, a éompact small-sized

‘disk apparatus can be realized.




seryé.pattern section 24, track hb |nfornat|on |s o obtained. On the
basi’s of thi s, thedriver—control Uml || cond al

posi tioning. cmgts[,a,m@rya hég 32 u5| ri bed dfggtdﬂt WBEEN
tation process s a contro slgnal for posi tionilng. Thi:sLsteDal
IS subjected t sron prOCESSI£% 18a in the DA ¢
The D/A 25 con i s ioutputted The voice coil motor 10 via the
notch filter 19 and the v0|ce coil notor drive circuit 20. The driver
control ”‘CVOPWﬁﬁ@SiQrCﬁEIﬁhﬁol utputs a signal for driving the spindle
notor 11 - 16 - via the spin e motor drive circuit 21. The nunber of
servo pattern gections 24acepRhrdiNeshitn oFNQ dilsky a¥atRisOffdrh@xerack 23a
on the magnetic disk 22 is larger in an inner periphery zone 5 than in an
outer periphergigang. abulBastsposakliedingnéontrol of a head of the

disk apparatus, control of reading/writing data from/to
a disk via thé head, and transfer control of data
between the disk apparatus and an external device, said
control unit comprising:

a first microprocessor capable of mainly
exercising positioning control of the head and control
for reading/writing data from/into the disk without
depending upon control ekercised by a second micropro-
cessor different from the first microprocessor and in
paréllel thereto, so as to perform head positioning by
using a servo signal recorded on a data recording
surface of the disk or'perform head positioning by
using both a servo signal recorded on a disk face
dedicated exclusively to servo signal and a servo
signal recorded on a data recording disk surface;

a second miqroprocessor for exercising
transfer control of data between the disk apparatus and
an external device;

a range of clock frequency or instruction
execution speed in which said second microprocessor is
operable is eguivalent to or lower than a range of
clock frequency or inst:uction execution speed in which
said first microproceséar is operable;

said first microprocessor having a first

interior or exterior type memory for storing infor-




zone that the.head-posi-—t ing track eek, the driver

bit schene is adopted to equal I ze the recordlng den5| BE Dependi ng upon a

FRENRL e ?zﬁgﬂlﬁlﬂmﬁwh;%mmwﬁm =

circuit such as ngnaI fregﬁency, wite preco
value, wite current, anplitude slice | év read 15 wavef or m peak
detection and discrinination, and read data discrimnation w ndow tine

width in order D6 el SELhdBes ! é&it;f@si‘ﬂéﬁin%moiméﬂd%éﬂtﬁéﬁh
zone. As for read data, a signal is read via the 20 read/wite head 9, read

preanplifier 1l5foAGea&ding foLrwiitong doeerfxsn asierido emsl dbslopt putted
fromthe SCSI controller 12 to the outside. Wite data are inputted from
the outside to the SCSI csaidoséeondmibaroprecessbtehavihg ahsegagdet - 25
ic disk 22 through the coder/decoder. 13, wite pream plifier 16, and the
read/ wite headirtterior or exterior type memory for storing at least
information relating to transfer control of data; and
'said second memory having a capacity larger
than that of said first memory. -
2. A control unit of aldisk apparatus according
to Claim 1, wherein said first microprocessor comprises
an analog-to-digital (A/D) converter for converting
said servo signal read oﬁt as an analog signal from the
disk to a digital signal.
- 3. A control unit of a disk apparatus according
to Claim 1 or 2; wherein said first microprocessor and
said second microprocessor are sealed into substan-
tially one integrated circuit package.
4. A control unit of a disk apparatus for exer-
. cising at least positioning control of a head of the
disk apparatus, control of reading/writing data from/to
a disk via the head, and transfer control of data
between the diek apparatus and an external device, said
control unit comprising:
a first microprocessor capable of mainly
exercising positioning control of the head and control
“for reading/writing data from/into the disk without
ﬁj?debehding.upon coﬁtrol éﬁeﬁeieed by a second micropro-
-:cessor dlfferent from the flrst microprocessor and in

‘ y
parallel thereto, so as to perform head positioning by

~



In order to inprove shock resistance in operation by using the sheek——
sensor, the driver control - 17 - mcroprocessor 2b perforns pol

nonitor of a shock accel eration signal supplied fromt hi‘mmﬁu“ L

When the driver control m croprocessor 2b has detected

signal equal to a predetermned 5 value or nore, it |nned|ately exerC|ses
wite inhibit control in order to prevén?4off track WW|t|ng from destroying
data. The off-track wwiting means witing data into an erroneous track due

to track posi C ration of

t he driver co%#%’ n1croproce :ﬁ?c f%er |ncre§§2Q%%ﬁ§EE tends to be
demanded beca‘éiﬁ'fgcé"cfﬁ"%heorﬁgks g #Hrfcﬁ%'lfe%ﬁ ?b%ﬂﬁﬂfﬂl ration
caused by increase in track density and because of higher speed of disk 15

rotation aim mgidg YoH ehigevid e iigRial! irdiediddd dn™® disk surface
dedicated exclusively to servo signal and a servo
signal recorded on a data recording disk face:

'a second microprocessor for exercising
transfer control of data between the disk apparatus and
an external device;

said first midroprocessor having an instruc-
tion execution speed_equal to or larger than that of
said second microprocessor:;

said first micrbprocessor having a first
memory for storing information relating to head posi-
tioning control and control for reading or writing data
from or into the disk:

said second microprocessor having a second
memory for storing at least information relating to
transfer control of data; and

said second memory having a capacity larger
than that of said first memory.

5. A control unit of a disk apparatus according
to Claim 4, wherein said first microprocessor comprises
a reduced instruction set computer (RISC), said second
microprocessor comprises a complex instruction set

computer (CISC), and both chips of said first micropro-

ﬁ'cessor and said second microprocessor are sealed in a

: single package.

6. H'smali s;zed magnetic disk apparatus of 2.5



until .the head arrlves at a desired sector after com pletion of seek
operatlon f or— _and aimng at increase in d
speed. As de- ﬂbrefore i ncrease in clock ﬁ?ﬁﬁshﬁE?@ASBEEN
attenpted for t l ‘m croprocessor 2b. On thejjot hernmamtsﬁ e
I nterface functi ro- processor 2a activated

clock is used for interface control t hat 49 gh speed is not required of. 25
The interface function control mcroproces- sor 2a is connected to the SCS
controller 12 gnd t rj O, | i r b .1nterface func-
tion control nmcroﬁ@%%gsg%ﬁ%gg.%%%%d?%gﬁﬁggégggﬁggﬁnéﬁ% JQE%ﬁQB é

sophi sti cat edar}]{a&rém 4SEGHLLP, Shisd &ScéRPts 0l url t RHGHELE 264 gesponse

with a highr device, contr of storage and readout of corresponding
data, and powetisayitOs@sstrdte diEpESad ein tHige CéRathgy Sdidncontesnal

unit exercising at least positioning control of a head

e A A=A u‘r.lvvu

of the disk apparétus, control of reading/writing data
from/to a disk via the head, and transfer control of
data between the disk apparatus and an external device,
said control unit comprising:

a first microprocessor capable of mainly
exercising positioning control of the head and control
for reading/writing data from/into the disk without
depending upon control exercised by a second micropro-
cessor different from the first microprocessor gnd in
parallel thereto, so0 as to perform head positioning by
using a servo signal recorded on a data recording
surface of the disk or perform head positioning by
using both a servo signal recorded on a disk surface
dedicated exclusively to servo signal and a servo
signal recorded on a data recording disk face;

a second microprocessor for exercising
. transfer control of data between the disk apparatus and
an external device;

said first microprocessor having an instruc-
tion execution speed equal to or larger than that of
said second micrOprOceSSOr and control for read-
1ng/writing data from/lnto the disk;

said flrst microprocessor hav1ng a first

memory for storing information relating to head posi-

HII\III |||||l III|| ||I|| lI III|



5 ROM.for storing processing programneeded by the inter--face function
control mcroprocessor 2a is approxinmate- |y eight tinmes the capacity of an

internal ROM for storing program needed by the driver corr mwm,mﬂﬂ'u)
cessor 2b. 10 Ti m ng of operation between two A ﬂ"ﬂs
2a and 2b is adjusted as described hereafter. The two nicropfrocessbrs 24

and 2b have interrupt flags respectively *®rtrolled by them.on registers,
and nutual |y exercise polling supervision over generation 15 of an
interrupt requeshni egoﬂggoggcroprocessor has received an interrupt.
request fromthe othér mcropro- cessor, independent operation is
tenporarily interrupt- ega3ed stcdinds mMitrdpFeideddorC HERBMIS ARGdHER are
mutu- ally sent and received. Thereby cooperation of opera- 20 tion is

i npl enent ed. FingmoZyslEewsstbeinyr det leasel iAfokhagaskagelatehgato

m croprocessor for a small-sized nmagnetic di sk apparatus according to an
enbodi nent of thanpfeseabntrnoknbfodataheandterface function control

m croproces- 25 sor 2a and the driver control mcroprocessor 2b are
said second memory having a capacity larger

than that of said first memory.




hernetically sealed in the same | C package 1. Fig, 4 shows the structure of

an | C package 1 of a mcroprocessor for a snmall-sized magnetic disk . -

- apparatus according to another enbodi nent of the pres- ent
the circuit of the inter-
control

structure,

2a and the circuit of the driver

formed within a single m croprocessor | c/cBi p 2.
wi-t-hi-n-the—-C. package-1.—F-g—5-shows—the-struct
ng mcroprocessors in a snall-sized magnetic 10 disk

hermetically seal ed
a hybrid I C containi

face function control

i nventi on.

I n
m cr opr ocessor:

19

m croprocessor 2b are integrally 5

The m croprocessor 2

S

- —

Of

appar at us accordmlqrto still &nother enbodi ment of the prese® invention
The interface fudgtfon contromicroprocessor bare ghip 26 agl the drive
control mcroprogessor bare chtp 27 are nounted on & single fybrid IC
substrate by rrea@)é of wire bofding or the = =
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15 | i ke. The bare chip is subjected to silicon resin potting seal 28.
Furthernore, the entire hybrid I C substrate is subjected to epoxi resin
nol d seal 29. The m croprocessor package including two nmicroprocessors 2a
and 2b, or 26 and 27 shown in Figs. 20 3, 4 and 5 is nmounted on a circuit
board of a small-sized magnetic di sk apparatus having a di sk dianmeter of
approximately 67 nmmor less, i.e., havﬁn@3$o-called 2.5 inch formfactor
size or less. According to these enbodi nents heretofore 25 described, two
m croprocessors havi ng differ#ﬁ jp i %cations dependi ng upon processi ng
contents are dis- posed withirnthe sare® package. As a result, two

m cr oprocessors can be nounted in a small space on a REPLACENMENT SHEET
- -22- WHAT IS CLAIMED I S: 1. A control unit of a disk apparatus for

exercising at INNER PERIPHERY ZONE |
- OUTER PERIPHERY ZONE
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| east positioning control of a head of the disk apparatus in a closed | oop
“manner, control of reading/witing data fromto a disk via the head, and
transfer control of data between the di sk apparatus and an external device,
said control unit conprising: a first mcroprocessor exercising positioning
control of the head and control for reading/witing data fronmlinto the disk
wi t hout dependi ng upon control exerci 843y a second m cr opr ocessor
di fferent from the first mcroprocessor and in parallel thereto, so
as to perform head positioning by using a servo signal recorded on a data
recordi ng surface of the disk orPe!fﬁh d- positioning by using both a
servo signal recorded on a disk #ac tat’ed exclusively to servo signal
and a servo signal recorded on a data recording disk surface; a second
m croprocessor for exercising transfer control of data between the disk
apparatus and an external device; the rakge of ¢ equency or
I nstruction execution speeds in which sai g=se '
oper abl e bei ng equivalentzéo or | ower+tian
.-’/




frequency or |nstruct|on executlon speeds in which said first

‘m croprocessor is 'operable.; said first mcroprocessor having a first
interior or exterior type nenory for storing infor- REPLACEMENT SHEET
-23- mation relating to head positioning control and control for reading or
witing data fromor into the disk; said second m croprocessor having a
second interior or exterior type nenory for storing at |east information
rel-ating to transfer control of data; and said second nenory having a
capacity larger than that of said first nmenory. 2. A control unit of a
di sk apparatus according to Claim1l, wherein said first mcroprocessor
conprises an analog- to-digital (A/D) converter for converting said servo.
signal read out as an analog signal fromthe disk to a digital signal

ABSTRACT OF THE DISCLOSURE

i

CONTROL UNIT OF DISK APPARATUS

Configuration for implementing a control unit (7) of a disk apparatus having functions of high-precision head
positioning control and data read/write control and sophisticated interface function with a small size and a low cost. A
driver control microprocessor (2b) for embedded digital servo processing has a memory (4b) of a relatively small

- capacite and is suited for high-speed processing and an A/D converter (5). An interface function control microprocessor
(2a) for'generalised control of an interface function device with respect to a high rank device has a memory (4a) of a
relatively large capacity and is suited for low-speed processing, The driver control microprocessor (2h) and the
mterface function coritrol microprocessor (2a) are mounted within a single IC package.

FIG.1 .

REPLACEMENT SHEET

09 0CT 1995




3.+ A control unit of a disk apparatus according to C a
sai ¢ figst mcroprocessor and said second m croprocessor
substantially one integrated circuit package. 4. A confir uni § BEB 4936 s

LAGHMENT SHEET

apparatus for exercising at |east positioning control of aﬁ eadof - thedi's

apparatus in a closed | oop manner, control of reading/witing data fromto
a disk via the head, and transfer control of data between the disk
apparatus and an external devi ce, said contgol unit conprising: a first
m croprocessor for exercising positioning c ntrol of the head and contr ol

for readi ng/ wrifdyl dgt iﬁPQiiE%O &be?_ 8 %létr%r?ﬁgg?jihggsupog gont raol

exerci sed by a second roproce sor

m cropr ocessor gim&a!mﬁgar@é |l cAPF S s S5 aFs  €oReEi PABLEEAd TROS tdnfH 110
by VWHAT IS CLAI MED | A control unit of a disk apparatus for

exer - sized disk apparatus such as a 2.5 inch size disk apparatus

having a disk diameter of 67 mm, however, the circuit board

5 space is approximately 70 mm x iOO mm. This results in a

problem that it is difficult to mount a plurality of
microprocessor packages.

A disk drive circuit having product type Z86C95 of

Zilog including a CPU and a slave digitai signal processor

10 (DSP) in one package is commercially available. However,

the digital signal processor is merely used to assist a

part of calculation for drive by the CPU>

SUMMARY OF THE INVENTION
An object of the present invention is to provide a

15 small-sized, low~cost control unit of a disk apparatus
including an apparatus control system having high-precision
head positioning and data read/write functions and an
interface function control system capable of coping with
diversified and sophisticated interface functions.

20 In order.to solve the above described problem, there
is provided in accordance with one aspect of the present
invention a contfol unit of a disk apparatus for exercising
at least positioning control of a head of the disk

apparatus in a closed loop manner, con-



cising at |least positioning control of a head of the disk apparatus

contrel of reading/witing data fromlto a disk via the hea EER&AFFyﬁ@fﬁﬁHEET
control of data between the disk apparatus and an external |fevice, 9s&EB 1996
control unit conprising: a first mcroprocessor capable of 1 A

exerci sing positioning control of the head_and control for readi ng/ Wi t1ng
data fromlinto the di sk without dependi ng upon control exercised by a

second ni cropr @rodesgotediihgyapitihgnabbs £romyiAter APALSRSSOL Wl Hha,
parall el thereto, so as to perform head positioning by using a servo signal
recorded on a datatraasfedirngoftrbdbicer ddatécbaltwkenwrtiperdigkndgagratus and
positioning by using both a servo signal recorded on a disk face dedicated
excl usi vel y toaserextarngmh| devdce,seth sogtaiolr eani tled nanl welicey aar efiarstt ng
di sk surface; a second m croprocessor for exercising transfer control of
dat a between tRéCEPPROSESSLA EPTanexercbaing nFosddiiondng eemtpeobf of ddle

frequency or instruction execution speed_in which said second
nicroproces§orh?§d and control for reading/writing data from/into the

disk, so as to perform head positioning by using a servo

signal recorded on a data recording surface of the disk or

perform head positioning by using both a servo signal

recorded on a disk surface dedicated exclusively to servo

10 signal and a servo signal recorded on a data recording disk

surface, a second microprocessor for exercising transfer

control of data between the disk apparatus and an external

device, a range of clock frequency or instruction execution

speed in which the second microprocessor is operable is

15 equivalent to or lower than a range of clock frequency or

instruction execution speed in which the first

microprocessor is operable, the first microprocessor having

a first memory for storing information relating to head

positioning control and control of reading/writing date

20 from/into a disk via the head, the second microprocessor

having a second memory for storing at least information

relating to transfer control of.data, the second memory
having a capacity larger than that of.the first memory.

Preferably, the first microprocessor and the second

25 microprocessor being sealed into a single integrated

circuit package.



operable is equivalent to or Iower than a range of cloc ﬁéﬁg&ﬁ@@wﬂgHEET
instruction execution speed in which said first mcropripcesser bl
said first m.croprocessor having a first interior or ex Qiﬁ& ByEE E@Qﬁn
for storing infor- REPLACEMENT SHEET - 25- inch form
including a casing, a head disk assenbly, ?nd a control unit nounted on a
circuit substrate disposed in the casing, <&d control unit exercising at

| east posi tioning cqprgLogla@,Rgad, pln the fislee 200 dlisctl N Eng! oesthe

| oop manner, contr read rng/witing data fronfto i Sk via the
head, and tranﬁl s l.gg%,pegd@ .Iﬁy;ﬂ%ﬁ appekabys and an
ext er nal devi ce, sa| control unit conprising: i rst mcroprocessor
exercising positioning control of the head and control for
reading/witing data frominto the disk w thout depending




upon control exercised by a second microprocessor differg £
m croprocessor and in parallel thereto, so as to perfornjhea :pgfltlo

by using a servo signal recorded on a data recording sur qﬁaeof EB 99k
perform head positioning by using both a servo signal re@orLde

de‘%!EMé}s?r SLEST

ni ng
or

surface dedi cated exclusively to servo signab and a servo signal recorded

on a data recording disk face; a second mcr

processor for exercising

transfer control.gf, date. bﬁ&wsanw&%@ftwagm gigngf BELG" e dae%/ioslg;r

said first m croprocessor

avi ng an I'nstructi on executt on speed equal

larger than thataff1ci d1§REONE/HE T PREOGESHON todlfl asghhd! sifhal. The
reading/ witing data frominto the disk; said first mcroprocessor having
a first menory fe¥cdid mitgrdpictdmidotided aidtthdwe @ da poStonverdsiclg a
servo signal recorded on a data recording surface of the disk or perform
. head positioning by As described above, positioning control of a head and

5

10

15

20

25

control of reading/writing data, and input/output control
of data between the disk apparatus and an external device
are exercised in parallel by different microprocessors. In
implementing equivalent processing capability with respect
to the interface function, ' therefore, necessity of
increasing the clock or instruction execution speed 1is
lowered and Security of processing capability in view of
circuit technique is facilitated as compared with
implementation with a single microprocessor. Furthermore,
the cost is also lowered.

Futhermore, the first microprocessor having a memory
of a relatively small capacity and suited for high-speed
processing is suitable for driver control including.high-
precision head positioning control and data read/write
control of an embedded digital servo scheme. The second
microprocessor having a memory of a relatively large
capacity and suited for relatively lower speed processing:
is suitable for control of interface function which needs
more and more memory capacity in keeping with function
expansion of interface specifications. Furthermore, since
the first microprocessor does not depend upon difference

between




usi ng both a servo signal recorded on a disk surface def éﬁﬁ;%&
to servo signal and a servo signal recorded on a data r i

a second m croprocessor for exercising transfer control q%%dqi
di sk apparatus and an external device; said first mcrof
instruc- tion execution speed equal to or larger than t hat of sai d second

m cr oprocessor; said first nlcroprocessor hé@fng a first nmenory for storing

i nf ti | at to.h t d t f di
or w1 i ng dat cETT OHPBR CLRLATEn SR DA T BLEbnATHEASR AR SBFnRR, AESS

sk ?ace

second nenory f S n o] relating to transfer control
of data; and sé@5tsé§%%dg férégaﬁévbg é%gthy | arger than that of said
first memory. 5. On t‘heCO&EﬁQJ: Haink, 0fa§ Uil ARRAT RL LA e N9sk@vo

Claim4, wherein said first mcroprocessor conprises a reduced Instruction
set conputer (RSMput&BiénSEesEessing in which the procedure can be

5 represented in brevity by using matrix computation
representatibn, the interface function control
microprocessor 2a mainly exercising input/output control of
commands and data accordinglto interface standards must
store a processing program including many kinds of

10 combinations of condition decision and processing.
Furthermore, as seen in amendment of standards from SCSI-1
to SCSI-2, there are a large number of function expansions
including addition of commands to be supported such as a
queueing command. Furthermore, it is also necessary to

15 make possiblé changeover to substantially standardized
special specifications such as SCSI specification of
special company type responsive to a customer's request
even under the éame standards.

The driver control microprocessor 2b incorporates an

20 A/D converter for converting a servo position signal and a
singla supplied from the shock sensor 30, i.e., analog
signals to digital signals. On the other hand, the
interface function control microprocessor 2a exercises
interface control with respéct to external devices. Only

25 the digital system is a subject of direct control.
Therefore, the interface function control microprocessor 2a
does not incorporate an A/D converter. It will be apparent
that the above described control circuit provides closed

loop head positioning control.

O



m cr opr ocessor conprlses a coin‘X InStFUCTIOH set conp( ﬁﬁf&é@
N ocessor

bot h..chips of said first ‘and sai d secor
are sealed in-a si ngl e, puumma ”mnﬂm A small-sizeod %net & FétBs®
€

apparatus of 2.5 hch

----------------------------

rnsfaetor size or | essi

casing, a head disk assenbly, and a control ypgit nounted on a circuit
substrate di sposed in the casing, said contr unit exercising at |east

posi tioning cont ﬁATOFSanﬁﬁiﬂEBf iEhe di sk apparatus, control of

readi ng/witing ata

disk via the head, and transfer control of

data between theldi skPappatraphs urdd of &1 sta| apRaFatus sEPH esarcdsing At

conpri si ng:

a first mcroprocessor capable of nainl exerC|S|ng posi tioning

control of the h%%ﬁsﬁnﬂoééﬁPPBanoF°P§§8§n@@m§th Rf athe ofi Flkt BPPREAFMSK

wi t hout dependi ng, ugon, cont

Xerci n r
(Hoéiehgnggg bgo%t%% Oo r@é%é&hg/writing data

1oseé
from/to a disk wvia the head, and transfer control of data
between the disk apparatus and an external device, said
control unit comprising:

a first microprocessor exercising positioning control
of the head and control for reading/writing data from/into
the disk without depending upon control exercised by a
second microprocessor different from the first
microprocessor and in parallel thereto, so as to perform
head positioning by using a servo signal recorded on a data
recofding surface of the disk or perform head positioning
by using both a servo signal recorded on a disk face
dedicated exclusively to servo signal and a servo signal
recorded on a data recording disk surface;

a second microprocessor for exercising transfer
control of data between the.disk apparatus and an external
device;

the range of clock frequency or instruction execution
speeds in which said second microprocessor is operable
being equivalent to or lower than the range of clock
frequency or instrucfion execution speeds in which said
first microprocessor is 6perable.;

' said first microprocessor having a first interior or

.exterior type memory for storing infor-



cessor different—fromthe—++rst.mcroprocessor and in p

as to perform hea I t1oning.by using a servo signal '
recordi ng sur.face mﬂm ’ﬂ"ﬂ ”m_eerform head positi oni by us§ eEB 3896 a
servo signal reco N Bir f ace dedicated echLLi@¥ﬁy*t0"serv0 ------

signal and a servo signal recorded on a data recording drsKk face, a second
m cr oprocessor for exercising transfer. cont™®3~ of data between the disk
apparatus and an externaé device; said first, m croprocessor Q?vin an
instruc- tion e®@&dOFoRe B@gﬁgeﬁﬂa?e? ResHEFgRng PRt Yd SatFl SivF
m croprocessor aedaddimgt oal wirdrtingadiatianginam tdmgimtad atHe adliskat o t he di sk;
said first mcroprocessor having a first nenory for storing information
relating to head posisaid segondt rbarapreoassor; having a second interior or

exterior type memory for storing at least information
relating to transfer'control of data; and

said second memory having a capacity larger than that
of said first memory.

2. A control unit of a disk apparatus according to Claim
1, wherein said first microprocessor comprises an analog-
to-digital (A/D) converter for converting said servo signal
read out as an analog signal from the disk to a digital
signal.

3. A control unit of a disk apparatus according to Claim
1 or 2, whereing said first microprocessor and said second
microprocessor are sealed into sﬁbstantially one integrated
circuit package.

4. A control unit of a disk apparatus for exercising at
least positioning control of a head of the disk apparatus
in a closed loop manner, control of reading/writing data
from/to a disk via the head, and transfer control of data
between the disk apparatus and an external device, said
control unit comprising:

a first microprocessor for exercising positioning
control of the head and control for reading/writing data
from/into the disk without depending upon control exercised
by a second microprocessor different from the first
microprocessor and in parallel thereto, so as to perform

head positioning by

@)
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'said second M croprocessor—havi-ng.a second”hennry for stori

i nformation rel aty fer control of data; and said
havi ng a capa0|t ,'ﬂgﬂ""ﬁgﬁ of said first nenory.

%ﬁéﬂﬁ@%ﬁ? HEET
9 FEB 1996

~25-
inch férm factof size.of less including a casing, a head
disk assembly, .and a_ control unit mounted on a circuit
substrate disposed in the casing, said control unit
exerciéing at least positioning control of a head of the
disk apparatus in a closed loop manner, control of
reading/writing data from/to a disk via the head, and
transfe; control of data between the disk apparatus and an
external device, said control unit comprising:
a first microprocessor exercising
positioning control of the head and control for

reading/writing data from/into the disk without depending

‘upon control exercised by a second microprocessor different

from the-first microprocessor and in parallel thereto, so
as to perform head positioning by using a servo signal
recorded on a data recording surface of the disk or perform
head positioning by using both a servo signal recorded on
a disk surface dedicated exciusively to servo signal and a
servo signal recorded on a data recording disk face:

a second microprocessor for exercising transfer
control of data between the disk apparatus and an external
device;

| said first microprocessor having an instruction
execution speed equallto or larger than that of said second
microprocessor and controi for reading/writing datal

from/into fhe disk;u,zi o
said first microprocessor having a first memory for

storing. information relating to head posi-



