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There are rel ated publications of USP Nos. 5,337,198 and 5,307,213 filed by
Ni shi yama and ot hers on Aug. 9 and Apr. 23, 1994, respectively, and of
docunment. "A Case for Redundant Arrays of |nexpensive Disks 15 (RAID)"
witten by D. A Patterson et al., in 1983 ACM SI GMOD Conf erence, Chi cago,
L., June 1988, pp. 109-116. The conventional magnetic disk systemreceives
the information to be recorded fromthe host via a parallel data interface
(hereinafter, referred to as I/F 20 circuit). The received information is
converted into serial data by a parallel-serial converter that uses a
record cl ock generated froma record clock generator.
BACKGROUND OF THE INVENTION
The present invention generally relates to a
data recording and reproducing system for recording
digital information on a magnetic or optical recording
5 medium by inversion of magnetization or change of
magnetization direction or by change of optical phase
and reproducing the recorded magnetized information or
optical information from the medium. Particularly, this
invention relates to a data recording and reproducing
10 system that requires fast transfer of data.
There are related publications of USP Nos.
5,337,198 and 5,307,213 filed by Nishiyama and others on
Aug. 9 and Apr. 23, 1994, respectively, and of document
"A Case for Redundant Arrays of Inexpensive Disks
15 (RAID)" written by D. A. Patterson et al., in 1988 ACM
SIGMOD Conference, Chicago, IL., June 1988, pp. 109-116.
The conventional magnetic disk system receives
the information to be recorded from the host via a
parallel data interface (hereinafter, referred to as I/F
20 circuit). The received information is converted into
serial data by a parallel-serial converter that uses a
record clock generated from a record clock generator.
The serial data is transmitted through an FPC as the

record clock to a recording amplifier of an actuator

25 within a disk enclosure, and then it is magnetically
I
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" The serial data is transmtted through an FPC as the record clock to a
recording anplifier of an actuator 25 wthin a disk enclosure and then it
is magnetically BACKGROUND OF THE | NVENTI ON The present invention
generally relates to a data recordi ng and-r@produci ng system for recording
digital information on a nagnetic or optical recording 5 nedi um by
i nversi on of nageebirdetli on arrebamgangfmmdgmmtﬁﬁaﬁl@@QMQtaﬂadonnMenﬁﬁon
change of optical phase
pattern by a record head.
At the time of reproduction, the waveform of a
signal reproguced from a reproduce head is amplified and
5 supplied in gn analog form to a discriminator through a
flexible pattern w1r1ng or circuit (called FPC). This
signal is converted into parallel data by a serlal—
parallel converter, decoded by an encoder/decoder, and
then fed to the host.

10 By the way, the clock frequency for data
transfer has been increased together with the
development of fast transfer of large data. The
conventional magnetic disk recorder converts input
parallel data into serial data before transfer because

15 of a limit to the magnetic recording system. Therefore,
the serial data transmission path requires a higher
transmission frequency band. If the data transfer rate
is, for example, 10 MB/s, a 10-MHz clock is enough for
an 8-bit parallel interface, but an 80-MHz clock eight

20 times higher than that must be used for the serial data
transfer.

| However, by examining the data transfer
" circuits within the system, it will be found that the
signal transmission distance can be decreased by high-

25 density integraﬁion and packaging of components on the
electronic circuit board because of the down sizing

tendency. This increases the tendency toward a wide

frequency band. However, there is no change in the



and reproduci ng the recorded magnetized information or optical information
fromthe medium Particularly, this invention relates to a data recording
and reproducing 10 systemthat requires fast transfer of data. There are
rel ated publications of USP Nos. 5,337,198 a@nd 5, 307,213 filed by N shiyanma
and others on Aug. 9 and Apr. 23, 1994, respectively, and of docunent "A
Case for Redunddasténceyfrofm thexpéesitwenbcskdrtiitRRoBYd wsi &t en by D. A
Patterson et al., in 1988 ACM SI GMOD Conf erence, Chicago, IL., June 1988,
pp. 109-116. Threeerndiéngi andl repgrdureddpignay)s PERCEESOXy ¥d-at fhe KPS bt i on

to be recorded fromthe host via a ) . . )
the recording and reproducing amplifiers within the disk

enclosure. Fig. 1 shows a conventional example having
5 this drawback.

From the standpoint of transmission frequency
band, the transmission of a sequence of pulses is the
most severe when the pulse interval is the narrowest.
In the magnetic recording and reproducing system, this

10 state will appear when record timing correction is made
on the record clock in order to correct for the peak
shift in a two-bit pattern. In this case, the record
timing correction can include the following two types
depending on the peak shift:

15 (A) When the peak-to-peak distance is

| increased because of an interference occurring between
the reproduced waveforms of a certain bit and the
neighboring bit, the record timing correction is made to
narrow the distance between bits.

20 (B) When the peak-to-peak distance is
decreased because of a bit distance shift occurring at
the time of recording a magnetization sandwitched
between two magnetizations opposite thereto, or because
of nonlinear bit shift, the record timing correction is

25 made to increase the bit distance.
| Of the two types of record timing correction,
the type (A) for reducing the bit distance affects the

most on the transmission path. The problems in the



parall el data interface (hereinafter, referred to as I/F 20 circuit). The
received information is converted into serial data by a parallel-seria
converter that uses a record clock generated froma record cl ock generator.
The serial data is transmtted through an-FRC-as the record clock to a
recording anplifier of an actuator 25 within a disk enclosure, and then it
i s magneti cal | yt¥ansmissdonHwd 18e bRe dlescad bed .- 2-

The relationship between the maximum value of
the pulse width of the record clock and the amount of
record timing correction can be expressed by the

5  following equation:

100~ (W, +W,,)

PULSE WIDTH (P,) .

A

(1)

PULSE WIDTH (P,) > ket, and > ket;
L 2

where t. and t; are the rise time and fall time of pulse,
and W. is the amount of record timing correction.
When a narrow pulse signal waveform like the

record clock for data being recorded as shown in Fig. 1

10 is trensmitted, the rise time and fall time of pulse are
increased due to the insufficient frequency band of the
transmission path. Under a lower-speed transfer
condition A in Fig. 2, since the signal waveform has a
relatively low frequency, the pulse width can be kept

15 more than the rise time and fall time of pulse. Under a:
high-speed transfer condition B in Fig. 3, since the
record clock of pulse is increased, the rise time and
fall time of pulse are relatively longer than the pulse
width. As a result, the record clock is lost on the

20 transmission path or causes pulse-separation error.
Therefore, in order to make fast data transfer, it is
necessary to limit the amount of record clock correction

or improve the characteristics of the transmission path.



recorded on a recording nediumas a magneti zed inversion pattern by a
record head. At the tinme of reproduction, the waveform of a signal
reproduced froma reproduce head is anplified and 5 supplied in an anal og
formto a discrimnator through a flexible Battern wiring or circuit
(called FPC). This signal is converted into parallel data by a serial-
paral l el converter, decoddd kgsamridbedoaboiigcdder fagid daten thedsfen her
host. 10 By the way, the clock frequency for data transfer has
been i ncreased hightficequencyt itd ogky srapspvissdons eicomesn sidfigulitar ge
data. The
Thus, the data transfer rate is required to be
high without broadening the transmission frequency band.
5 A multi-drive system is proposed by D. A.
Patterson et al., as described in "A Case for Redundant
Arrays of Inexpensive Disks (RAID)", ACM, 1988 (pp.
109-116). This system has drives the number of which
corresponds to the number of bits. In this proposed
10 example, since serial data is not applied to the whole
system, the transmission frequency is not so high, but
serial data is transferred for each drive. Thus, at
least one head will suffice for each drive, but the
number of drives to be provided is necessary to
15 correspond to at least that of the parallel bits. 1In
addition, these drives must rotate in synchronism with
each other. Acéordingly, this multi-drive system is not

suitable for small-sized recording and reproducing

systems in which only a single drive must be provided.

20 SUMMARY OF THE INVENTION
It is an object of the invention to provide a
data recording and reproducing method and system capable
of the fast data transfer that has not been achieved so
far because of a low transmission frequency band on the
25 transmission path between the recording and reproducing
processor and the disk enclosure.

It is another object of the invention to



conventi onal magnetic disk recorder converts input parallel data into
serial data before transfer because 15 of a limt to the magnetic recording
systeni Therefore, the serial data transm ssion path requires a higher
transm ssion frequency band. If the data tr@nsfer rate is, for exanple, 10
MB/s, a 10-Miz clock is enough for an 8-bit parallel interface, but an
80- MHz cl ock ei BROV2det Antransghssiohanethatd anslt apparseasf whiiche axver i al
data transfer. However, by exam ning the data transfer circuits within the
system it willupedfwifhinhat depe regexdingansdi reprodiicingneystam aad
decreased by higﬂich are capable of using a small number of circuits
within the disk enclosure and suppressing temperature
5 rise.
According to the present inﬁention, there is
provided a data recording system for recording data on a
recording medium, including a signal processor having an
input circuit to which data is supplied, transmission
10 lines connected to the signal processor to transmit
parallel data, a convertef connected to the transmission
lines to convert the parallel data into serial data, and
a disk enclosure having data recording and reproducing
heads connected to the converter and a recording medium.
15 The transmission lines are a plurality of parallel lines
that are impedance-matched at the connections with the
converter and the input circuit. The signal processor
can have a parallel transmission processing circuit that
generates the record clock indicating a plurality of
20 logical values of data in series and that supplies to
the parallel lines a plurality of inverting signals each
indicating one of the plurality of logical values. A
plurality of signals of different phases depending on
the difference and equality between the valués of two
25 adjacent pieces of data are supplied to the plurality of
transmission lines. The signal processor may have a

timing. correction circuit for changing the time interval

between certain signal changes within the record clock.



25 density integfation and packagi ng of conponents on the electronic
circuit board because of the down sizing tendency. This increases the
tendency toward a wi de frequency band. However, there is no change in the
-3- distance fromthe electronic circuit bhoard as a recording and
reproduced signal processor via the FPC to the recordi ng and reproduci ng
anplifiers w ththet bémdi shtesvhdsbeewebngsighaihehangesooweat pdmalaldtanpl e
having of signals of different phases that are supplied to the

plurality of transmission linés is at least twice the

time interval between two adjacent pieces of data.

5 That is, in this invention, although the data
transmission path is of parallel lines, for the
necessity of using at least one head for recording and
reproduction the record clock is generated from the
clock for parallel transmission, and parallel data is

10 converted into serial data just before recording, and
recorded as serial data.

Moreover, in order to make high-density
recording, the so-called bit shift must be reduced by
record timing correction. Since a wide frequency band

15 1is necessary for serial data, the record timing
correction is made for parallel data. The record timing
correction for parallel data has not been considered so
far.

According to the present invention, since

20 parallel data is transmitted along all the transmission
path and corrected for record timing, the transmission
frequency band is not necessary to extremely increase.
Therefore, the transfer rate of parallel data can be

increased up to the limit of the transmission frequency

25 band.

BRIEF DESCRiPTION OF THE DRAWINGS

Fig. 1 is a waveform diagram showing the width



5 this drawback. Fromthe standpoint of transm ssion frequency band, the
transm ssion of a sequence of pulses is the nbst severe when the pul se
interval is the narrowest. In the magnetic recordi ng and reproduci ng
system this 10 state will appear when recor8 +imng correction is nade on
the record clock in order to correct for the peak shift in a two-bit
pattern. |In thi Pkarcoxdectining ceorreerieny recti on can include the
followi ng two types depending on the peak shift: 15 (A Wen
t he peak-to-peak distance Fig§ nct and B hewsthefrelatiors famengethbecurri ng

bet ween
transmission frequency band, the rise time and the fall

time;
5 "Fig. 4 is a block diagram of an embodiment of
the invention;
Fig. 5 is a truth table for record timing
correction;
Fig. 6 is a timing chart to which reference is
10 made in explaining the operation of a record timing
correction circuit;
Fig. 7 is a logic diagram for ENL retrieval;
Fig. 8 is a block diagram for one byte of ENL
retrieval logic;
15 Fig. 9 is a block diagram of an ENL register;
Fig. 10 is a block diagram of a register
portion of the record timing correction circuit;
Fig. 11 is a block diagram for the clock
control of the record timing correction circuit;
20 Fig. 12 is a block diagram of another
embodiment of the invention:;
Fig. 13 is a block diagram of still another
embodiment of the invention;
Fig. 14 is an external view of a disk
25 enclosure in the embodiments of the invention;
~Fig. 15 shows a track format on a recording
medium;

Fig. 16 is a block diagram of further



t he reproduced waveforns of a certain bit and the neighboring bit, the
record timng correction is nade to narrow the di stance between bits. 20
(B) Wen the peak-to-peak distance is decreased because of a bit distance
shift occurring at the tine of recording a gagnetizati on sandw tched
bet ween two magneti zati ons opposite thereto, or because of nonlinear bit
shift, the recoenbbdimegtcofr ehki Anveatibniade to i ncrease the bit
distance. O the two types of record timng correction, the type (A for
reduci ng the bit distanceFagfedfsishe bdetkoditgeatr adisstidilofupdhler The
problens in the '
embodiment of the invention;

Fig. 18 is a block diagram of the embodiment

5 of Fig. 17 with the record timing correction circuit
added;

Fig. 19 is a block diagram for parallel
transmission processing;

Fig. 20 is a timing chart of a record clock

10 distributing circuit;

Figs. 21A-21C show waveforms to which
reference is made in explaining the idea of transmission
frequency band relative to the amount of record timing
correction, rise time and fall time;

15 Fig. 22 shows an example of transmission
system on a four-line transmission path;

Fig. 23 shows an example of transmission
system on a two-line transmission path;

Fig. 24 shows an example of transmission

20 system on a five-line transmission path; and

Fig. 25 is a block diagram of another

embodiment of the invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
The magnetic or optical recording and
25 reproducing system sends.to and receives from the host,
101 parallel data. However, the magnetic heads (record

head 114 and reproduce head 115) or optical heads (a



-4- transm ssion wll be described. The relationship between the maxi num
val ue of the pulse wdth of the record clock and the anmount of record
timng correction can be expressed by the 5 foll ow ng equation: PULSE W DTH
[err] [err] PULSE WDTH ([err]) [err] k.tfet®]-and [err] k.t[err]

light emitting device and photosensitive device) only
record and reproduce serial data. Thus, parallel data
is transmitted just until information is recorded, and
each kind of signal processing is made on parallel data.

5 The present invention relates particularly to a signal
transmission system for fast transmission of parallel
data. In addition, according to the iﬁvention, a system
has been devised by which each kind of signal processing
can be made on parallel data.

10 The first embodiment of the invention will be
described with reference to Fig. 4.

Referring to Fig. 4, the recording and
reproducing channel of a magnetic disk system 100 of
this embodiment is formed of a parallel interface 102,

15 an encoder/decoder.103, a parallel-serial converter 104,
a record clock generator 105, a recording amplifier 109,
a record head 114, a recording medium 112, a reproduce
head 115, a reproducing amplifier 116, a discriminating
circuit 118 and a serial-parallel converter-119. The

20 magnetic disk system 100 also has a recording and
reproduced signal processor 124, a disk enclosure 108
and a transmission cable 117 of, for example, a flexible
pattern cable (FPC) that connects the processor and.the
enclosure. The magnetic disk system 100 is a magnetic

25 reéording and reproducing system in which the recording
signal is transferred in parallel between the
encoder/decoder 103 and the recording amplifier 109, and

in which the reproduced signal is transferred in



where tr and tf are the rise time and fall time of pul se, and [err] is the
anmount of record timng correction. When a narrow pul se signal waveform
| i ke the record clock for data being recorded as shown in Fig. 1 10 is
transmtted, the rise tinme and fall time of1puLse are increased due to the
I nsufficient frequency band of the transm ssion path. Under a | ower-speed
transfer condit patralAliel Begwe2n shecenidoees/glemdodeny df0® mnthhe rel ati vel y
| ow frequency, the pulse width can be kept 15 nore than the rise tine and
fall time of pubdéscriminetiaghicgirosyided t8.ansfer condition Bin Fig. 3,
since the record clock of pulse is increased, the rise tine and
In this embodiment, the parallel data from the
encoder/decoder 103 is transmitted through the FPC 117
-5 to the recording amplifier 109. The transmission
frequency of the FPC 117 is lower than in the conven-
tional serial data transfer system.
Moreover, since the recording and reproducing
operations are exclusive modes to each other, the
10 transmission cable for transfer of parallel data can be
used to be common to'the recording and reproduction
operations. Therefore, parallel signal transceivers 201
are provided before and after the transmission cable,
respectively, so that, at the time of recording, data
15 can be transmitted from the encoder/decoder 103 to the
recording amplifier 109 and, at the time of reproducing,
data can be transmitted from the discriminating circuit
118 to the encoder/decoder 103. The transmission cable
117 may use wires (for example, FPC) that have made
20 impedance matching at the ends to both transceivers,
thereby prevénting the transmitted signal from being
reflected from the transceivers.
The reproduced signal includes a servo signal.
The servo signal is required to bypass the discriminat-
25 ing circuit 118 because it is converted in quite a
different manner from the data code conversion. For

this purpose, a servo demodulator 120 is separately

provided to receive only the servo signal. Since the



fall time of pulse are relatively longer than the pulse wwdth. As a result,
the record clock is lost on the 20 transmi ssion path or causes

pul se-separation error. Therefore, in order to nake fast data transfer, it
IS necessary to limt the amount of record r32ock correction or inprove the
characteristics of the transm ssion path. -5- As described above, the
fast data transteansmisbigh- tabdeetsyuskdciforr pazaildeilotraasdess ofi fficul t.

digital signal, the servo signal is converted into a
digital signal by an analog-to-digital converter 202
(hereinafter, abbreviated ADC), and then supplied to the

5 parallel signal transceiver 201. The parallel signal
transceivers 201 are controlled in their recording/
reproduction/servd control modes by control signals from
a controiler 123, so that switching_control can be made
on the transmission directions and input/output

10 relationmns.

Another embodiment will be described in which
a record timing correction circuit 203 is provided to
correct parallel data, thereby making it possible to
transmit parallel data through the transmission lines of

15 which the maximum data transfer frequency is lower.

The second embodiment concerning the record
timing correction circuit system that can be used for
the parallel data will be described with reference to
Figs. 5, 6, 7, 8, 9, 10, 11, 18.

20 The record timing correction circuit 203
correcﬁs the record timing of the central bit (Y) when
the data bits are "011" or "110" as indicated in Fig. 5.
The record timing correction circuit 203_detects the
above pattern from the parallel pattern data and

25 controls the corresponding bit to make the record timing
fast or late. The retrieval and control methods for the
above pattern will be described below.

In Fig. 5, no timing shift N, lagging



Thus, the data transfer rate is required to be high w thout broadening the
transm ssion frequency band. 5 A multi-drive systemis proposed
by D. A Patterson et al., as described in "A Case for Redundant Arrays of
| nexpensive Disks (RAID)", ACM 1988 (pp.-109-116). This system has drives
t he nunber of which corresponds to the nunber of bits. In this proposed 10
exanpl e, since sernractdam Ii ambtlemslilngeddmradisarh@ eagy hemxprassed
transm ssion frequency is not so high, but serial data is transferred for
each drive. Thudy &hd degicmsguedd®nd |(2 suf3 a@ndr(Lacreppectivriyihe
nunber of drives to be provided is necessary to

E = Y AND (X EXOR Y) AND (X EXOR Z) (2)
N = Y AND (X ENOR Z) (3)
5 L = Y AND (X ENOR Y) AND (X EXOR Z) (4)

where Y is the bit at which timing shift is made, X is
one bit before and Z is one bit after. Also, ENOR is
exclusive NOR, and EXOR is exclusive OR.

The E, N and L are determined by the above

10 logic equations and the parallel pattern data. Fig. 6
is a timing chart for the E, N and L.

First, a WG signall401 is turned "H" for
recording of information as illustrated. When the WG
signal is "H", a reset signal 402 is generated for

15 initializing the recording circuits. The reset signal
402 clears each register of the circuits.

Then, a clock 403 for transmission of parallel
data and parallel transfer data 404 synchronized with
the leading edges of the clock are transmitted from the

20 encoder/decoder 103. Since the record timing correction
is determined by the combination of the preceding bit
and the following bit, the last bit of the first
parallel data #0 and the first bit of the next parallel
data #1 are to have a relation with the correction. For

25 this purpose, it is necessary to hold at least two-clock
part of the transferred data. Thus, two registers (A,
B) 406, 407 are used and alternately operated to store

the transmitted parallel data 404 at the trailing edges



15 correspond to at least that of the parallel bits. [In addition, these
drives must rotate in synchronismw th each other. Accordingly, this
mul ti-drive systemis not suitable for small-sized recording and
reproduci ng systens in which only a single fgive nust be provided. 20
SUMVARY OF THE INVENTION It is an object of the invention to provide a data
recordi ng and r efir theciclgcke#lddd and system capabl e of the fast data
transfer that has not been achieved so far because of a | ow transm ssion
frequency band on the 25 Thensnithe patgern Korweecsoride tisdmadionyraation
reproduci ng processor and the disk encl osure.
is detected from the parallel data. 1In order to search
for the pattern over two pieces of parallel data, it is
5 necessary to simultaneously search the contents of the
two registers. The pattern retrieval is performed at
the leading edge of pulse, one clock after the data
transfer clock 403. The preferential register at that
time depends on the state of an Reg. Sel DLY signal 408.
10 If a pattern corresponding to E, N, L is found as a
result of pattern retrieval, it is registered in an ENL
register 409 for A-Reg. or an ENL register 410 for
B-Reg.
Finally, the record timing correction is made
15 by a record clock generated from the data transfer clock
403, and at the same time the parallel data is converted
into serial data. The register for the parallel-to-
serial conversion is represented by the inverse state of
the Reg. Sel DLY signal (Serial Reg. Sel signal 411).
20 Fig. 7 shows a logic circuit 301 for detecting
an ENL state from the three-bit patterns. This logic
circuit handles the equations (2), (3) and (4).
Fig. 8 is a circuit arrangement 302 having the
ENL retrieval logic circuits 301 provided in order to
25 handle 8-bit parallel data. The parallel data are
represented by bits b0 to b7. For the ENL of bits b0
and b7, those bits including a bit bx one bit before b0

and a bit bz one bit after b7 are searched at the same



It is another object of the invention to -6- provide a transm ssion

nmet hod and apparatus which are used within a data recordi ng and reproduci ng
system and whi ch are capable of using a small nunber of circuits within the
di sk encl osure and suppressing tenperature fsrise. According to the present
I nvention, there is provided a data recording systemfor recording data on

a

10

15

20

25

time. 1In order to make retrieval under the logic state,
data of three bytes is necessary. Thus, a searching
method using data of two bytes has been devised. This
method will hereinafter be described.

Two-clock part of the parallel data, or the
first and second bytes are stored. Then, the ENL
retrieval is performed for the bit b7 of the first byte
and the bits bO.to b6 of the second byte. At this time,
since the range of retrieval is the patterns including
the preceding bit and the.following bit, the bits
necessary for retrieval are b6 and b7 of the first byte
and all bits of the second byte.

The states of E, N, L corresponding to the bit
b7 of the first byte and the bits b0 to b6 of the second
byte as a result of ENL retrieval are stored in
registers 304, 305, 306 as shown in Fig. 9. A Count
signal of a record clock generated froﬁ the déta
transfer clock selects one input terminal of each
register 304, 305, 306 for ENL. The selected input is
produced at an output Eout. Since the Count signal is
generated from the record clock, it is a clock for bits
and is used to make parallel-to-serial conversion.

Figs. 10 and 11 show portions of the record
timing correction circuit 203 having the circuits of
Figs. 8 and 9 provided as main elements. The cifcuit
arrangement of Fig. 10 includes main circuits 302, 303
and registers 307, 308. The circuit arrangement of Fig.

11 includes a clock control block 309 for setting each



recordi ng medi um including a signal processor having an input circuit to
whi ch data is supplied, transm ssion 10 |ines connected to the signal
processor to transnmit parallel data, a converter connected to the

transm ssion lines to convert the parallel data into serial data, and a

di sk encl osure having data recordi ng and reproduci ng heads connected to the
converter and a mesricrtgimg aretliaingonsinathieonalnkeg ssillodk n3k0 afer athe
plurality of parallel Iines that are inpedance-matched at the connections
wi th the convertl@gigh@fiter ipanallek-iotseminl stoperpiortesstheratheNe a

parall el transm ssion processing circuit thatzgeneratgs the record clock
i ndi cating a m|ﬁﬁgqq%/le is turned "H", the reset signal 402 is

generated. The reset signal 402 initiaiizes the

5 registers 303, 307 and 308.

The operation of those circuits will be
described below.
Whén the leading edge of the clock (CLK)

signal is_fed to the clock control block 309, a

10 flip-flop 311 produces an inverted output, or Q output
of "H". When the inverted signal is "H" as a result of
passing thé clock (CLK) through an inverter, an AND
circuit 312 produces "H" at ouﬁput CLKAl. When the
inverted signal of the clock (CLK) is changed to "H", a

15 flip-flop 313 makes its D-input sﬁate, "H" be directly
produced at its Q-output, or its Q-output is turned "H".
Then, the next pulse "H" of the clock (CLK) signal
comes, an AND circuit 314 produces "H" at its output
CLKAZ2.

20 Accordingly, a clock signal one clock delayed
is produced at the output CLKA2 of the AND circuit 314.
At the same time, the output of the fiip-flop 311 is
again inverted at the leading edge of the clock (CLK)
signal, and as a result the Q-inverse output is turned

25 "H". Thus, through the same sequence as in the above
description, the signal corresponding to CLKAl appears
at CKLBl1l, and the signal corresponding to CLKA2 is

produced at CLKB2.



20 | ogi cal values.of.data In series and that supplies to the parall el
lines a plurality of inverting signals each indicating one of the plurality
of logical values. A plurality of signals of different phases dependi ng on
the difference and equality between the val ggs-of two 25 adjacent pieces
of data are supplied to the plurality of transm ssion |ines. The signal
processor may have a tim r@f cthe eriock siigmalsd denexdtad)i frr tdettime the
i nterval between certain signal changes within the record cl ock.

respective registers, CLKAl and CLKA2 are used for

A-register-purpose clock signals, and CLKBl1 and CLKB2

for B-register-purpose clock signals. The A-register-

5 purpose clock and B-register-purpose clock are

alternately generated at every clock (CLK).

The data 404 is set in the registers 307 shown
in Fig. 10 by the above clocks and undergoes ENL
retrieval in the registers 302, 303. The results are

10 converted into serial data and fed to the output end
OUT. The OUT signal includes bit data and ENL
information. These data and ENL information are
supplied to the combinational logic block 310, and added
to the record clock signal that has already been

15 processed for record timing correction.

This embodiment can search for the record
-timing correction pattern directly from the patterns of
the transmitted parallel data, and correct the timing of
the record clock.

20 The third embodiment of the invention will be
described with reference to Fig. 12.

The recording and reproducing channel of the
magnetic disk system 100 of this embodiment is formed of
the parallel interface 102, the encoder/decoder 103, the

25 parallel-to-serial converter 104, the recording
amplifier 109, the record head 114, the recording medium

112, the reproduce head 115, the reproducing amplifier

116, the discriminating circuit 118 and the



-7- The tine interval between signal changes on a plurality of signals of
different phases that are supplied to the plurality of transm ssion |ines
is at least twice the tine interval between two adjacent pieces of data. 5
That is, in this invention, although the dal8 &ransm ssion path is of
parallel lines, for the necessity of using at |east one head for recording
and reproducti oseria i-dcopdaraideld iconyemen dd ¥+ oBhehanagnetid d stiglar al | el
transm ssion, and parallel data is 10 converted into serial data just

bef ore recordi n§ysasi AdfodE® assdhenreparding and reproduced signal

proceséor 124, the disk enclosure 108, and the
transmission cable 117 bf, for example, FPC that

5 connects the processor and the enclosure. The recording
signal is transferred in parallel from the
encoder/decoder 103 to the recording amplifier 109, and
the reproduced signal is transferred in parallel from
the discriminating circuit 118 to the encoder/decoder

10‘ 103. The clock signal for transfer of parallel data is
generated from a recording-purpose byte clock generator
206 of the recording and reproduced signal processor
124. The disk enclosure 108 has a record clock
generator 204 for oscillating in synchronism with the

15 parallel data transfer clock. The parallel data
transfer clock for the reproduced signal is generated by
a reproducing-purpose byte clock generator 205 on the
basis of the synchronous oscillator of the
discriminating circuit 118.

20 In this embodiment, since the record clock
generator 204 and the reproduced data transfer clock
generator 205 are not simultaneously operated, a common
phase-locked loop (PLL) oscillator may be used for both
generators.

25 The fourth embodiment of the invention will be
described with reference to Fig. 13.

The recording and reproducing channel of the

magnetic disk system 100 of this embodiment is formed of



Moreover, in order to nmake high-density recording, the so-called bit shift
must be reduced by record timng correction. Since a w de frequency band 15
is necessary for serial data, the record timng correction is made for
parall el data. The record timng correcti-oredof parallel data has not been
considered so far. According to the present invention, since 20 parall el
data i s transnithedpatrahledl intbefacanifilsstbe pachdenddecpdect 8@ 3f,othe
record timng, the transm ssion frequency band is not necessary to
extrenely increpaval¥abrtboseriaheconvaster L8de thepxnegprdl cdeck can be

generator 105, the recording amplifier 109, the record
head 114, the recording medium 112, the reproduce head

5 115, the reproducing amplifier 116, the discriminating
circuit 118 and the serial-to-parallel converter 119.
The magnetic disk system 100 also has the recording and
reproduced signal processor 124, the disk enclosure 108,
and the transmission cable 117 of, for example, FPC that

10 connects the processor and the enclosure. The recording
signal is transferred in parallel from the encoder/
decoder 103 to the recording amplifier 109, and the
reproduced signal is transferred in parallel from the
discriminating circuit 118 to the encoder/decoder 103.

15 The record clock generator 105 has a function for
changing the oscillation frequency in response to the
position of the record and reproduce heads 114, 115
along the radius of the disk. The oscillation output
from the record clock generator 105 is divided in |

20 frequency at a byte transfer clock purpose frequency-
dividing circuit 207. The frequency-divided signal is
used as a parallel data transfer clock for the recording
data. In addition, the parallel data transfer clock for
transfer of the reproduced signal is generated from the

25 reproducing-purpose byte clock generator 205 on the
basis of the synchronous oscillator of the discriminat-
ing circuit 118.

As illustrated in Fig. 15, a servo signal 414



increased up to the limt of the transm ssion frequency 25 band. BRI EF
DESCRI PTION OF THE DRAWNGS Fig. 1 is a waveform di agram showi ng the w dth
-8- of record timng correction; Figs. 2 and 3 show the rel ations anong the
transm ssion frequency band, the rise time a@@d-the fall tineg;

is embedded in part of a reproduced signal 412. 1In the
third and fourth embodiments, a path selection signal
413 is used to detect the servo regions, and the servo
signal is demodulated. The data regions, 415 of the
5 reproduced signal are discriminated into information of
"1l", "0" by the discriminating circuit, and produced as
parallel data. The servo signal 414 is demodulated by
the servo demodulator 120, and the demodulated output is
converted into a digital code by the analog-to-digital
10 converter 202 (ADC)} Then, the digital code is
transmitted in parallel through the parallel signal
transceiver 201. On the recording and reproduced signal
processor 124, the servo signal portion is extracted
from the parallel signal and supplied to an actuator
15 control portion 121. The output from the actuator
control portion 121 is fed as the servo signal to an
actuator 122, thus making positioning control.
In this embodiment having the servo signal
processing function, the recording and reproducing
20 channel of the magnetic disk system 100 is formed of the
parallel interface 102, the encoder/decoder 103, the
parallel-to-serial converter 104, the record clock
generator 105, the recording amplifier 109, the record
head 114, the recording medium 112, the reproduce head
25 115, the reproducing amplifier 116, the discriminating
circuit 118 and the serial-to-parallel converter 119.
The magnetic disk system 100 also has the recording and

reproduced signal processor 124, the disk enclosure 108,



5 Fi g°. 4 is a block diagram of an enbodi nent of the invention;'
Fig. 5is atruth table for record timng correction; Fig. 6 is a timng
chart to which reference is 10 nmade in explaining the operation of a record
timng correction circuit; Fig. 7 is a logizidragramfor ENL retrieval;
Fig. 8 is a block diagramfotr. one byte of ENL retrieval logic; 15
Fig. 9 is a bl oakddithgr awaobmdssikin cedpilst 417 Bifg. fod iexampllleoc R ddpadm of
a register connects the processor and the enclosure. The recording
signal is trénsferred in parallel from the endoder/
decoder 103 to the recording amplifier 109, and the
5 reproduced signal is transferred in parallel from the
discriminating circuit 118 to the encoder/decoder 103.
The output from the reproducing amplifier 116 is fed to
both the discriminating circuit 118 and the servo
demodulator 120, and the servo signal region 414 of the

10 reproduced signal is processed by the servo signal
processing circuits. The data region 415 is processed
by the data signal processing circuits and transmitted
as parallel data through the cable, only the servo
information being extracted after the transmission.

15 In the above embodiment, since the recording
and reproduction are not performed at the same time and
since the transmitted data is digital, the transmission
cable can be used to be common to the recording and
reproduction modes.

20 The fifth embodiment of the invention will be
described with reference to Fig. 16.

The recording and reproducing channel of the
magnetic disk system 100 of this embodiment is formed of
the parallel interface 102, the encoder/decoder 103, the

25 parallel-to-serial converter 104, the record clock
generator 105, the recording amplifier 109, the record

head 114, the recording medium 112, the reproduce head

115, the reproducing amplifier 116, the discriminating



portion of the record timng correction circuit; Fig. 11 is a bl ock diagram
for the clock control of the record timng correction circuit; 20

Fig. 12 is a block diagram of anot her enbodi nent of the invention; Fig. 13
is a block diagramof still another enbodi pnt- of the invention; Fig. 14 is
an external view of a disk 25 enclosure in the enbodinents of the

i nvention; Fig.cilfceioWwsl8 andck é@rmatsbgnalrprocdsagngEHEQh10ﬁ|gserﬁols a

bl ock dlagran1of further
‘signal demodulator 120, actuator control circuit 121)
The magnetic disk system 100 also has the recording and
reproduced signal processor 124, the disk enclosure 108,
5‘ and the transmission cable 117 of, for example, FPC that
connects the processor and the enclosure to transmit the
fecording signal. In the magnetic disk system, the
recording signal.is transferred in parallel from the -
encoder/decoder 103 to the recording amplifier 109, and
10 the reproduced signal is transferred in an analog form
from the reproducing amplifier 116 to the discriminating
circuit 118 or servo demodulator 120.
- In this embodiment, since the recording data
is transferred in parallel, fast transfer is possible.
15 In addition, since the discriminating circuit 118 and
the servo signal processing section can be provided in
the recording and reproduced signal processor 124 as in
the prior art, the scale of the circuits that can be
built within the disk enclosure 108 in Fig. 14 can be
20 reduced. Therefore, the amount of heat generated from
the circuits is decreased so that the temperature rise
within the disk enclosure 108 can be suppressed.
Accordingly, it is possible to reduce the effect of the
temperature rise on the recording and reproducing
25 characteristics.
The sixth embodiment of the invention will be
déscribed with reference to Fig. 17.

The recording and reproducing channel of the



-9- enbodinment of the invention; Fig. 17 is a bl ock diagram of stil
further enbodinent of the invention; Fig. 18 is a block diagram of the
enbodi ment 5 of Fig. 17 with the record timng correction circuit added,
Fig. 19 is a block diagramfor parallel tfak3n:ssion processing;

10

15

20

25

magnetic disk system 100 of this embodiment is formed of
the parallel interface 102, the encoder/decoder 103, the
record clock generator 105; the recording amplifier 109,
the record head 114, the recording medium 112, the
.reproduce head 115, the reproducing amplifier 116, the
discriminating circuit 118 and the servo signal
processing section (servo signal demodulator 120,
actuator control circuit 121). The magnetic.disk system
100 also has the recording and reproduced signal proces-
sor 124, the disk enclosure 108, and the transmission
cable 117 of, for example, FPC that connects the
processor and the enclosure to transmit the recording
signal. In the magnetic disk system 100 the record
clock generator 105 is provided in the recording and
reproducing signal processor 124 as in the prior art so
that each element can be operated in synchronism with
the record clock therefrom, and the parallel trans-
mission processing circuit is provided to supply data to
a plurality of transmission lines and transmit it in
parallel through the lines, in which case the data
inversion time per line in the transmission cable 117 is
longer than the period of the record clock and all the
parallel data never cause state shift.at the same time.
A modification of this embodiment is shown in
Fig. 18. This modification is the addition of the
record timing correction circuit 203 in this embodiment.
In this embodiment, since recording data is transferred

in parallel, the transmission frequency per line can be



Fig. 20 is a timng chart of a record clock 10 distributing circuit; Figs.
21A-21C show waveforns to which reference is nmade in explaining the idea of
transm ssion frequency band relative to the anount of record timng
correction, rise tinme and fall tinme; 15 -~ 24 - Fig. 22 shows an
exanpl e of transm ssion systemon a four-line transm ssion path; Fig. 23
shows an exanpl eegfudedans riirs sadaii tshoat e miocen édge |dats thaaning ssiphagat h;
Fig. 24 shows an exanple of transm ssion 20 systemon a five-Iline
transm ssi on padiffgm¢nce corresponding to the period of the record
clock is transmitted, the transmission frequency is low,
but the record clock timing can be sent as information.
5 Therefore, there is no need to provide the record clock
generator within the disk enclosure 108. Moreover, if
the record timing correction circuit 203 is provided in
the recording and reproducing prdcessor 124 as in this
modification, the edge data is corrected for the record
10 timing and transmitted. Thus, the circuit scale within
the disk enclosure 108 caﬁ be reduced, and hence the
temperature rise due to the heat generated from the
circuits can be suppressed. Furthermore, since the
circuit portion can be provided out of the disk
15 enclosure 108, the maintenance is also easy.
An example of the parallel transmission
. processing circuit 208 of this embodiment will be
described with reference to Figs. 19 and 20. Fig. 19
shows a four-line parallel data transfer type. The
20 record timing correction circuit 203 corrects the
recording data for the recording timing when the
recording data is only "1", and sends the corrected
pulse train to a quaternary or four-scale counter 501,
which then produces each state according to the timing
25 of the record clock. The output from the counter 501 is
supplied to the output selection terminals (S0, S1) of a

demultiplexer 502. After an output selection circuit of

the demultiplexer 502 is set, the record clock signal is



Fig. 25 is a block diagram of another enbodi nent of the invention.
DESCRI PTI ON OF THE PREFERRED EVMBODI MENTS The nagnetic or optical recording
and 25 reproduci ng system sends to and receives fromthe host, 101 parallel
data. However, the magnetic heads (record khgad 114 and reproduce head 115)
or optical heads (a - 10 - light emtting device and photosensitive
device) only also supplied through a delay circuit 503, thereby

delayed a certain propagation delay, and fed to the
enable terminal of the demultiplexer 502.
The record clock signal at the enable terminal
5 is produced at the selected output terminal. In addi-~
tion, at the input ends of the respective transmission
lines,.there are provided set/reset type flip-flop
circuits 504-the.outputs of which are set by the record
clock signal and reset by the record clock signal
10 corresponding to other recording bits. This way of
connection as illustrated always enables the timing of
setting the flip-flop circuits to be used as the timing
of the magnetization inversion.
If an N-line transmission cable is used, the
15 transmission waveform of one period on each line
corresponds to the time of N record clock pulses. Thus,
the fundamental transmission frequency per line is 1/N
that of one-line transmission cable. The timing of
resetting is effective for minimizing the necessary
20 transmission frequency band, and does not directly
relate to the magnetization inversion timing. Thus, the
reset timing can be freely designed. The reset timing
will be better if resetting is made at (N/2) the record
clock pulse after setting when N is even, or ((N +
25 1)/2)th or ((N-1)/2)th record clock pulse after reset-
ting when N is odd.
In the embodiment using four lines shown in

Fig. 19, the first output Q1 from the demultiplexer 502



record and reproduce serial data. Thus, parallel data is transmtted just.
until information is recorded, and each kind of signal processing is nade
on parallel data. 5 The present invention relates particularly to a signal
transm ssion systemfor fast transm ssior @6 parallel data. In addition,
according to the invention, a system has been devised by which each kind of
si gnal processiig sapplbiedede e psetl tetmiaah. S 19f the flip~-f1dbe504r st
enbodi ment of the invention will be described with reference to Fig. 4.

Referring to Fifpr 4ineck} ecdPhe reptprt r@prboemri the cdemapbtiplesenadfeti c

di sk system 100 of
that produces (4/2) = 2, or the second record clock

pulse after the setting record clock pulse is supplied
5 to the reset terminal R. .This way of connection makes
it possible to reduce the necessary frequency band of
the transmission line.
As one of the practical methods, the outputs
from the flip-flops 504 are supplied through delay
10 circuits 505, thereby compensated for the specific delay
of each transmission line, and fed to the transmission
cable 117 as a record timing signal.
Since a plurality of transmission lines are
provided, the transmission frequency per line can be
15 reduced and the transmission frequency band can be
relatively widened as described above. The reason for
this will be specifically described below.
The transmissible frequency per line is the
reciprocal of twice the larger one of the time T1 in
20 mode A shown in Fig. 21B and the time T2 in mode B shown
in Fig. 21C. The time Tl is the sum of a record timing
correction time WCl, a rise time tr and a record timing
correction time WCx, and the time T2 is the sum of a
record timing correction time WCx, a fall time tf and a
25 record timing correction time WC2. Thus, the number of
lines necessary for data transfer is determined by one
plus an integer resulting from dividing the frequency

.necessary for data transfer by the transmissible



this enbodinent is fornmed of a parallel interface 102, 15 an
encoder/decoder 103, a parallel-serial converter 104, a record clock
generator 105, a recording anplifier 109, a record head 114, a recording
medi um 112, a reproduce head 115, a repred®d ng anplifier 116, a
discrimnating circuit 118 and a serial-parallel converter 119. The 20
magneti ¢ di sk siseéqued€p pésolims.a Theonumhgranf rrpnsuissioni danes
processor 124, a disk enclosure 108 and a transm ssion cable 117 of, for
exanpl e, a fl ext¢dh cbpaesbimated| by (+ie) fohlewingnedguatiag pPdecessor and the
encl osure. The magnetic disk system 100 is a magnetic 25 recording and

repr oduci ng systemin which the recording

max INT[E-’:]+1,INT[£]+1|=N (5)'
_ Ty . T, _
[T

INT |— 6
.Tb] | ©)

max | A, B ] (7)

The expression (6) is to divide T by Tb and select the
integer of the quotient, and the expression (7) is to

5 select a larger one of A and B. In the above equation
(5), T1 is the sum of WCl, rise time tr and WCx, T2 is
the sum of WCx, fall time tf and WC2, Tb is the time
between two magnetization inversions, or bit time, and N
is the number of transmission lines. WC1l, WC2 and WCx

10 are amounts of record timing correction.

Thus, the number of necessary lines can be
estimated from the data transfer rate and the
transmissible frequency per line as above.

Figs. 22, 23 and 24 show signal division in

15 examples of four lines, two lines and five lines. When
the number of lines is even as in Figs. 22 and 23, the
interval from the rising edge to the following rising
edge on each line equals to the interval from the
falling edge to the following falling edge on the same

20 line over the range of all "l1"s.

When the number of lines is odd as in Fig. 24,



signal is transferred in parallel between the encoder/decoder 103 and the
recording anplifier 109, and in which the reproduced signal is transferred
in _paral l el between the encoder/decoder 103 and the discrimnating '
circuit 118. In this enbodinent, the paral |28 -data fromthe encoder/decoder
103 is transm'tted through the FPC 117 5 to the recording anplifier 109.
The transm ssi othé rimexeyl of rometi®Crisimg sedgaetot bha gﬁliﬁﬁiéﬁnven-

rising edge on each line is narrower than the interval
from the falling edge to the following falling edge on
the same line over the range of all "1"s. Thus, if the

5 allowable transmission frequency band of the odd-
numbered lines is compared with that of the even-
numbered lines, the latter can be considered to have a
higher efficiency because the same performance as that
of the even-numbered lines can be obtained if one is

10 subtracted from the number of odd lines.

Fig. 25 is a block diagram of an optical disk
system 100A including an optical disk or magnetooptical
disk 112A for storing data, as another embodiment of the
invention. In Fig. 25, like elements corresponding to

15 those in Fig. 4 are identified by the same reference
numerals. A recording and reproducing portion 99 for
writing/reading data in the recording medium 112A has a
light emitting device and a photosensitive device. In
this optical disk system, the data transfer rate can be

20 substantially improved over the conventional optical
disk system that has a limit to the transfer rate due to
the transmission frequency band of the transmission
cable 117. The arrangement of the optical disk system
of Fig. 25 can be variously changed and modified as in

25 the embodiments of the magnetic disk system described so

far.



tional serial data transfer system Moreover, since the—+recarding and
reproduci ng operations are exclusive nodes to each other, the 10 T

transm ssion cable for transfer of parallel data can b mamnuﬁfm
to the recording and reproduction operation9 Jherefor W
transcei vers 201 are provided before and after the transmi‘ssitfon"cabl e
respectively, sCLAAME, at the tinme of recording, data 15 can be transmtted
fromthe encoder/decoder 103 to the recording anplifier 109 and, at the
time of reprodudi-ng, data?cdatie recemdiing &y stepmiore ndocondimicnhalatey in
circuit 118 to the encoder/decoder 103. The transm ssion cable
a recording medium, comprising:
a signal processor including an input circuit -
to which data is supplied;
a transmission cable connected tq said signal
processor to transmit parallel data; and
a disk enclosure including a converter
connected to said transmission cable to convert said
parallel data into serial data, data record and
reproduce heads, connected to said converter, and a
recording medium.
2. A data recording system according to claim 1,
wherein said transmission cable is a plurality of
parallel lines that are matched in impedance at the
Junctions with said converter and said input circuit.
3. - A data recording system according to claim 2,
wherein said signal processor has a parallel transmis-
sion processing circuit that generates a record clock
indicating a plurality of logic values of data in
series, and supplies a plurality of inversion signals
each indicating one of said plurality of logic values to
said plurality of parallel lines.
4. A data recording system according to claim 3,
wherein said signal processor has a timing correction
circuit for changing the fime interval of certain signal

changes within said record clock.

5. A data recording system according to claim 1,
_—
This Sheet Has Been Rep
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117 may use wires (for exanple, FPC) that have nade I ng
at the ends to both transceivers, thereby preventing m iH mmmmp gnal
frombeing reflected fromthe transceivers. The reproauce g udes
a servo signal. The servo signal is requiregpto bypass the dlscr|n1nat-
ing circuit 118 because it is converted in quite a different manner from

the data code ceR¥@EshoBaiBoBighad pubpessorahasr ao pdsaldellatoanbid s-s

separately provided to receive only the servo signal. Since the
sion processing circuit for supplying a plurality of
phase difference 51gnals depending on the difference and
eQuality between two adjacent valués of data to said
plurality of lines of said transmission cable.
6. A data recording system according to claim 5,
‘wherein the time interval of signal changes in said
plurality of phase difference signals supplied to said
plurality of lines of said transmission cable is at
least twice that of said two adjacent values of data.
7. A data recording system according to claim 4,
wherein séid timing correction circuit has a retrieval
logic circuit that logically calculates said parallel
data and generates a signal (ENL) indicating which bit
of said parallel data should be made to lead or lag.
8. A data recording system according to claim 7,
wherein said timing correction circuit has storage means
for storing said parallel data at a certain timing pulse
of said record clock and said parallel data at the
preceding timing pulse located just one pulse before
said certain timing pulse, a converting circuit for
converting parallel data to serial data, and a correc-
tion circuit for correcting the last bit of parallel
data at preceding timing pulse and the forward (N-1)
bits of said parallel data at said certain timing pulse
of said record clock for their record timing on the
basis of a pattern of the two bits of said parallel data

at said preceding timing pulse of said record clock and

This Sheet Has Been Replace
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- 12 - transm ssion cable is used for parallel transfer of dlgltal si gnal
the servo signal is converted into a digital S|gna -digita
converter 202 (hereinafter, abbreviated ADC), and !ﬂ“\mm“ﬁuﬂq mt he 5
paral | el signal transcelver 201. The parall® -signa fanscdi vérs 201 are
controlled in their recording/ reproduction/servo control nodes by control
signals froma thatNobies &23sasd phzbtlieilt daitrgatosaidl ceataie mdadngn t he
transm ssion directions and input/output 10 relations.

pulse of said record clock.

9. A data recording system according to claim 1,

wherein said signal processor has servo signal proces-

sing circuits for servo-processing a reproduced analog

signal supplied from said data record and reproduce

heads.

10. A data recording system according to claim 1,

wherein said signal processor has a generator for

generating said clock signal for the transmission of

said parallel data, and said disk enclosure has é record

clock generator for oscillating in synchronism with said

clock signal.

11. A data recording system according to claim 10,

wherein said record clock generator changes an oscilla-

tion frequency in response to the position of said

record and reproduce heads on said recording medium

along the radius.

12. A data recording system according to claim 1,

wherein said parallel data never cause state transition

at the same timing pulse of said record clock.

13. A data recording method for recording data on

a recording medium, comprising the steps of: |

supplying said data through an input circuit
to a signal processor, and supplying parallel data to a
transmission cable of a plurality of parallel lines; and

receiving said parallel data by a disk

enclosure including data record and reproduce heads and

\
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Anot her embodi ment will be described in mhlch a record
circuit 203 is proyi ded to correct parallel dat a, therewm IIEHI"W'M“'
possible to transmt parallel data through the transni'ssi*on¢linest ofs
whi ch the maxi mum data transfer frequency-iz2lower. The second enbodlnent
concerning the record timng correction circuit systemthat can be used for
the paral | el dagareebkrdbagdmediumedantdt bheaf ecevestiogFisgid parallpl 8, 9,
10, 11, 18. 20 o The record timng correction circuit 203
corrects the redatd Lntongemfiaihdatentral bit (Y) when the data bits are
"011" or "110" as indicated in Fig. 5.
14. A data recording method according to claim 13,
further comprising:
a step of generating a record clock indicating
a plurality of logic values of data in series from said
signal processor; and
a step of supplying a plurality of inversion
signals respectively indicating said plurality of logic
values to said plurality of parallel lines.
15. A data recording method according to claim 14,
wherein said signal processor makes timing correction
for the time interval of certain changes within said
record clock.
16. A data recording method according to claim 13,
further comprising a step of supplying a plurality of
phase difference signals depending on the difference and
equality between two adjacent values of data to said .
parallel lines of said transmission cable.
17. A data recording method according to claim 16,
wherein the time interval of signals changes on said
plurality of phase difference signals supplied to said
plurality of parallel lines of said transmission cable
is at least twice the time interval of said two adjacent
values of data.
18. A data recording method according to claim 15,

wherein said timing correction step has a step of

logically calculating said pérallel data, and generating

-
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The record timng correction circuit 203 detects the omthe
paral l el pattern data and 25 controls the correspo cﬂm‘lm Eﬂjﬂm the
record timng fast or late. The retrieval and contr above
pattern will be described below In Fig. 5380-timng shift N, |agging -
13 - correction L and | eading correction E can be expressed by the |logic

equations (2), e3pigndl(4ENL)edipddicatdény which bit of said parallel
data should be made to lead or lag.
19. : A data recording method according to claim 18,
wherein said timing correction step has a step of
storing said parallel data at a certain timing pulse of
said record clock and said parallel data at the
preceding timing pulse located just one pulse before
said certain timing pulse, and a step of correcting the
last bit of said parallel data at said preceding timing
pulse and the forward (N-1) bits of said parallel data,
beginning with the front bit, at said certain timing
pulse of said record clock for their record timing on
the basis of a pattern of the two bits of said parallel
data at said preceding timing pulse of said record
clock, beginning with the last bit, and the N bits of
said parallel data at said certain timing pulse of said
record clock.
20. A data recording method according to claim 13,
wherein said parallel data never cause state transition

at the same timing pulse of said record clock.
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E =Y AND (X EXOR Y) AND (X EXCR 2) (2) N =Y AND (X ENCR 2) ,
(3) 5 L =Y AND (X ENOR Y) AND (X EXOR 2) (4) where Y is
the bit at which timng shift is made, X is one bit before and Z is one bit
after. Also, ENOR is exclusive NOR, and EX@%is exclusive OR The E, N and
L are determ ned by the above 10 | ogic equations and the parallel pattern
data. Fig. 6 i SABSTRACRQOEhE@HE DOSCLOSUERE N and L. First, a WG signal 401
is turned "H' for recording of information as illustrated. Wen the WG
signal is "H', a reset si@nfpstodats §raspiesdsystem capable of

eliminating the need to'extremely increase the necessary
transmission frequency band for the high-density record-
ing and fast revolution rate of data recording and
reproducing system has a recording and reproduced signal
processor including an encoder/decoder, a disk enclosure
including a parallel-to-serial converter, a record head,
and a serial-to-parallel converter, and a transmission
cable, and makes recording parallel data transfer from
the encoder/decoder to a recording amplifier by shifting
the phases of a plurality of recording signals and
reproduced parallel data from the serial-to-parallel
converter to the encoder/decoder by shifting the phases
of a plurality of reproduced signals. The necessary
transmission frequency on the transmission cable can be
reduced by this parallel data transfer on the transmis-
sion cable. In addition, a record timing correction
circuit can be provided on a parallel data transfer

path.

[
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15 initializing the recording circuits. The reset signal 402 clears each
register of the circuits. Then, a clock 403 for transm ssion of parallel
data and parallel transfer data 404 synchroni'’zed with the | eadi ng edges of
the clock are transmtted fromthe 20 encoder/decoder 103. Since the
record timng correction is deternined19y t?e conbi nation of the preceding -
bit and the following bit, the last bit o?- he first parallel data #0 and
the first bit of the next parallel data #1 are to have a relation with the
correction. For 25 this purpose, it is necessary to hold at |east

two-cl ock part of the transferred data. Thus, two registers (A

AMOUNT OF RECORD TIMING CORRECTION W¢
RECORDING DATA 1 | 1
: » Wg | ' We
RECORD CLOCK o hon
AFTER CORRECTION
- FIG. 2
AMOUNT OF RECORD TIMING CORRECTION Wg
PULSE
WIDTH
_ RISE FALL
| CONDITION A e 7o
Vi O N
CLOCK OF . L.
LOW FREQUENCY
(NO ERROR)
FIG. 3 |
AMOUNT OF RECORD TIMING CORRECTION Wg
CONDITION B e e
V1H ; H ;
CLOCK OF S

HIGH FREQUENCY

(ERROR GENERATED)
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the | eadi ng edge of pulse, one clock after the data transfer clock 403. The
preferential register at that tinme depends on the state of an Reg. Sel DLY
signal 408. 10 If a pattern corresponding to E, N, L is found as a result

of pattern retrieval, it is registered in an ENL register 409 for A-Reg. or
an ENL register 410 for B-Reg. Finallyg yrecord timng correction is
made 15 by a record cl ock generated fromthé data transfer clock 403, and
at the same tine the parallel data is converted into serial data. The
register for the parallel-to- serlal conversion is represented by the -

I nverse state of

FIG.5

TRUTH TABLE FOR RECORD TIMING CORRECTION

&AFI;OWSCORRECTION RESULT OF

DIRECTION) | TIMING ANALYSIS
X Y Z * |
by b by E N L
0 0 O o 0 O
0o 0 1 0 0 O
0 1 0 0 1 0
o T 1 1 0 0
1 0 0 0o 0 o0
1 0 1 00 0 O
1 1 o o o0 1
1 11 0 1 0

:NO CORRECTION

*
ﬁ LEAD CORRECTION
L:LAG CORRECTION
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the Reg. Sel DLY signal (Serial Reg. Sel signal 411). 20 - Fig. 7

shows a logic circuit 301 for detecting an ENL state fr tsl?e%t g,;{; 'gced
patterns. This logic circuit handl es the equations (2),

is a circuit arrangenent 302 having the ENL retrieval Iog

provided in order to 25 handle 8-bit pgal2dgl data. The p

represented by bits bOto b7. For the ENL of bits bO and b7 those bItS
including a bit bx. one bit before bO and a bit bz one bit after b7 are

- searched at the same :
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- 15 -"time. In order to nmake retrieval under the logic state, data of
three bytes is necessary. Thus, a searching nethod using data of two bytes
has been devised. This nethod will hereinafter be described. 5

Two-cl ock part of the parallel data, or the first and second bytes are
stored. Then, the ENL retrieval is perfp dy for the bit b7 of the first
byte and the bits bOto b6 of the secon e. At this tine, since the

range of retrieval is the patterns |nclud|ng 10 the preceding bit and the
follow ng bit, the bits

FIG. 7

ENL RETRIEVAL LOGIC DIAGRAM

<
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necessary for retrieval are b6 and b7 of the first byte and all bits of the
second byte. The states of E, N, L corresponding to the bit b7 of the first
byte and the bits bOto b6 of the second 15 byte ai_ah__rgﬂju’of_LN,L__
retrieval are stored in registers 304, 305, 306 as'shown in Fig. 9. A Oount
signal of a record clock generated fror@y data tr&m@SlemHabB@k cgtts one
input termnal of each register 304, 305, 6 for ENL\“““ I nput

g

is 20 produced at an output Eout. Since the Count si ed from
the record clock, it is a clock for bits and is used

paral | el -to-serial conversion. FIG_ 8
- BLOCK DIAGRAM FOR ONE - BYTE ENL RETRIEVAL LOGIC
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The

8 and 9 provided as main el enents.

10 and 11 show portions of the record timing correction circuit 203

having the circuits of 25 Figs.

Fi.gs.
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the record clock. 20 The third enbodi ment of the invention will
be described with reference to Fig. 12. The recordi ng and reproduci ng
channel of the magnetic disk system 100 of this enbodinment is formed of the -
paral l el interface 102, the encoder/decoder 103, the 25 parallel-to-serial
converter 104, the recording anpl i'fier1 2.9%? he record head 114, the
recordi ng nedium 112, the reproduce head , t'he reproducing anplifier
116, the discrimnating circuit 118 and the :
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-.18. - serial-to-parallel
has the recording and reproduced signal processor 124, the di sk enclosure
108, and the transm ssion cable 117 of, for exanple, FPC that 5 connects
the processor and the enclosure. The recordlng signal is transferred.in
parallel fromthe encoder/decoder 1031Ep/§b2 recording anplifier 109, and
is transferred in parallel fromthe discrimnating
circuit 118 to the encoder/decoder 10 103. The clock signal for transfer of

t he reproduced signal

par al | el

data is

~ REPRODUCED

SIGNAL

PATH
SELECTION

SIGNAL -

412

413

converter 119. The magnetic di sk system 100 al so

FIG. 15

SCHEMATIC DIAGRAM OF TRACK FORMAT

'+4n RECORDING
112 yEpium

415 DATA

SERVO
414 SIGNAL

' - 415 DATA

P AN

. 414 SERVO SIGNAL
SERVO | -
U DATA u u
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15 The record cl ock generator 105 has a function for changing the
oscillation frequency in response to the position of the record and
reproduce heads 114, 115 along the radius of the disk. The oscillation
output fromthe record-clock generator 105 is divided in 20 frequency at a
byte transfer clock purpose frequency] BiAR@ng circuit 207. The
frequency-divided signal is used as a parallel data transfer clock for the
recording data. In addition, the parallel data transfer clock for transfer
of the reproduced signal is generated-trnnLLhe"25 repcoducing-purpose byte
cl ock generator 205-on the basis d%& qhe synchronoue)050|llator of}! t he
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ing circuit 118. As illustrated in Fig. 15, a servo signal 414

enbodi nent s,
regi ons,
5 reproduced signa
discrimnating circuit,

- 20 - is
enbedded in part of -a reproduced signal 412. In the third and fourth '
a path selection signal 413 is used to detect the servo
and the servo signal is denodul ated. The data regions, 415 of the
are discrimnated 8 &2nformation of "1", "0" by the
and produced as -
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paral l el data. The servo signal 414 is denodul ated by the servo denodul at or
120, and the denndulated output is converted into a digital code by the
anal og-to-digital converter 202 (ADC). Then, the digital code is
transmtted in paraIIeI t hrough the parall el S|gnal transcei ver 201. On the
recording and reproduced signal procesgor 224, the servo signal portion is
extracted fromthe parallel signal and supplied to an actuat.or 15 control
portion 121. The output fromthe actuator control portion 121 is fed as the
servo signal to an actuator 122, thui:rtgingzﬂo itioning control. In this
enbodi nent having the servo signal .

- IDEA FOR TRANSMISSION BAND FOR AMOUNT
OF CORRECTION, RISE AND FALL TIME :

1P | T4

N g - -

- FIG. 21B

IDEA FOR TRANSMISSION BAND FOR AMOUNT
OF CORRECTION, RISE AND FALL TIME

| T
MODE A il i
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FIG. 21C

IDEA FOR TRANSMISSION BAND FOR AMOUNT
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processing function, the recording and reproduci ng 20. channel of the
magneti c di sk system 100 is fornmed of the parallel interface 102, the
encoder/ decoder 103, the parallel-to-serial converter 104, the record cl ock
generator 105, the recording anplifier 109, the record head 114, the _
recordi ng .medi um 112, the reproduce @ 2% 115, the reproducing anplifier
116, the discriminating circuit 118 and the serial-to-parallel converter
119. The magnetic di sk system 100 al so has the recording and reproduced
signal processor 124, the disk enclosure 108,

FIG. 22

EXAMPLE OF FOUR - LINE TRANSMISSION

FOUR - LINE
TRANSMISSION
PATH

RECORDING
INFORMATION

1
LNE #1  _§
LINE #2

LINE #3
(=LINE #1)

111101101410

LINE #4
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FIG. 23

EXAMPLE OF TWO - LINE TRANSMISSION

TWO - LINE
TRANSMISSION
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RECORDING 1'
INFORMATION
LINE #1

LINE #2 _.
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1 111011041110
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- -.21 - and the transmission cable 117 of, for exanple, FPC that connects
the processor and the enclosure. The.recordi-ng signal is transferred in
paral l el fromthe encoder/ decoder 103 to the recording anplifier 109, and
the 5 reproduced signal is transferred in parallel fromthe discrimnating
circuit 118 to.-the encoder/decoder 103.1 fige2out put from the reproducing
anplifier 116 is fed to both the discrimnating circuit 118 and the servo
denodul ator 120, and the servo signhal region 414 of the 10 reproduced
signal is processed by the servo S|gnal

FIG. 24

EXAMPLE OF FIVE - LINE TRANSMISSION

FIVE - LINE
~ TRANSMISSION
PATH

RECORDING | . |
NAECORDING 1 11110 }.1 01110
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since the recording and repro

The data region 415 is process
performed at the sanme tinme and since2Rpe/ Pransnitted d

pgobessing circuits.
only the servo information being extracted after the.t

processing circuits and transmtted as parall el
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magnetic di
imterface
converter
the record

P AC MENT SHEET L blo351-0

his enbodi ment is forned of the parall gbes
the e@'@€F dgcoder 103, the 25 parallel-to-seria

d gl gqck generator 105, the recording anplifier 109,
d 114, the cdrding nedium 112, the reproduce head 115, the

reproduci ngf anplifier 116, the discrimnating™ - 22 - circuit 118 and a

servo si gna

preeesstng—section (servo signal denodul ator 120, actuator

control circuit 121)METHOD AND APPARATUS FOR FAST TRANSFER OF DATA IN

10

15

20

25

RECORDING AND REPRODUCING SYSTEM

BACKGROUND OF THE INVENTION

The present invention generally relates to a
data recording and reproducing system for recording
digital information on a magnetic or optical recording
medium by inversion of magnetization or change of
magnetization direction or by change of optical phase
and reproducing the recérded magnétized information or
optical information from the medium. Particularly, this
invention relateé to a data recording and reproducing
system that requires fast.transfer of data.

There are related publications of USP Nos.
5,337,198 and 5,307,213 filed by Nishiyama and others on
Aug. 9 and Apr. 23, 1994, respectively, and of document
"A Case for Redundant Arrays of Inexpensive Disks
(RAID)" written by D. A. Patterson et al., in 1988 ACM
SIGMOD Conference, Chicago, IL., June 1988, pp. 109-116.

The conventional magnetic disk system receives
the information to be recorded from the host wvia a
parallel data interface (hereinafter, referred to as I/F
circuit). The received information is converted into
serial data by a parallel-serial converter that uses a
record clock generated from a record clock generator.
The serial data is transmitted through an FPC as the

record clock to a recording amplifier of an actuator

within a dis{ en%‘«-@f}&ﬁﬁwwwgmtmny




alis¢ has the recording and reproduced signal
processor 124, gpfi ﬁqg%ps ré 108, 5 and the transm ssion cable 117 of,
for exanple, FHC{h % nécts |t e processor and the enclosure to transnmit .
t he recordi ng s} gnal——tn-t-Re—melgrieti c di sk. sygtem the recording signal is
transferred in paral I el fromthe Jencoder/decoder 103 to the recording
anplifier 109, O—ttre—Tepr oduced signal is transferred in an anal og
formfrom the reproduernapaswbi APeARAFGSt PORNPAST STRANEFER| OB DATARUIN 118

or servo denodul ator 120. i e ] T z §¥ﬁﬂd|ng data is
transferred in parallel, . -“‘E‘ ~pviop B NH‘%YV

ABSTRACT OF THE DISCLOSURE
A fast data transfer system capable of

eliminating the need to extremely increase the necessary
transmission frequency band for the high-density record-
ing and fast revolution rate of data recording and
reproducing system has a recording and reproduced signal
processor including an encoder/decoder, a disk enclosure
including a parallel-to-serial converter,.a record head,
end a.serial-to-parallel converter, and a transmission
cable, and makes reeording parallel data transfer from
the encoder/decoder to a recording emplifier by shifting
the phases of a plurality of recording signals and
reproduced parallel data from the serial-to-parallel

~ converter to the encoder/decoder by shifting the phases
of a plurality of reproduced signals. The necessary
transmission frequency on the transmission cable can be
reduced by this parallel data transfer on the transmis-
sion cable. 1In addition, a record timing correction
circuit can be provided on a parallel data transfer

path.

FIG. 4



15 In addition, since the di scrl mnating circuit 118 and the servo signal

pr ocessi ng secti in the recording and reproduced signal
processor 124 as | the scale of the circuits that can be
built within th 148 in Fig. 14 can be 20 reduced.
Therefore, the nt. of he gndrated fromthe circuits is decreased so

t hat . the tenper r‘féénvﬁ-ﬁigr tthe d:i—s?k—_encl osure 108 can be suppressed.
Accordingly, it possible ta rdequce the effect of the tenperature rise on
the recording and reproduci ng 25 gharacteristics. The sixth enbodi nent of
the invention w¥—be ' '

S

FIG.1
AMOUNT OF RECORD TIMING CORRECTION WC
RECORDING DATA ' 1 1
_.__u SP—
» We ! ! WC
RECORD CLOCK ' il J\
AFTER CORRECTION
FIG. 2
AMOUNT OF RECORD TIMING CORRECTION WC
- PULSE '
WIDTH
;-~ RISE FALL -
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CLOCK OF
LOW FREQUENCY
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FIG. 3
AMOUNT OF RECORD TIMING CORRECTION Wq
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processi ng section (servo signal denodul ator 120, actuator control circuit
121). The magnetic di sk system 100 al so has the recordi ng and reproduced
signal proces- 10 sor 124, the disk enclosure 108, and the transnmni ssion
cable 117 of, for exanple, FPC that connects the processor and the

enclosure to transmt the recording si gngl. In the magnetic di sk system 100
t he recordfg] E el atr—105 is prow- —in the recording and 15
reproduci n G dc ET 124 as in the prior art so that each el enent

[

can be opegaged in synchrohigmw th the record clock therefrom and the
parallel trans-2 §iaN ®97Prpcessing circuit is provided to supply data to

FIG. 5

TRUTH TABLE FOR RECORD TIMING CORRECTION

DATA BITS
(ARROW : CORRECTION | RESULT OF
DIRECTION) | TIMING ANALYSIS

X Y Z *
by by b,y E N L
0O 0 O© 0 0 0
o 0 1 0 0 0
o 1 o0 o 1 0
o T 1 1 0 0
1 0 o0 0O 0 0
1 0 1 0o 0 O
1 1 o o o0 1
1 .1 1 0o 1 0

:NO CORRECTION

*
E : LEAD CORRECTION
L:LAG CORRECTION




a-plurality of transmssion lines and transmt it in 20 parallel through
the line

_ —t-R-i-ch—case—thie data inversion time per line in the

“transm ss REBLA@ENENILSHEET onger than the period of the record clock and
all the pgafattet—dat=a ne5 cause state shift at the sane tine. A
modi fi catji ¢ i???"b dinment is shoyn_in 25 Fig. 18. This nodification
Is the additi@ﬁ'tﬁmt record timng;e&ection circuit 203 in this
enmbodi meqt. Ia—thi-s—enbodi frent

since recording data is transferred in
paral l el ,} the transm ssion]frequency per |line can be
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- 24.- reduced. In addition, since edge data having a phase difference

correspo erlod of the record clock is transmtted, the
transm ssj ow, but the record clock timng can be sent as
I nformat i ;- Jthere is no need to provide the record clock
gener at or in the dis ncl osure 108._Moreover, if the record timng

correctig i rovi ded i nj_h'ﬁ_r_ecordl ng and reproduci ng
pr ocessor as in this dification, the edge data is corrected for the
record 1 tlmng and trangm tted. Thus, the circuit scale within

FIG. 7

ENL RETRIEVAL LOGIC DIAGRAM
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the di sk encl Wiﬁ a—he duced, and hence the tenperature rise due
to the heat g¢t dmﬁHEEE I rcuits can be suppressed. Furthernore,

provi ded out of the disk 15 enclosure

since the cirfujt portion T

108, the main enaquﬂhﬁ.ﬁb?o Sy. An exanple of the parallel transm ssion
processing cijrduit 208 of "thifs enbodingné will be described with reference
to Figs. 19 gnd N v r hgws a fow+—+ne parallel data transfer type.

The 20 reco I ng correcti@n circuit 203 corrects the recording data
for the recording timng he recording data is only "1", and sends the
corrected leca E;

BLOCK DIAGRAM FOR ONE - BYTE ENL RETRIEVAL LOGIC
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enable termn
tion,

by the record
correspondi ng
illustrated

be used as th
transm ssi on

FIG. 10 BLOCK DIAGRAM OF REGISTER OF TIMING CORRECTION CIRCUIT
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t he fundanent al
resetting is nade at (N 2) the record cl ock pul

Thus,
line is 1/ N that of one-line transm ssion cabl e.

effective for

m ni m zing the necessary 20 trans

15 transni ssi on wavef orm of one period on each |j

does not directly relate to the magneti
reset timng can be freely designed.

of N record cl ock pul ses.

even,

or ((N+ 25 1)/2)th or ((N1)/2)th record—Tteek—pulse after|

ting when N is odd.
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reciprocal of twice the larger one of the time T1 in-20 node A shown in
Fig. 21B and the tine T2 in node B showmn in Fig. 21C. e tlne Tl is the
sum of a record timng correction tine WC1, a rise ting G

timng correction time WCx, and the tine T2 is the sunf gt
correction tinme Wox, a fall time tf and 25 record
WC2. Thus, the nunber of Iines necessaﬁg_ﬁor data trh
by one plus an integer resulting fromdividing the fr,
data transfer by the transm ssible
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-27- frequency per line. The number of transmission lines can be estimated
by the follow ng equation (5). [err]

(5) [err] (6) [err]
(7) The expression (6) is to divide T by Tbh and sel ect tfi
guotient, and the expression (7) is to sel ect a larggr
In the above equation (5), Tl is the-s WCL, riset
is the sumof WCx, fall tinme tf and WC2, Th is the ti

FIG. 15

SCHEMATIC DIAGRAM OF TRACK FORMAT

RECORDING
112 MEDIUM
415 DATA
|
SERVO
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said bits having nutually different inversion timngs; {a4
connected to said signal processor to transmt said parfall el
said different phases of signal inversion; and a disk ¢
converter connected to said transm ssion cable to conv
data into serial data, data record and igproduce heads{ conng
converter, and a.recording nedium 2.2_—2A"data recor ding
to claim1, wherein said transnission cable is a pIurallty of para

| i nes that e martHed T T ipEdance "ar-1he” TTﬂTCfTTﬂTS'VMT?ﬁ‘é%ﬂWi CONVerier™
and said si ql p;pcessor rd|ng ding— ¢
claim 2, ereigygpaid sig zzans I8 $1 on :
processi ng r'cug t hat generates a gral ity of Iogrcg@l L&BQf datg ifn
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adj acent values of data to said plurality of parallel lines of said
transm ssion cable. 6. A data recording systemaccording to claimS5,
wherein the time interval of signal changes in said}
difference signals supplied to said plurality of Ii
cable is at least twice the tine intervglyg of said tywoj
data. 7. A data recordi ng system iyxxxéhng to cJa
timng correction circuit has a retrieval logic cir
cal cul ates said parallel data having said different
I nversion and generates a signal (ENL) indicating
paral l el data should be nmade to | ead or |ag. 8. dingfsystem
according to claim 7, wherein said timng correction CIrCUIt has storage
means for storing sald paral |l el data having said
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di fferent phases of signal inversion at a certain timng p
cl ock generator and said parallel data at the preceding ti
| ocat ed just one pul se before said certain timng pul se,
circuit for converting parallel data to serial data, and or b CH,Q”-
circuit for correcting the last bit of grgllel data at prlededing tT A%y
" pulse and the forward (N-1) bits of sai_g_paxallel dat a 3! |
certain timng pul se of said record clock for their recor i m

basis of a pattern of the two bits of FIG pgﬂl el data at sai
timng pul se of said record clock andit N f said parallel data at

said certain IDEA FOR TRANSMISSION BAND FOR AMOUNT
OF CORRECTION, RISE AND FALL TIME

——————

T2 T1

FIG. 21B

IDEA FOR TRANSMISSION BAND FOR AMOUNT
OF CORRECTION, RISE AND FALL TIME

T
MODE A ~ 7
WC, ty WC,
FIG. 21C

IDEA FOR TRANSMISSION BAND FOR AMOUNT
OF CORRECTION, RISE AND FALL TIME

Ty
MODE B - -

.

WC, by WC,



tini ng pul se of said clock generator. 9. A data recording system
,according to claim 1, wherein said signal processor has servo signal
processing circuits for servo-processi ng an anal og signal reproduced from
said data record and reproduce heads. 10. A data recording system
according to claim 1, wherein said di encl osure h

oscillating in synchronismwth sai d-'-s-zéu-e-n

ance of pul:ﬂeg '
cl ock generator. 11. A data recording system accor E%ﬁ@;rﬁ T

wherein said record clock changes an oscillation fr ncy in r esporjs
the position of said record and reproduce heads on gaijd Edcmquimg; difum
al ong the radius. 12. A data recording systemaccqgrding to claim

wherein said parallel data having said different phdses of srghai—+hversion
never cause state transition at the _

FIG. 22

EXAMPLE OF FOUR - LINE TRANSMISSION

FOUR - LINE
TRANSMISSION
PATH

RECORDING
INFORMATION

LINE #1
LINE #2

LINE #3°
(= LINE #1)

L -

LINE #4
(=LINE #2) |

FIG. 23

EXAMPLE OF TWO - LINE TRANSMISSION

TWO - LINE
TRANSMISSION
- PATH

RECORDING
INFORMATION 1111101101 1 10
LINE #1

LINE #2
(=LINE #1)




sanme timng pul se of said record clock. 13. A data recordi ng nethod for
rrecordi ng data on a recordi ng nedium conprising the steps of: supplying
said data through an input circuit to a signal processor; generating a
sequence of pulses froma clock generator; supplying data with different
phases of signal inversion, provided fr sai d sequence of [
formof parallel bits of data to a tréngglésion cabl e of a [NHH 7
parallel lines, each of said bits having nutually differen

FIG. 24

EXAMPLE OF FIVE - LINE TRANSMISSION

FIVE - LINE
TRANSMISSION
PATH

RECORDING
INFORMATION

LINE #1
LINE #2

LINE #3 —
(=LINE #1)

L"".

LINE #4
(= LINE #2)

LINE #5
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16.
step -of supplying a
difference and equa
plurality of paral

recording method ac
changes in sai.d pluf
plurality of paral

A data recording net hod accord| ng to cI a| m 13

qiie3st-o

conpri SI oRE a
e diff | %‘lﬁj\g‘})endl ng on the
: JaCent o said
ansmi sst on' cabl e. 17. A data

the tine interval o

sai d adj acent _v_ | ues of dat

met hod accordi ng to crarm

s
o

n said tim

he time interval of signal

| gnal RERWTHVENTtIOIRRISd S

dalike-isiat d-east twiGe.q
A dat a. rae:or di. QQ_ 33
ecti-on, Step has. -

N oged .

step of logically calculating said parallel dat hgw ng sal d.di ffer
phases of signal inversion, and generating a sighal (ENL) indicatifg
CLAIM: DATE OF RECEIPT ....s(14

1. A data recording system for recording data in a recording medium,

comprising:

a signal processor including an input circuit to which data is supplied and a

clock generator generating a sequence of pulses, thereby providing said data with

different phases of signal inversion in the form of parallel bits of data, each of

said bits having mutually different inversion timings;

a transmission cable connected to said signal processor to fransmit said

parallel data having said different phases of signal inversion; and

a disk enclosure including a converter connected to said transmission cable

to convert said paral]el data into serial data, data record and reproduce heads
connected to said converter, and a recording medium.

2. A data recording system according to claim 1, wherein said transmission
cable isl a plurality of parallel lines that are matched in impedance at the
junctions with said converter and said signal processor.

3. A data recordihg system according to claim 2, wherein said signal
processor has a parallel transmission processing circuit that generates a plurality
of logic values of data in séries, and supplies a plurality of inversion signals
each indicating one of said plurality of logic values to said plurality of parallel

lines.



33 different phases 5| gnal ‘\j and gener
i ndi cating which bit ‘w “R“ ata shoul d
19 A data reCOrdln osdihg to claim

correction step has a step of storing said paralle

di fferent phases of signal inversion at a certain {i
record clock and said parallel data at theggprecedi 1g timng pul se | ofated
just one pul se before said certain timng pul se, ant—a—step—of~Torrecting

the last bit of4,sai dﬁnﬁlt@rbﬁrdiﬁ?t Systim uetordinge ¢¢ Hldig B] Whesein Udaid t he
forward (N-1) bits of said parallel data, beginning with the front bit, at

sai d certain tigRhdgsd?Has § tifing dbHedtioniftuft f8C¢hah@ing the time interval of certain

signal changes within said clock generator.

5. A data recording system according to claim 2, wherein said signal
processor has a parallel transmission processing circuit supplying a plurality of
phase difference signals depending on the difference and equality between two
adjacent values of data to said plurality of parallel lines of said transmission
cable.

6. A data recording system according to claim 5, wherein the time interval
of signal changes in said plurality of phase difference signals supplied to said
plurality of lines 6f said transmission cable is at least twice the time interval of
said two adjacent values of data.

7. A data recording system according to claim 4, wherein said timing
correction circuit has a retrieval logic circuit that logically calculates said parallel
data having said different phases of signal inversion and generates a signal
(ENL) indicating which bit of said parallel data should be made to lead or lag.
8. A data recording system according to claim 7, wherein said timing
correction circuit has stofage means for storing said parallel data having said
different phases of signal inversion at a certain timing pulse of said clock
generator and said pafallel data at the preceding timing pulse located just one
pulse before said .certain timing pulse, a converting circuit for converting parallel
data to serial data, and a correction circuit for correcting the last bit of parallel

data at preceding timing pulse and the forward (N-1) bits of said parallel data



g ecord clock. 20. A data recording]mthod
according to claim 13, wherein said parallel datathaving said diffefent
phases of signal inversion never cause stHte trandition at the samedtimng

pul se of said record cl ock., signal (ENL), i ndicating ich, bit of said
parallel data & aersaénmgtwfaeéﬁs%*rqca .clocl?(}or el oord. iming on the

‘basis of a pattern of the two bits of said parallel data at said preceding timing

their record th a pattern of tREPLagEME\ngiE:E d . |
paral kel data at said prm i.mi ng pul se of sdi'd record cl ock

begi nning with t mm\\ the, N birts of saijd|pab&FEB W alal said
certain timng. p "

pulse of said record clock and the N bits of said parallel data at said certain
timing pulse of said clock generator.
9. A data recording system according to claim 1, wherein said signal
précessor has servo signal processing circuits for servo-processing an analoé
signal reproduced from said data record and reproduce heads.
10. '_A data recording system according to claim 1, wherein said disk
enclosure has a record clock for oscillating in synchronism with said sequence
of pulses generated by said clock generator.
11. A data recording system according to claim 10, wherein said record clock
changes an oscillaﬁoﬁ frequency in response to the position of said record and
reproduce heads on said recording medium along the radius.
12.  Adata recording system according to claim 1, wherein said parallel data
having said different phases of signal inversion never cause state fransition at the
same timing pulse of said record clock.
13. A data recording meﬁod for recording data on a recording medium,
comprising the steps of: |

supplying said data through an input circuit to a signal processor;

generating a sequence of pulses from a clock ggnei‘ator;

supplying data with different phases of signal inversion, provided from said
sequence of pulses, in the form of parallel bits of data to a transmission cable

of a plurality of parallel lines, each of said bits having mutually different



19. A dat recordl n ccording to cl af
timng correction m Wﬁ&&‘gf storing said

cértain timng pul\m ecotd clock and said
preceding timng putse®located just one pul se bef gr &
pul se, and a step of correcting the last bit of sgi ﬂ
preceding timng pul se and the forward (l\pl) bi t s jof
beginning with the. front bit, at said certain tinjng pulse of sai d
clock for thei FIVETSion Wmings; A8 on the basis of a paTTETTof—t-he—twe

said parallel data at said preceding tim ng pul se of said record
: receiving said parallel data by 'a disk enclosure including data record and

reproduce heads and a recording medium, and then converting said parallel data
into serial data.
14. A data recording method according to claim 13, further comp;ising:

a step of generating a plurality of logic values of data in series from said
signal processor; and

a step of supplying a plurality of inversion signals respectively indicating said
plurality of logic .values to said plurality of parallel lines.
15. A data recording method according to claim 14, wherein said signal
.processor makes timing correction for the time interval of certain changes within
said clock generator. -
16. A data recording method according to claim 13, further comprising a step
of supplying épluraiity of phase difference signals depending on the difference
and equality between two adjacent values of data to said plurality of parallel
lines of said transmission cable.
17. A data recording mei_:hod.according to claim 16, wherein the time interval
of signal changes in said plurality of phase difference signals supplied to said
plurality of parallel lines of said transmission cable is at least twice the time
interval of said adjacent values of data.
18. A dat?. recording metho_d according to claim 15, wherein said timing
correction step _has a step of logically calculating said parallel data having said

different phases of signal inversion, and generating a signal (ENL) indicéting



clock, beginning with the last bit, and the N bi t';RF I/@MER;%SHE&T ‘data at -

sa%ﬂ gertal n tini ng pul se of said record cl ock. 2D. A data’Jrgcordi ng
met hod accor di ng m l“lu rei.n said parallgl datgF cdude state
transition at t_,hUl I1 | se of said record il ock. EBV999
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different phases of signal inversion, and generating a signal (ENL) indicating
which bit of said parallel data should be made to lead or lag.

19. A data recording method according to claim 18, wherein said timing
correction step has a step of storing said parallel data having said different
phases of signal inversion at a certain timing pulse of said record clock and said
parallel data at the preceding timing pulse located just one pulse before said
certain timing pulse, and a step of correctiﬁg the last bit of said parallel data at
said preceding timing pulse and the forward (N-1) bits of said parallel data,
beginning with thg front bit, at said certain timing pulse of said record clock for
their record timing on the basis of a pattern of the two bits of said parallel data
at said prece&ing til_ﬁing pulse of said record clock, beginning with the last bit,
and the N bits of said parallel data at said certain timing pulse of said record
clock. |

20. A data recording method according to claim 13, wherein said parallel data
having said different phases of signal inversion never cause state transition at the

same timing pulse of said record clock.



