15 ' OPTICAL_DATA STORAGE AND RETRI EVAL. SYSTEM AND NETFRR =res
Background of %& Invemtlon This invention relates to digital data st or age
and 20 ret MEAPANd,: more particularly, an optical data stoVAGe¥QYs
retrieval’ systen1and nethod Recor dabl e/ erasabl e optical disks are
-currently available for use - as data storage nedia.
Megnet o- opti cal recording is the techni que conmmonly 25 used to store the
data and/or retrieve the data fromthe disk. During recording a magretic
field orients the polarity of a generalized area on the disk while a |aser
pul se heats a |l ocalized area thereby fixing the
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15 OPTICAL DATA STORAGE AND RETRIEVAL

SYSTEM AND METHOD

Background of the Invention
This invention relates to .digital data storage and
20 retrieval and, more particularly, an bpticql data
storage and retrieval system and method.
Recordable/erasable optical'disks are currently
available for use as data storage media.
Magneto-optical recording is the technique commonly
25 used to store the data and/or retrieve the data from
the disk. During recording a magnetic field orients
the polarity of a generalized area on the disk while a
laser pulse heats a localized area thereby fixing the
polarity of the smaller area. The localized area with
10 fixed polarity is commonly ca;led a pit. Some encoding
systems use the existence or absence of a pit on the
disk to define the recorded data as a "1" or wg®
respectively. The most commonly used encoding system
for this pit type recording is the run length limited
35 (RLL) 2,7 code because it gives the highest data to pit
ratio. This type of recording, however, does not lead
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polarity of the smaller area. The localized area wi th 30 fixed polarity
is comonly called a piT. Sonme encodi ng systens us€ the existence or R

ahsence of a'g%%gﬂguhge disk to define the recorded data as a "&{ 10Q0

. T 23
respectively. e nost commonly used encoding systemfor this S. "%%%@ 923

~recording is the run length limted 35 (RLL) 4.7 code because it gives
the highest data to pit ratio. This type of recordi ng, however, does not

| ead -2- 1 1t 0 hi gheakigiais densh ey abesadd® lanpideuaddahd N i3 NP hdk§sns
' ‘deteriorate very rapidly as frequency is increased.

summary of the Invention _
5 _ According to a feature of the invention, a method
for storing and retrieving digital data on an optical
. disk is provided. For writing on the disk, a binary
signal having first and second binary values at a given
clock interval is generated. Energizing pulses that
10 have a duration less than the clock interval are
generated during each clock interval having one of the
binary values. The energizing pulses turn a laser beam
on and off depending on the value of the binary signal.
The laser beam is focused on a recording surface of a
15 rotating disk such that the laser beam can selectively
access one of a plurality of concentric or spiral

tracks on the recofding surface.

For reading data on a disk, a focused laser beam
is directed at the recording surface of a rotating
20 optical disk such that the laser beam can selectively
access one of a plurality of tracks on the recorded
surface. The rotation of the laser beam reflected off
of the recorded surface is detected by means of Kerr
rotation. A change in Kerr rotation to the first type
25 represents the first binary value. A change in Kerr
rotation to the second type represents the second
binary value. A binary signal that represents the
binary values that occur at a clock interval generated
from the occurrences of the binary values and changes
30 in rotation occurring at boundaries of the clock
' interval is generated. .
An apparatus for recording data on an optical disk
is provided. A source originates digital data at a
given clock interval. A circuit converts the ‘data to
as a binary signal having first and second binary values
at a given clock interval and representative of the
data. A pulse generatof produces energizing pulses
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deteriorate very rapldly_as frequency is increased—Sunmary of the
tnvention 5 Accordlng to a feature of the invention, a_nethod for
storing and r‘%??r/e\'ifhg digital data on an optical disk is prO\VCEébS9'ﬁB?"
witing on the disk, a binary signal having first and second binary val ues
at a given clock interval is gener at ed. EnergiZPﬁg pul ses that 10 have a

duration | ess than theyglgk i1t GLakighe generalad duringeasheelock cor

i nterval having one of i nary val ues energi zi ng pul ses
| aser beam on and of f Gep¥REted data heviaguthef firet Minary vagwel . ATHeser

| aser beamis focused eBnOr6ELéF Hipil ids khecefbérgiding pulekst tH0a dla'id'iarSHGh
that the |aser bean]ca@urgl%ﬁtl¥oc¥sed laser beam on and off responsive to
5 the energizing pulses. A circuit directs the laser at
a recording surface on a rotating optical data storage
disk, such that the laser beam can selectively access
one of a plurality of tracks on the recording surface.
An apparatus for reading data on an optical disk
10 is provided. A circuit rotates an optical data storage
disk having a recorded surface. A controller directs
a laser with a focused beam at the recorded surface

such that the laser beam can selectively access one of

a plurality of tracks on the recorded surface. A
15 circuit detects the rotation of the laser beam
reflected off of the recorded surface. A decoder

converts changes in rotation of a first and second type
into first and second binary values respectively. A
circuit generates a binary signal that represents the
20 " binary values that occur at a clock interval generated
from the occurrences of the binary values and changes
in rotation -occurring at boundaries of the clock
interval
An 6ptical data storage and retrieval system is
25 provided with data recording and reading utilizing cell
boundary transition codes, special signal processing
and control of write pulses. Specifically, a data
encoder encodes digital data in a <code where
transitions occur only at cell boundaries. A cell is
30 defined as the encoded bits that repreéent one data
bit. For example, in RLL 2,7 bits can be recorded at
the cell boundary or at the center of the cell. The
detection window is +/- 25% of a cell. Preferably in
this invention a pulse group code recording (GCR) 8/9

35 code is used. Because eight data bits are encoded into
nine bits, a cell is effectively defined as one data
bit. For this invention, a cell will occur at each
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access one of a plurality of concentric or spiral t.racks on the recording
surface. For readi ng data on a disk, a focused |aser beamis directed at
the recordi ngwoigfanesof -a rotating 20 optical disk such thptrAUse2/hseer
beam can sel ectively access one of a plurality of tracks on the recorded
surface. The rotation of the |laser beamrefl ecteg-off of the recorded
surface is detected by neans of Kerr rotation. A change in Kerr rotation to
the first type 251 r epredjenintarnvalf.i r Thebdetegt vah ueindo dezogesi n/Keb0%

rotation to the second §ypend epELEENt fuldiferift@)d dieN R %?buéode A1bbpary

signal that represents e, bipary val ues that occur at a clock interval
gegerated P irhiteé] aﬁber of consecutgve zeros, e.dq. hree,aeven

across word boundaries. This code also contains self

5 clocking. ' B '
With certain data patterns, the timing margin can

be enhanced. A monitor that looks for data sequences

which match these predetermined data patterns is
included. When one of these'data patterns occdr, the

10 laser is pulsed earlier, preferably 4 to 6 nanoseconds.
Under normal writing the laser is pulsed uniformly.

With some data patterns an increase in effective write

power creates better defined edges. A second monitor

looks for these data sequences and when one occurs, the

15 laser will not be pulsed off as it would under other
data patterns. Thus the effective write power is
increased.

To reduce the asymmetry of the rise and fall of an
isolated pulse, signal precessing will be performed for

20 reshaping the read data waveform. For example, the
pulse will be narrowed and amplified. The preferred
embodiment differentiates the amplified read waveform.
The amplified signal is summed with its derivative
resulting in a narrowed and symmetrical.

25 For lower frequency signals, the pulse slimming
will produce overshoot. Because this overshoot is
predictable, the threshold of the read circuitry can be
increased momentarily to prevent false data reads. A
monitor will monitor the reshaped waveform and upon the

30 occurrence of an overshoot the monitor will increase
the threshold of the read waveform detector.

According to another feature of the invention, an
optical data storage and retrieval system is provided
with downward compatibility from a high density

35 recording format to a low density ANSI format.
Specifically, a first write encoder encodes digital
data in a first, preferably high density format. A
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fromthe ocgquenges of_Lh$ bknarr val ues and changes 30 in rotation
occurring at boundaries of the clock interval is generated. us
, TR

for recordiny

an optical disk is provided. A sourc

digital data at a given clock interval. A circuit converts the data to 35
having first and second binariﬁialues at a given cl ock
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i.e. ANSI format. A first read decoder decodes digital
data from the first format. A second read decoder
decodes digital data from the second format. A disk
drive receives a 90 millimeter replaceable optical
disk. A read/write head reads encoded data from and
writes encoded data to a 90 millimeter optical disk
received by the drivé. In a first mode, the first
encoder is connected between a source of digital data
and the read/write head, and the first decoder is
connected between the read/write head and utilizing
apparatus. In a second mode, the second encoder is
connected between the source and the read/write head,
and the second decoder is connected between the
réad/write head and the utilizing apparatus. Control
electronics switches between the first and second
modes, depending upon the format in which data is
recorded on the disk received by the disk drive. As a
result, the system can exploit high density recording
formats, while achieving downward compatibility to the

'low density ANSI format. Thus, data stored in different

formats can be stored and retrieved in a single system
that employs the same read/write head and disk drive.

According to yet another feature of the inventibn,
the first and second formats are organized into sectors
having the same number of bytes, there being more
sectors in the first format than in the second format
in accordance with the higher density. As a result,
the same interface electronics can be employed to store
and retrieve data in both formats.

—_—
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having a duration |less tiftan a clock interval for converted data having the
first binary value. A l'aser controller applies the energi zing pulses to a

| aser to turnwidwe/inessed | aser beam on and off responsive to fcrsusedAdsyas
energizing pulses. A circuit directs the |aser at a recording surface on a
rotating optical data storage disk, such that thge.laser beam can

sel ectively access* ane of a plurality of tracks on the recordi ng surface.

An apparatus for readi if Deaeraptdphi 6fltik Jrallings i S provided. A

circuit rotates an opti cal qﬁ{cﬁ t I sk | rded syr.face
controller directs a laser with 3 ?%%g’é%c%e%m%%ﬂ?ﬁ%*gggr%é% ?&rl agc%aé‘
such that the | aser beaff¥ATSsANEcrrEELGVAL CBELie of

FIG. 2 is a series of waveforms showing uniform

5 laser pulsing under a pulsed GCR format and non-uniform
laser pulsing under an RLL 2,7 format; '

FIG. 3 is a series of waveforms showing laser
pulsing for various data patterns adjusted by the write
compensation circuit;

10 FIG. 4 is a schematic diagram showing the write
compensation circuit; '
_ FIG. 5 is a series of waveforms showing laser
pulsing for amplitude asymmetry correction;

FIG. 6 is a'. schematic - diagram showing the

i5 amplitude asymmetry correction circuit;

FIG. 7 is a block diagram showing the basic
relationship of elements of the pulse slimming means;

FIG. 8 is a series of waveforms showing threshold
adjustments by the dynamic threshold circuit; '

20 FIG. 9 is a schematic diagram for the dynamic .
threshold circuit; and _

FIG. 10 is a schematic block diagram of an optical
data storage and retrieval system incorporating
downward compatability.
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a plurality of tracks on the recorded surface. A 45 circuit detects
the rotation of the; laser beamreflected of f of the recorded surface.
A decoder corM@MR&@1t¥anges in rotation of a first and second tREIELSRIBs
first and second binary val ues respectively. A circuit generates a binary
signal that represents the 20 bi nary val ues t/ltat occur at a cl ock

I nterval generated from he 0 currenpes of th% b| .nd_c anges in

rotation occurrifg at BSGR&aEF . 4§ At a

storage and retrieval systeﬁm EIQS 1, dprongdde \Mrtmedmo&er @cdat!angoumda 10
reading utilizing cell {HQuadaey tdaA3SitdORAnCosSoaePessal St aknREREESTHNY

converts the binary data into binary code bits. The

5 code bits are then transmitted to a 1laser pulse

generator 14 where the code bits are converted to

energizing pulses for turning a laser 16 on and off.

In the preferred embodiment, a code bit "1" indicates

that the laser will be pulsed on for a fixed duration

10 independent of the code bit pattern. However,

depending on the laser and optical medium being used,

" performance may be enhanced by adjusting the occurrence

of the laser pulse or by extending the otherwise

uniform pulse duration. The cutput of laser 16 heats

15 localized areas of an optical medium 18 which is being

exposed to a magnetic flux that sets the polarity of

the magnetic material on the optical medium 18. During

reads of the optical medium, a laser beam is impinged

on the surface of the medium. The polarization of the

20 reflected laser beam will be dependent upon the

- polarity of the magnetic surface of the optical medium.

During the read mode, the reflected 1asef beam

will be inputted into an optical reader 20, where the

read code output will be sent to the waveform processor

25 22. The processed read code will be sent to a decoder

24 where output data will be transmitted to a data
output port 26 for transmission. _

FIG. 2 depicts the differences between the laser

pulsing in GCR 8/9 and RLL 2,7 code formats. In GCR

30 8/9, a cell 28 is defined as a code word corresponding

to a data bit. For GCR 8/9, a cell is equal to one

data bit. Thus, cells 30 through 41 éach correspond to

one clock period 42 of clock waveform 45. For a 3%"

optical disk rotating at 2,400 revolutions per minute

35 (RPM) with a storage capacity of 256 MBYTES clock

period 42 will typically be 63 nanoseconds or a clock

frequency of 15.879 MHz. GCR data waveform 47 is the

[
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and control of wite pulses. ~Specifically, a data encoder encodes
digital.- data in a code where transitions occur only at cell

bundaries. A /21 5<30 defined as the encoded bits that r ne
data bit. Forwg%ﬁlll) e, in RLL 2,7 bits can be recorded at the‘i?erffﬁyoz’g"

boundary or at the center of the cell. The deteclgion windowis +/- 25%of a
cell. Preferably in this invention a pulse group code recording (GCR) 8/9
35 code is used. Beenusge@i gBht4lat dubpht argognceded eRtea&knei1bits, @
cell is effectively defined as ons datgtl_olt. For this,i nventéom 2 cel |
will occur at each represéntative data $Sequence 1s depicted ih FIG.
The code data sequence 011110100110 is shown in GCR
data 50 through 61 where GCR data 50 is a "0". GCR
5 data 51 is a "1". GCR data 52 'is a "1" and so forth

for GCR data 53 through 61. Pulse GCR waveform 65 is

" the output from laser pulse means 14 inputted into
pulse laser 16. Pulse GCR waveform 65 as shown has not

been adjusted in time or duration to reflect

10 performance enhancement for specific data patterns.
Pulse GCR 67 through 78 reflect no pulse when the
corresponding GCR data 47 is "0" and reflects a pulse

when GCR data 47 is a "1". For example, pulse GCR 67

has no pulse because GCR data 50 is a "0". Conversely,

15 pulse GCR 68, 69, 70 and 71 show a laser pulse because
GCR data 51 through 54 are a "1" respectively, and
similarly for pulse GCR 72 through 78. Under the
depicted uniform scenario, pulse GCR pulsewidth 79 is
uniform for pulse GCR 68, 69, 70, 71, 73, 76 and 77.

20 For the preferred embodiment this pulsewidth is 35
nanoseconds. Each laser pulse corresponding to pulse
GCR waveform 65 creates a recorded pit 80 on optical’
medium 18. Recorded pit 82 corresponds to pulse GCR

68. Recorded pit 83 corresponds to pulse GCR 69.

25 Similarly, recorded pits 84 through 88 corresponds to

pulse GCR 70, 71, 73, 76 and 77, respectively.

Because of thermal dissipation and spot size on

the optical medium 18, the recorded pits 80 are wider

in time than pulse GCR 65. Successive recorded pits 80

30 merge together to effectively create a larger recorded
pit. Thus the elongated recorded pit has a leading

edge corresponding to the first recorded pit and a
trailing edge corresponding to the last recorded pit.

For example, the pit created by recorded pits 82

35 through 85 has a leading edge from recorded pit 82 and
a trailing edge from pit 85. Under the GCR 8/9 data
format, a riéing edge corresponds to a "1" while a
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-4- clock interval. The-detection w ndow beconmes +f- 50% of the cell.

Fur't her nor e, \t;:g GCR_8/9 code allows a |imted nunber of conseﬁg}lvg zer os,
e,g. three, & ﬁ 3t8ss word boundaries. This code al so cont af hY ' Sap3%=
clock| ng. Wth certain data patterns, the timng margin can be enhanced. A
nonitor that | ooks for data sequences which ma’['gﬁ t hese predeterm ned data

paLLErTS s LIt bUeT MPRD O dlod R gbRagnioo ROt Sl A anca
witing the | aser is pg¢ Leernn kgﬁlﬁwyas shown by GCR data 51 through 55, a
rising edge occurs for the first "1" as shown by
recorded pit 82, and, at the end of the GCR data 54, a
5 trailing edge occurs as shown by recorded pit 85,
because GCR data 55 is a "i%,
Playback signal 90 will be low when recorded pit
80 shows no pits. At the 1leading edge of a pit,
playback signal 90 will rise and remain high until the
10 trailing.edge of the.pit is reached. The signal will
go low and remain low until the next pit. For example,
playback signal 91 is low because GCR data 47, which is
a "0", did not create a pit. At the front edge of
recorded pit 82, playback signal 90 has a rising edge
15 as shown in playback signal 92. Playback signal 90
will then remain unchanged until a trailing edge occurs
on a recorded pit. For example, because recorded pits
83 and 84 show no trailing edge, playback signal 93 and
94 remains high. The signal remains high during
20 playback signal 95 because of recorded pit 85.
However, because GCR data 55 is a "0", recorded pit 85
creates a trailing edge. Thus, playback signal 56
decays. The signal will decay to 0 until a recorded
pit occurs creating a rising edge. Thus, with the
25 occurrence of recorded pit 86, which corresponds to GCR
data 56 being a "1", playback signal 97 rises. Because
there is no immediate successor to recorded pit 86 when
GCR data 57 is a %"o", playback signal 98 decays.
Playback signal 99 remains low because there is no
30 recorded pit when GCR data 58 is a "O". - With GCR data
59 and 60 being "1", recorded pits 87 and 88 overlap
creating one larger pit. Thus, playback signal 100
rises and playback signal 101 remains high. Playback
signal 102 falls at the trailing edge of recorded pit
35 88 when GCR data 61 is a "“o“.
For RLL 2,7 a cell consists of two data bits which
corresponds: to two clock periods 121 of 2F clock

—_—

This Sheet Has Been R,

(i IIII i Iﬂl



Wth sone dat.a patterns.an increase in effective wmTte power creates better
defined edges. A second nonitor |ooks for these data sequences and when one
occurs, the W992/21138er will not be pulsed of f as it woul d URCRLSH/DINS

data patterns. Thus the effective wite power is increased. To reduce the
asymmetry of the rise and fall of an isol ated-p@tse, signal processing wll

be performed for 20 ° resha in? the read data waveform_ . For exanple, the
pul se will be na}rowed"aa‘?‘r’(f%ﬁ‘p $?ed. Fohe2preter MBYTENH§KmerAn RLL 2,7
differentiates the anpnddddehgr €atmarwefldr meqlihee an2lFi £1eck Fuzal wistsupied

with its derivative resulid ndnhRoBeB8hd9 G 2RYos¥ FRIJUSYY of 28.23 Muz.
The calculation of this value is straightforward. 1In
5- order to maintain the same disk density, the Gck 8/9
and RLL 2,7 encoding formats must contain the same
amount of information in the same recofding time.
Because two code bits are required per data bit, the
RLL 2,7 format requires a clock frequency twice that of
10 the data bits of the GCR data. The GCR data format
records nine bits of code bi-:z per eight bits of data.
Thus, the GCR data bit cleck is nine-eighths of the
clock period 42. Thus, for a GCR clock period 42 of &3
nanoseconds, the RLL 2,7 pulse width 121 must be 35.4

15 nanoseconds in order to maintain the same disk density.
The RLL 2,7 data waveform 122 reflects two code
bits per cell. For example, RLL 2,7 data 124 shows a
data pattern "00" while RLL 2,7 data 125 shows a data
pattern "01". 1In this data format, -a "1" represents a
20 transition in data. Thus, 2,7 data 125 goes high when
the "1" occurs in the data pattern.  Similarly, RLL 2,7
data 126 goes low when the "1" occurs in the data
pattern. While a "0" oc:murs- RLL 2,7 data 122 remains
in the same state. Pulsed 2,7 waveform 137 reflects
25 the pulsing of laser 16 corresponding to RLL 2,7 data
122. Thus, for 2,7 data 125 and 126, during the period

when that signal is high, pulsed 2,7 waveform 140 and
141 is high. Because of the thermal elongation of the
pit, pulsed 2,7 waveform 141 goes low prior in time to
30 RLL 2,7 data 126. For longer data patterns of "0", the
pulsing must remain on. For example, during the data
pattern "10001" as shown in RLL 2,7 data 128 and 129,
pulsed 2,7 waveform 143 and 144 remains high longer
than pulsed 2,7 waveform 140 and 141. For data
35 patterns of successive "0", the pulsed 2,7 waveform 137
can be pulsed as separate pulses. For example, for the
data pattern "“1000001" RLL 2,7 data 132, 133 and 134

l
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25 . For | ower fregquency signals, the pulse sHnmng wll produce
over shoot . |

ause this overshoot is predictable, the thres Qb
r ead C|rcyitP§8§&ﬁ‘H@ i ncreased nonentarily to prevent false gg#gjﬁéé = A
monitor will nonitor the reshaped wavef orm and upon the 30 occurrence of

an overshoot the nonitor will increase the thr"elslh"ol d of the read waveform

detector. According to_gpogh f Le | | I.cal
storage and retr iteval gy{s:l::)%m %léﬁ)\%ndggavf%ﬁa%\%ﬂrl%egoﬁﬁa%‘ﬁ?‘tnygg?'%?n a
hi gh density 35 rec8rdi A7 fHA&e@nd 24%-a |low density ANSI format.

Specifically, afirst witeagnergdernencor ey difginat , dpécoridedapit rsé shows
preferably high dens't¥h29£g§téloné§tion. For example, recorded pit 162 is
5 wider in time than the pulse from pulsed 2,7 waveform
140 and 141; similarly for recorded pit 163. Physical
limitations of existing lasers and optical disks
prevent recorded pit 163 from being recorded in two
successive pulses at 2F clock 120 frequency. Thus, for

10 these intermediate size pits, the thermal accumulation
distortion effects will be greater than in either
recorded pit 162 or the combined recorded pits 164 and

165. Again, playback signal 167 depicted by playback
signal 168 through 174 goes high on leading edges of

15 recorded pits 160, decays on trailing edges of recorded
pits 160 and remains constant during the presence or

absence of pits.

The pulsed GCR code can be improved by correctiﬁg
predictable position shifts. FIG. 3 shows the timing .

20 diagram for the write compensation of the laser pulse
. . generator 14. Experimental testing showed that
recording early when. the laser 16 is off for two bits

or greater enhances performance. Clock waveform 176 is

the code bit clock used for clocking data 177, 203 and

25 229 which show the worst case data patterns for
enhancement. Other patterns can be corrected but will
suffer in signal amplitude. Data 180 through 184
corresponds to the data seguence "10100". The
uncompensated pulse waveform 188 through 192

30 corresponds to this data pattern without write
compensation. Uncompensated pulse waveform 189 and 191

occur in the second half of the clock period. After

write compensation, the output of laser pulse generator

14 corresponds to compensated pulse waveform 185 where

35 compensated pulse waveforms 197 and 198 remains
‘ unchanged'and a shortened off-period for compensated
pulse waveform 199 provides an earlier compensated
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1 second write encoder encodes digital data in & second, i.e. ANS|
format. A first read decoder decodes digital data fromthe first format.
A second readwgdeppdess decodes digital data fromthe second forR@EVLSE/E93Kk 5

drive receives a 90 mllineter replaceable optical disk. A read/wite head
reads encoded data fromand wites encoded dataite a 90 mllineter optical
di sk received by the drive. In a first node, the first encoder is

connect ed between a- so_@ﬂ.seofwaﬁejdrai Zded a 1Puringndconrenseigdwriuleena2Rt .
and the first decoder ijSger 16 remains off for a longer duration than

uncompensated pulse 192. Similarly for data 206
through 209 corresponding to data pattern "1100"
5 uncompensated pulse waveform 211 would be-  off for

uncompensated pulse waveform 213 followed by two pulses

uncompensated pulse waveforms 214 and 216. Again, the

write compensation circuit adjusts compensated pulse

. wave form 220 so that compensated pulse waveform 225

10 will occur closer in time to compensated pulse waveform

223 so that —ompensated pulse wavefcrm 224 is shorter

than uncompensated pulse waveform 215. Finally, data

231 through 235 corresponding to the data pattern

“00100" has uncompensated pulse- waveform 237 occurring

15 at uncompensated pulse waveform 240. Write

compensation would move compensated pulse waveform 243
earlier in time to compensated pulse waveform 246.

FIG. 4 shows the schematic diagram of the write

compensation circuit which comprises data pattern

20 monitor 248, write compensation pattern detector 249

and delay circuit 269. Data pattern monitor 248 is a

serial shift register that sequentially clocks encodéd

da-: from encoding means 12. - The last six clockeZ in

da: - bits are sant to write compensation pattern

25 detactor 249 where .they are anaiyzed for determining

whether to pulse the laser earlier than normal.

Data'pattern monitor 248 consists of data seguence

D flip flops 250 through 256. Encoded data is input

into the D port of data sequence D flip flop 250 whose

30 Q output WD1 becomes the input of the D port of data

sequence D flip flop 251. This clocking continues

through data sequence D flip flops "252 thrbugh 256

whose.Q output WD?7 is the data sequence delayed by

seven clock pericds from when it was first input into

35 data pattern monitor 248. The Q outputs, WD1, 4WD2,

WD3, WD4, and WD5 of data sequence D flip flops 250

through 255, respectively, represent the last six of
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connected between the read/wite head and utilizing—apparatus. In a second

node, the se Qder is connected between theé Source and Iwite
head, and thgeég%@ﬂ@°decoder i's connected bet Ween t he 15 é&@/ﬁr P39%ead

and the utilizing apparatus. Control electronig¢s swtches between the-
first and second nodes, depending upon the fori in which data is recorded

on the disk recejved byhér¥%§¥5§g¢yﬂ HStaA§1€s ﬁbﬁéteéi}%ﬁ%y%tggkﬁaﬂa€é ploit

hi gh density recording 20 formats, whi achievin
conpatibility to the |BIRHeHsi 248 ANSI ‘?’b‘r%ra?leRﬁs cPaHea SeRf edoi p write
different formats can tempérmadoandpatterevaibtievtarsi pgd e wiyateemthbgt are

enpl oys the sane fead/&ﬂﬁﬁé&é&*ﬁ%‘%&%d@kﬁ%mgﬁéaeaata patterns, and, if they

' 5 match, an enable write signal is sent to a delay

‘circuit 269 to indicate that the laser pulse is to
occur earlier than normal. '

The first data pattern is detected by inverting

the Q data WD1, WD2, WD3, and WD4 from data sequence D

10  flip flops 250, 251, 253 and 254 through data inverters

260, 261, 262 and 263 respectively. The output of

these inverters is AND’d with the output from data

sequence D flip flop 252 in detect AND gate 264. Thus

when a sequence "00100" occurs, the output of detect

1s AND gate 264 goes high indicating that a detect of the

data pattern occurred. Similarly, the second data

pattern is detected by inverting the Q output WD2, wWD2,

and WD4 from data sequence D flip flops 250, 251, and

253 through the data inverters 282, 283, and 284

20 respectively and ANDing with the outputs, WD4 and WDé

- | of data sequence D flip flops 252 and 254 in detect AND

gate 286. Thus, a data pattern of "010100" will

trigger a high from detect AND gate 286 indicating a

detect. The third data seguence is detected by

25 inverting the Q output WDl and WD2 from data sequence

D flip flops 250 and 251 through data inverters 287 and

288 and ANDing with the Q output WD3 and WD4 from data

sequence D flip flops 252 and 253 in data detect AND

gate 289. Thus the data pattern of "1100" will trigger

30 ‘a detect from detect. AND gate 289 indicating the

presence of the data. The data pattern detect output

of detect AND gates 264, 286 and 289 is OR’d in

detected pattern OR gate 266 whose output goes high

when one of the three data patterns is detected. The

35 detected pattern output is clocked in enable write D

' flip flop 268 where Q output, enable write signal, is

then sent to delay circuit 269.

—— .
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According to yet anot her—f eat ure of the I nvention, 25 the first and _ .
second fornats are organi zed into sectors having the same number of byt es,
t here bei ng nWOP24Bd2ors in the first format than in the secof§H bpie3fnh
accordance with the hi gher density. As a result, the sane interface

el ectroni cs can be enployed.to store 30 and~ iétrieve data in both
f.ormat s. 1 Bri ef Descr

di agr am showi ng the opticalDﬁggglg?ﬁ?ﬁbéhgﬂgxgm%?gz5g}6§§é?%ﬁﬂ adtd ghtp“t

10

15

20

25

30

35

WD4 of data sequence D flip flop 253 and simultaneously
inputs it into delay line 276 and not delay select AND
gate 274. The delayed output of delay line 276 is
inputted into delay select AND gate 272. The enable
write signal from write compensation pattern detector
249 will enable either delay select AND gate 272 or not
delay select AND gate 274. When the enable write
signal is low which indicates that one of the three
data patterns has not occurred, it is inverted by
enable write inverter 270. This allows the delayed
data from delay line 276 to be clocked. On the oth=zr:
hand, if enable write is high, which indicates that one
of the three data patterns has occurred, then the not
delay select AND gate 274 allows the transmission of
the data from data'sequence D flip flop 253 which is
undelayed. The output from delay select AND 272 and
not delay select AND gate 274 is OR’d in data OR gate
278 where it is outputted from delay circuit 269.
Although prior discussions about the write compensation
circuit or timing indicated that for the three data
patterns, the write pulse would occur 10 nanoseconds
earlier, in actual implementation, data is delayed 10
nanoseconds for all data but the three data patterns.
The delay of delay circuit 276 is set between 8 to 12
nanoseconds for the frequency of the preferred
embodiment.

When recording lower frequency data patterns, the
resultant magneto-optical signal has a slower rise time
than fall time. This causes the final output from the
waveform processor 22 to have degraded amplitude on
positive peaks which can be corrected by recording with
higher effective power at the leading edge of the data
pattern. For the preferred embodiment, the data
pattern "000111" will trigger a wide write signal
during the second "1" of the data pattern thereby
pulsing the laser during its normal off period.
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FIG 2 is a series of wavefornms showing uniform5-— [|aser pulsing under a

pul sed- GCR f d non-uni form | asér pul sing under an RLL 7 §s;
FIG 3is a sérl esilgf wavef orms showi ng | aser pul sing for varplgguLsggggitgg
patternjs adj usted by the wite conpensation C_I_{é:_UIt 10 FIG 4is a
schemati c di agram show ng the wite conpensation circuit; FIG 5 is a

series of wavef Qrns show nﬁn'ﬂf@r sDUI:%ag vfaﬁfef%%' 36?@@0&%”&1@&5 Waveforni
correction; FIG 6 is_a SSP i agram sho
Duﬁ G. 37

asymetry correction éPfc 28] B4 ﬁ%%g(?f"ga}"ﬁ’r'n %ﬁo%gﬁg t%‘ﬁe%ﬁggi c

pattern "000111". As depicted by data 305 through 310,
the laser pulse generator 14 generates pulse waveform
5 312 with pulses 314, 315 and 316 when data waveform 303
is a "1". During the second "1" of this data pattern,
the laser pulse generator 14 will turn on for the
increase power waveform 318 and generate-a'pulse 320.
The output laser pulse waveform 322 results from the OR
10 of pulse 312 and turn on for the increase power
waveform 318 that creates laser pulses 323, 324 and
325. Under normal operations, laser pulse 324 would be
off during the first half of the clock period.
However, under this particular data pattern, Xeeping
15 the laser on for the 1laser pulses 323 and 324,
effectively increases the power fifty percent ‘during
this time period.
In FIG. 6, amplitude asymmetry correction circuit
291 generates the write wide pulse 292 which will be
20 OR’d with the laser pulse output from delay circuit 269
in laser pulse OR gate 280'resulting in laser pulse
waveform 322. The data pattern monitor 248 operates as
shown- in FIG. 4. The Q outputs WD1, WD2, WD3, WD4,
WD5, WD6 and WD7 of data sequence D flip flops 251
25 through 256 are inputted into the amplitude asymmetry
correction circuit 291 where the outputs WD5, WD6, and
WD7 of data sequence D flip flops 254, 255 and 256 are
inverted in data inverters 293, 294 and 295
respectively. The outputs of data inverters 293, 294
30 and 295 and data sequence D flip flops 251, 252 and 253
are AND’d in detect AND gate 296. The output of detect
AND gate 296 indicates a detected pattern form "000111"
which will be clocked out of write wide D flip flop 297
at the next clock 301.
35 The waveform output of the optical reader 20 will
be degraded as a function of frequency and data
pattern. amplitude and timing can be enhanced by

T ———
—
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rel ationship of el ements—ef the pulse slimmng means; FIG 8 is a seri es_df
wavef or ms showi ng threshol d adj ustments by the dynamic threshold circuit;

20 FIV® 9221t 125a schemat i c di agram for the dynanic t hr eBRE{EPR B ¢ ;
and FIG 10 is a schematic bl ock diagramof an optical data storage and
retrieval system incorporating downward conpat&bility. 25 30 35

L]

1 processing the signal through the waveform processor
22. The asymmetry of the rise and fall times of an
isolated pulse can be improved by summing an equalized
differentiated signal with its derivative. 1In FIG. 7,

S magneto-optical signal 327 is differentiated by a
differential amplifier 329. The differentiated signal
is inputted into an equalizer 331 where it is equalized
'by S DB in the preferred embodiment and the amplitude
is equalized as a function of frequency. The

10 derivative of the equalized. signal is taken by a

' derivative processor 333 and summed with the equalized
signal-in an adder 335. The output of the adder 335 is
the read signal 337.

FIG. 8 shows the timing diagram for the dynamic

15 threshold circuit shown in FIG. 9.

Read signal 337 will contain an overshoot produced
by the pulse slimming. Because this overshoot is
predictable, the threshold for the read circuitry can
be increased during the overshoot to prevent false data

20 reads during positive peaks 339, 340, 341 and 342, and
during negative peaks 343, 344 and 345 of read signal
337. Threshold waveform 348 is sw:.zched high during
positive peaks. Threshcld waveforms 349, 350 and 351
are high during positive peaks 339, 340 and 341.

25 Threshold waveforms 352, 353 and 354 are low during
negative peaks 343, 344, and 345. Each peak, whether
positive or negative; of the read signal 337 generates
peak waveform 356 which is a short clocking pulse that
occurs shortly after the read signal 337 peaks. Peak

30 waveforms 339, 343, 340, 344, 341, 345 and 342 of the
read signal 337 generate peak waveforms 358 through
364, respectively.

Threshold waveform 348 is inputted into the D port
of threshold delay D flip flop 366. Peak waveform 356

35 clocks threshold waveform 348 through this flip flop.

| Delayed 'threshold waveform 368 is the Q output of
threshold delay D flip flop 366 which is exclusively

!
1
i
3
!
!
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-7- Detalled Descrlpthn_of the Specific Enmbodinments In FIG 1, during_the

-wite node, CSpUrcE 10 transnits data to an éencoder 12. der
12 converts ﬁgﬁ% éTy data into binary code bits. The 5 |§85g§@v3¥ﬁ9

are then transnmitted to a |aser pulse gener aj or 14 where the code bits
are converted to energizing pulses for turning a |aser 16 on and off. In

the preferred erﬁ’foodl MRyRlr g aleﬂd@héuéh Ja" 3'4@dhﬁa€€§eémtd-fe|§t%lh§§eé ok Idathe
pul sed on for a fixed _durati bi t

pattern. However, ddfendi ﬁ‘& Eﬁthil‘F'é%)g :{]&ndlsop'% é’l“‘tﬁgﬁl ﬂgn Blé‘f?‘l@h‘h]sded

exclusive OR gate 370. The EXOR signal 372 has twice
the frequency of the original threshold waveform 348.

5 The EXOR signal 372 is inputted into the D port of EXOR
D flip flop 374 where it is clocked at read clock 375.
F1 waveform 376 is the Q output of EXOR D flip flop
374. Read clock waveform 375 has a leading edge during
high pulsés of EXOR signal 372, except when EXOR signal

- 10 372 is low for more than one read clock waveform 375.
Thus, the F1 waveform 376 is high except for the time
between the first read clock 375 pulse after the EXOR
signal 372 is low for more than one read clock 375 and
the next EXOR signal 372 pulse.

15 F1 waveform 376 is OR’A with the EXOR signal 372
in envelope OR gate 378. The output of envelope OR
gate 378 is high excepﬁ_for the time from the first
read clock 375 after the EXOR signal 372 has been low
for more than one clock period until the signal 372

20 goes high again. The output of envelope OR gate 378 is
clocked through the D input of envelope D flip flop 379
which is clocked by read clock 375. The Q output of
the envelope D flip flop 379 is F2 waveform 381. The
F2 waveform 381 is high except from the second read

25  clock 375 period after the EXOR signal 372 goes low.
iintil the next read clock 375 clocks a high for the
EXOR signal 372. " The F2 waveform 381 is inverted
through the F2 inverter 383 and NOR‘d with the EXOR
signal 372 in dynamic threshold NOR gate 385 to produce

30 the dynamic threshold waveform 387. The dynanic

' threshold waveform 387 is high any time the EXOR signal
372 is low except when the F2 waveform 381 is low.
Thus, the dynamic threshold waveform 387 has an on-time
less than a half read clock 375 period except when the

35 EXOR signal 372 is low on the next read clock 375
period. For this exception, the dynamic threshold
This Sheet Has Been R
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performance may be enhaneed by adjusting the occurrence of the |aser pul se
-or “by ‘extendi ng the otherw se uniform pul se diration.” The out put of |aser
16 heats 15 wdexpaiikzed areas of an optical medium 18 which iBCH/&Sez03923
exposed to a magnetic flux that sets the polarity of .the magnetic materi al
on the optical medium 18. During reads of the emg+cal medium a laser beam
I.s 1 npinged on the surface of the nmedium The pol arization of the 20

reflected |aser 1beamwawdfiornhas? defryridvigh fpem thehengovfirtiney EXPRt pitgnal
nmagnetic surface of the3gphingah EREi §8toRAIHd¥E Id10ckeads pdse t he reflected

aver Deamwil ! be | nput (el Al | Lo BT e i o " Aleb U

forward or reverse bias a biasing diode 389. When

5 dynamic threshold 387 is high, biasing diocde 389 is

reverse biased. Conversely, when the dynamic threshold

waveform 387 is low, the biasing diode 389 is forward
biased.

When the dynamic threshold waveform 387 forward .

10 biases the biasing diode 389, the potential of the
filter bias signal 390 is higher by the junction
voltage of the biasing ciode 389. This potential is
0.6 volts for standard devices. The 5-volt supply
voltage drops across the limiting resistor 393 to the

15 potential of the filter bias signal 390, because the
voltage across the charging capacitor 394 is the
difference between the filter bias signal 390 and
ground. The charging capacitor charges up to this
potential which is also the base voltage of a

20 transistor 395. This turns on the transistor 395,
causing the voltage drop across a limiting resistor 392
to be almost 5 volts. Because the emitters of the

. transistors 395 and 396 are connected, the emitter
voltage of the transistor 396 is less than the 2.5-volt

25 baée voltage of the transistor 396. Accordingly, the
transisfor 396 is off so that the collector voltage
across the collector resistor 397 produces an increase
threshold waveform 399 which is low. The ' increase
threshold waveform 399 is the signal that increases the

30 threshold of the read signal 377 detector during
periods of overshoot.

When the dynamic threshold waveform 387 is high,
the biasing diode 389 is reversed biased, thereby no
longer grounding the base of the transistor 395. When

35 the dynamic threshold waveform 387 goes high, the
charging capacitor 394 starts charging, creating a
potential at the base of the transistor 395 that will

as Been Replaced
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25 22. The processed.read code will be sent to™a decoder 24 where_ . _

output. data \d Afakransmtted to a data output port 26 for prprRse 'Qn.”m
FIG 2 depicts % e differences between the laser pulsing in G%:R é;gQ'/g%d&' RLL
2,7 code f_ormats. In GCR 30 8/9, a cell 28_jg_defined as a code word

corresponding to a data bit. For GCR 8/9, a cell is equal to one data bit.

}23; O<r>e| |4§ 32 through e %@bn@lﬁtg_ﬁiﬁ?nﬁbtﬂ?m dupphypeobiledgd? sfvelnek

mnate 35 (ReM widh ShE EFDe B r Y o Rl B Cupt R e,

will typically be 63 memidagsortstbe emittrik ofr sheehrgnaistoy §?9 Lpprease

data waveform 47 is thghich equally increases the emitter voltage of the

' . 5 transistor 396. When this emitter voltage exceeds the
base voltage by the junction potential across the
emitter-to-base junction, the transistor 396 is turned
on. Turning on the transistor 396 causes the increase
threshold waveform 399 to go high.

10 Under normal operations, the dynamic threshold
waveform 387 is pulsed as described above. During
normal read signals, the dynamic threshold 387 is on
for a period equivalent to the on-period of read clock
375. The charge time for the voltage across the

15 charging capacitdr 394 to exceed the base voltage of
2.5 volts is longer than this half clock period of
time. Thus, under normal circumstances, the increase
threshold waveform 399 remains low. However, during
periods of overshoot, the dynamic threshold waveform

20 399 is on for a longér period of time, thereby allowing
the charging capacitor 394 to charge to a voltage that
exceeds 2.5 volts, thereby triggering the increase
threshold waveform 399 to go high.

In FIG. 10, a host computer 410 which serves as a

25 source and utilizer of digital data is coupled by

) interface electronics 412 to a data bus 414. As host
computer 410 processes data, and it wants to access
external memory from time to time, a connection is
established through interface electronics 412 to data

30 bus 414. Data bus 414 is coupled to the input of a
write encoder 416 and the input of a write encoder 418.
Preferably, write encoder 16 encodes data from bus 414
in a low density, i.e. ANSI format and write encoder
418 encodes data from data bus 414 in a higher density

35 format. The Draft Proposal for 90 MM Rewriteable

Optical Disk Cartridges for Information Interchange,
dated 1 January 1991, which describes the ANSI format,
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1 encoded data output from the encoder 12: A e
representative data sequence S deplcted in FIG 2. The code data sequence
011110100110 we 9ghawes i n GCR data 50 through 61 where GCR dat 2CFOLPR/@12DH"
GCR 5 data 51 is a "1". CGCR data 52 is a "1" and so forth for GCR data
53 through 61. Pulse GCR waveform 65 is the outpOt fromlaser pulse neans
14 inputted- into pulse |aser 16. Pul se GCR waveform 65 as shown has not
been adjusted iln tife igcorggratednhergin, by| Eeference. pcrhe outRuts of
enhancenent for specifiveidat @nRolkeeEN216 and 418 are coupled alternatively

through a switch 422 to the write input of a magneto-
optical read/write head 420. The read output of head
5 420 is coupled alternatively through a switch 424 to
the inputs of a read decoder 426 and a read decoder
428. Read decoder 426 decodes data in the same format,
. i.e. ANSI, as write encoder 416, and read decoder 428
decodes data in the same format as write encoder 418.
10 Preferably, the encoding and decoding technique
disclosed above is employed to implement write encoder
418 and read decoder 428. The outputs of a2ncoders 426
and 428 are connected to data bus 414.

_ Responsive to a mode selection signal, switch
15 control electronics 430 sets the states of switches 422
and 424 into either a first mode or a second mode. In
the first mode, write encoder 418 and read decoder 428
are connected between data bus 414 and read/write head
420. _In the second mode, write encoder 416 and read
20 decoder 426 are connected between data bus 414 and
read/write head 420. Read/write head 420 reads encoded
data from and writes encoded data to a 490 millimeter
optical disk received by a replaceable optical disk
drive 432, which is controlled by disk drive
25 electronics 434. Read/write head 420 is transported
radially across the surface of the disk received by

disk drive 432 by position control electronics 436.
When a 90 millimeter disk in a high density format
is received by disk drive 432, a mode selection signal
30 sets the system in the first mode. As a result, data
from host computer 410 , to be stored on the disk, is
organized by interface electronics 412 and encoded by
write encoder 418, while data read from the disk is
decoded by read decoder 428, reorganized by interface
35 electronics 412 and transmitted to host computer 410

for processing. '
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Pul se GCR 67 through 78-reflect no puI se when the corresponding GCR data..47

g0 Tand r e a.pulse when GCR data 47 is a "1". For exqqﬁb@sepwhse
GCR 67 has no Eh zélbecause GCR data 50 is a "0". Conversely, 15 pul se

GCR 68, 69, 70 and 71 show a laser pulse becausg,GCR data 51 through 54 are
a "1" respectively, and simlarly for pulse GCR 172 t hrough 78. Under the

depi cted uniform,scenario, RHese %ﬁdﬁ%@t@&hdiaws WHef qrom aen sze:@R
68, 69, 70, 71, 73, 76 and 77. 20 ¢ SM

ef.etred t
pul sewidth i s 35 nanosd@Gmas 1 EaEﬁc‘F’a%ee‘{ %’u@@&cgﬂ'esp“oﬁm ngsg %
wavef orm 65 creates a reigpadedsetis 8bheorsystemncain ntmume!.:end R@G‘Gr-dedAgl ta

82 corresponds to pU|5“}é393t, data from host computer 410 , to be stored on
5 the disk, is organized by interface electronics 412 and
encoded by write encoder 416, while data read from the
disk is decoded by read decoder 426, reorganized by
interface electronics 412 and transmitted to host
computer 410 for processing.

10 ) In certain cases, it may be desirable to modify
the laser for the first.and second modes. For example,
different laser frequencies could be used or different
laser focussing lens systems could be used for the
different modes. In such case, the mode selection -

15 signal is also coupled to read/write head 420 to
control the conversion between frequencies or optical
lens focussing systems, as the case may be.

It is,preferabie to organize the data stored in
both formats to have the same number of bytes per

20 sector, i.e., in the case of ANSI, 512 bytes. 1In such

. ) case, the same interface electronics 412 can be used to
organize the data stored and retrieved from the disks
in both formats.

In accordance with the invention, the same

25 read/write head, position control electronics, optical
disk drive, disk drive electronics, interface
electronics and data bus can be employed to store data
on and retrieve data from optical disks in different
formats. As a result, downward compatibility from

30 higher density formats that are being developed as the
state of the art advances, to the industry standard
ASNI format can be realized using the same equipment.

35
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68. Recorded pit 83 corresponds to pulse GCR 69. 25 Simlarly,
recorded pits 84 thiough 88 corresponds to pul se GCR 70, 71, 73, 76 and 77

r.espect i vel y. WSBHRHES of; m on and spot size on Pﬁé’@ﬁﬁoé‘aﬁ*
medi um 18, the recorded: p”mmm\ ﬂlmmﬂlll n tinme than pul se GCR 65.
Successive recorded pits 80 30 ' rerde toget heB2to effectively create a
l-arger recorded pit. Thus the elongated recorded pit has a |eading edge
corresponding to }he 1 EAT A& Pﬁég |¥ dnd a trailing edge corresponding

to the last recorded pit. For exanpl e the.pit created by recorded pits 82

35 through 85 has a | eadijng e r r a I
edge from B?t 85. Under theI % ggeméd{rﬁﬁ 26P wrﬁhb %cﬁ'}%l &Q@é IOIEg an

optlcal disk comprlslng the steps of:

S generating a binary signal having first and second
binary values at a given clock interval representative
of the data;

generating energizing pulses having a duration
less than the clock interval during each clock interval

10 having one of the binary values;

directing a focused laser at the recording surface
of a rotating optical disk such that the laser beam can
selectively access one of a plurality of concentric
tracks on the recording surface; and .

15 . applying the energizing pulses to the laser to
turn the laser beam on and off depending upon the value
of the binary signal.

2. Apparatus for recording data on an optical
20 disk comprising:
- : a source of digital data occurring at a given

clock 1nterva1,
means for converting the data to a blnary 51gnal
having first and second binary values at a given clock

25 interval representative of the data;

an optical data storage disk having a recording
surface; ' f

means for rotatably driving the disk;

a laser having a focused beam;

30 means for directing the laser at the recording
surface such that the laser beam can access one of a
plurality of concentric tracks on the recording
surface;

means for generatlng energizing pulses hav;ng a

35 duration less than a clock interval for converted data

having the first binary value; and.
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L B




format, a rising edge COTT‘ESp‘Uﬂd’S_I_O_a_"_l‘"—V\hIle a -9- 1 trailing_.. . . .

edge correspoRgssjq & 0" pattern "11110" a »d
data 51 througﬁ % ari s“ﬂﬁg m!m |l mEr the first "1" as?'gﬁ(y)t\j\%mwi)@&_
recorded pit 82, and at: t datm 54, a 5 traili-ng edge
occurs as shown by recorded pit 85, because GCR data 55 is a "1". Playback

signal 90 will beg | ow when nésws desk Papp B i oMke Néndidizing Pulkbe keadhag
edge of a pit, : .
laser to turn the laser beam on and off responsive to

the energizing pulses.

5 3. The apparatus of claim 2, in which the
converting means forms a binary signal that always
changes value within a predetermined multiple of the
clock interval.

10 4. The apparatus of claim 3, in which the
multiple is three.

5. The apparatus of claim 2, in which the
converting means forms a binary signal that follows
15 eight to nine group code recording (GCR). ' '

6. The apparatus of claim 2 wherein applying
means further comprises:
means for detecting predetermined sequences of
20 converted data; and .
. means for adjusting the time of applying the
energizing pulses upéh the occurrence of a
predetermined data sequence.

25 7. The apparatus of claim 6 wherein said
predetermined data patterns comprise the data sequences
1100, 10100, 00100, and 000111.

8. A method of retrieving digital data on an
30 optical disk comprising the steps of:
directing a focused laser at the recorded surface
of a rotating optical disk such that the laser beam can
selectively access one of a plurality of concentric
tracks on the recorded surface; .
35. detecting the rotation of the laser beam reflected
off of the recorded surface, a change in rotation to
thé first type representing the first binary value and
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pl ayback signal 90.wi.llJ. L+éﬁ}ﬁﬁﬂ$ﬂﬁanmﬂTﬂﬂ—‘h until the 10 .....tralling edge.....

of the pit is_reached. The SI | ow and rennin Iom/untll t he
“next pit. For "&¥PIES p Ij l“ “ﬁlﬁfﬁ\“hﬂn’s | ow because GCR dB&H L8?2/03RFch
is a"0", did not create ont edge of recorded pit 82,

pl ayback signal 90 has a r|5|ng edge 15 as SR6Wn in pl ayback signal 92.

Pl ayback signal 90 will_t t trailin e _occurs
on Zl recordgd pi tP For exan%?%een%lécause ?&gg}%dle% pI%E% e & eg£ 328573?‘151"9
trailing edge, pl aybacktke girgonga biparg4valysi ranchi gh. The signal remains

hi gh during 20 pl ayback Jdr@ialeingS a beomse sPénalr eepdtegepidentdS. the
However, because GCR daba 55 i.s.a "0 £ecordedtp|t

inary values that occur a ock interval generated
5 from the occurrences of the binary values and changes
in reflectivity occurring at boundaries of the clock
interval.
9. An apparatus for reading data on .an optical
10 disk comprising:

an optical data storage disk having a racorded
surface;

means for rotatably driving the disk;

2 laser having a focused beam;

15 means for directing the laser at the recorded
surface such that the laser beam can selectively access
one of a plurality of concentric tracks on the recorded
surface; |

.means.for detecting the rotation of the laser beam

20 '~ reflected off of the recorded surface;

means for converting changes in rotation to the
first type into the first binary value and changes in
rotation to the second type into the second binary
value; and

25 means for generating a binary signal that
represents the binary values that occur at a clock
interval generated from the occurrences of the binary
values and changes in reflectivity occurring at
boundaries of the clock interval.

30
10. The apparatus of claim 9, in which the
converting means forms a binary signal that follows
eight to nine group code recording (GCR) decoding.
i3 11. The apparatus of claim 9 wherein detecting

means further comprises means for altering the shape of
the detected signal.
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creates a trail.ing _edge-—"Thus, playback signal .56 decays. .The. si gnal

—e

decay to O um:(oba/alrvecorde

2211268 : ting a rising edgepc-r,L'glgu,cosg,\y
t-he 25 occurrence of re mummlmm |m| ch corresponds to GCR data 56

being a "1", playback signa :
successor to recorded pit 86 when GCR data 57 Is a "0", playback signal 98

ri sess. s Becausssgthere is no i nmedi ate

decays. Pl aybackisignal 99 ¥Znuithe lapparatasseft kaadni 31N@ha@ein me¢etdRg

pit when GCR data 58 igedns ?fltllqrgth\oél';rterél g??lgéga?égﬁnpop

pits 87 and 88 overlap crea
rises and pl ayback si ghB® quaér%ﬂign@ﬁlwp ﬂ%ﬁo&‘ékps

the trailing edge of
' 5

10

15

20

25

30

35

@l ofl Fhef dekecthed
refgmated pit

13. The apparatus of claim 12 wherein detecting
means further comprisés means for adjusting the
threshold of sensitivity of the detecting means to
ovérshoots in the detected rotation.

14. An optical data storage and retrieval system

comprising:

a source of digital data; _

first means for encoding digital data in a
first format higher in density than ANSI;

second means for encoding digital daﬁa in a
second ANSI format;

means for utilizing digital data;

first means for decoding digital data from
the first format;

second means for decoding digital data from
the second format; '

a disk drive for receiving a replaceable 90
millimeter optical disk;

" means for reading encoded data from and
writing encoded data on a 90 millimeter optical disk
received by the drive;

means in a first mode for connecting the
first encoding means between the source and the reading
and writing means and the first decoding means between
the reading and writing means and the utilizing means;

means in a second mode for connecting the
second encoding means between the source and the
reading and writing means and the second decoding means
between the reading and writing means and the utilizing
means; and
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35.__...88 when_XR data 61 is a "0". For RLL 2,7.a cell consists of two data
bits which corresponds to two clock periods 121 of 2F cl ock -10- 1 '
wavef orm 120%0 92824255 256 MBYTE disk, an RLL 2,7 encodi ng f ®CTASR03925
require a 2F clock pulse width 121 of 35.4 nanoseconds or a cl ock frequency
of 28.23 MHz. The calculation of this value is#&vaightforward. In 5

order to maintain the same di sk densMe/ t he 8/9 and RLL 2,7 encodin
formats must Con%aln the sane means or switching between the first an

second modes.
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(57) Abstract

A first write encoder (418) encodes digital data in a first high density format. A second write encoder (416) encodes digital
data in a second low density, i.e. ANSI format. A first read decoder (428) decodes dlgltal data from the first format. A second
read decoder (426) decodes digital data from the second format. A disk drive (434) receives a replaceable 90 millimeter optical
disk. A read/write head (420) reads and writes encoded data on the disk. Control electronics switches (430) depending on the re-
corded format in a first mode where the first encoder is connected between a source of digital data (410) and the head (420), and
the first decoder is connected between the head and utilizing apparatus (410), and in a second mode, the second encoder is con-
nected between the source and the head, and the second decoder is connected between the head and the utilizing apparatus.




20 _ _transjition in_data..
in the-data pattern.
occurs in the data pattern.
t he sane state.

__Thus,

2,7 _data 125 goes high when the "1"
Snnllarly RLL 2 7 data 126 goes | ow when the "1"
Wiile a "0"

OCcurs

occurs RLL.2,7 data 122 remains in

Pul sed 2,7 waveform 1373yefl ects 25

16 corresponding to RLL 2,7 data 122 Thus, for

during the period when that signal
i s high.
141 goes low prior in time to 30
patterns of "0",

pattern

Because of .t he thernal

t he pul si ng nust

hi
eIong
d

renaln on. _
"10001" as shown in RLL 2,7 data 128 and 129,

e pit,
ata 126. For
For exanpl e,

t he pul sing of
2,7 data 125 and 126,
d 2,7 waveform 140 and 141
pul sed 2,7 waveform
Ionger dat a
during the data
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pul-sed 2, 7 wavef orm-143 and--144 y-emai-ps-hi-gh. l.onger .t-han pul.sed ..2.7. ... .. .
waveform 140 and 141! For data 35 ,/Batterns of successive "0", the
pul sed 2,7 waveform 137 can be pul sed as’” Separate pul ses. For exanple, for
the data pattern "1000001" RLL 2,7 data 132, 133 and 134 1 - can be
pul sed in two separate pul ses as shown el 2, 7 147, 148 and 149. As
with the GCR 8/9 format, recorded pi 6 hows t hernal el ongation. For
exanpl e, recorded pit 162 is 5 wider Tn time than the pul se from pul sed

2,7 wavetorm szzs zg 30 3/ 32 93 34 35 % 37 B 39 4 4
- 42 ' -
le—l— 3 1522 (15. 677 1112)
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-140-and-141; _si-m . recorded pit-.163. Physical limtations of .

existing lasers and {optical disks prevent recorded pit 163 from being
recorded in two successive pul ses at 2F clock 120 frequency. Thus, for 10
these internediate size pits, the thermnal cunul ation distortion effects
wi |l be greater than in either recorded piI't 162 or the conbi ned recorded
ptts 164 and 165. Again, playback signal 167 depicted by playback signal
168 through 174 goes high on | eadi ng edges of 15 recorded pits 160,
decays on trailing edges of recorded pits 160 and remains constant during
the presence or absence of pits.: The L ode can be inproved by
correcting
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Jpredictable position.shifts.. FL.G..3 shows the timng 20 - diagram f-or—t-he--
write conpensation of &he | aser pul se generator 14. Experi nment al _
testing showed that recording early when the laser 16 is off for two bits
or greater enhances performance. C ock waveform 176 is the code bit clock
used for clocking data 177, 203 and 25 4229 which show the worst case
data patterns for enhancenent. QO her patterns can be corrected but wll
suffer in signal _anplitude. Data 180 through 184 corresponds to the
‘data sequence 0100". The unconpensat ed pul se waveform 188

t hr ough 192 30 corresponds to this ta pattern wthout wite
conpensati on. ﬁﬂggnpensated pul se wavef orm Y89 and 191
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occur. . in.-the..second.half:0f .the clock period. . After. wite caonpensation, the
out put 'of | aser pul se generator 14 corresponds to.conpensated pul se

wavef orm 195 where 35 conpensated pulse waveforns 197 and. 198
remai ns unchanged and a shortened off-period for conpensated pul se waveform
199 provides an earlier conpensated -%29 1 pul se wavef orm 200.

Duri ng conpensated pul se 201, |laser 16 remains off for a | onger duration

t han unconpensated pul se 192. Simlarly for data 206
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t hraugh 209 corresponding ..to__data pattern "1100" 5 . . uncoppensated. ...
pul se waveform 211 woul d be off for unconpensat ed pul se waveform 213 -
f.ol l owed by two pul ses unconpensated pulggye waveforns 214 and 216. Again,
the wite conpensation circuit adjusts conpensated pul se wave form 220 so
t hat conpensated pulse waveform?225 - 10 WALl _occur closer in-tine to
Gonpensat ed pul se wavekQrm 223 so that conpensated pul se waveform 224 is
shorter than unconpennged pul se waveform 215. Finally, data 231 through
235 corresponding to éﬂl data pattern "00100" has unconpensated pul se
5
| d

wavef orm 237 occurrin — -at _ynconpensated pulse waveform 240.
Wite conpensation wo nmove conpensated Pul se wavef orm 243
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earljier in tinme.t t-ed—pul-se-waveform-246- FI-G -4 shows the—-——————- -
schemati ¢ dlagran1of Jhe Write conpensation circuit which conprises data

pattern 20 moni tor 248, wite conpengdﬁlon pattern detector 249 and
delay circuit 269. Data pattern nonitor 248 is a serial shift register that
-sequentially clocks encoded data fromyencodi ng neans 12. The | ast si
el ocked in data i cofpensat jon pajtterr 25 de eCtoT
249 where they niqgﬂmhet g tol pul de the | asp _
earlier than nor r 3 Fons| sts| of data Sequepge

a is|ipput—tp thg D porf of/datq.

flip flops 250 thise
sequence D flip flop
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.30__. _Q output_ D1 _becones the.input. of. the D.port..of..data sequence-D flip—--
-flop 251. This cl oc(<i ng continues through data“-sequence D flip flops 252
t.hrough 256 whose Q output WD7 is the data sequence del ayed by seven cl ock
periods fromwhen it was first input int8&/'35 data pattern nonitor 248.
The Q outputs, WD1l, WD2, WD3, WD4, and WD5 of data sequence D flip flops
250 through 255, respectively, represent the last six of -13- 1 t he
| ast seven data bits inputted into a data pa?ern
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-eni t or-- 248.. -These- si-x-bit-s-are -sept—t+o--a—~-W i t e -conpensat i-on- pattera-———-—— -

‘detect 6r 249 where théy are conpared to predeternined data patterns, and,
if they 5  match, an enable wite signal is sent to a delay circuit
269 to indicate that the |laser pulse is to occur earlier than normal. The
first data pattern is detected by invertifsg the Q data Wb1, WD2, WD3, and
W4 from data sequence D 10 flip flops 250, 251,. 253 and 254 through
data inverters 260, 261, 262 and 263 respectively.  The output of these
inverters is ANDd with the output fromdata sequence Dflip flop 252 in
detect AND gate 264. Thus when a sequence "00100" occurs, the output of
det ect
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“occurred. Simlarly,
Q out put WD2, WD2, and

15 ~ AND gate 264 goes hlgh |nd|cat|ng that a detect of the datémﬂaﬁ?grn

the second data pattern is detected by inverting the
WD4 from data sequence D flip flops 250, 251, and

253 through the data inverters 282, 283, and 284 20 respectively and

ANDi ng with the outputs,

254 in detect AND gate

W4 and W6 of data sequence D flip flops 252 and
286. Thus, a data pattern of "010100" w Il trigger

a high fromdetect AND gate 286 |nd|cat|ng a detect. The third.data

sequence *s detected by 25 inverting the Q output WDl and WD2 from data
sequence D flip flops 250 and 251 through data inverters 287 and 288 and
ANDing with the Q out put WO3 and WM from dat a

| = .
51 g
LT it spnnd to paged .......... ; _‘/ o
VA .22 1o paged 26 j E
N RS BT VL lo paged .......... o
... to paged .......... v
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15 OPTICAL DATA STORAGE AND RETRIEVAL
SYSTEM AND METHOD
Background of the Invention _
This invention relates to digital data storage and
20 retrieval and, more particularly, an 6pticql data

storage

and retrieval system and method.

Recordéble/erasable optical disks are currently
available for use as data storage media.
Magneto-optical recording is the technique commonly

25 - used. to

store the data and/or retrieve the data from

the disk. During recording a magnetic field orients
‘the polarity of a generalized area on the disk while a
laser pulse heats a localized area thereby fixing the
polarity of the smaller area. The localized area vith'
10 fixed polarity is commonly called a pit. Some encoding

systems

use the existence or absence of a pit on the

disk to define the recorded data as a "“1" or wo"
respectively. The most commonly used encoding system
for this pit type recording is the run length limited

- (RLL) 2
ratio.

.7 code because it gives the highest data to pit

This type of recording, however, does not lead



sequence D flip flops 252 and 253 in data detect AND gate 289. Thus the
data pattern of "1100" will trigger 30 a detect fromdetect AND gate -
289 indicating the presence of the data. The data pattern detect output of
detect AND gates 264, 286 and 289 is OR d in detected pattern OR gate 266
whose out put goes hi gh when one of the three data patterns is detected. The
35 detected pattern output is clocked Lg_enable wite Dflip flop 268
where Q- output, enable wite signal, is then sent to delay circuit 269.

1 to higher density because amplitude and timing margins
deteriorate very rapidly as frequency is increased.

o (-] ve (=2

5 _ According to a feature of the invention, a method
for storing and retrieving digital data on an optical
disk is provided. For writing on the disk, a binary
signal having first and second binary values at a given
clock interval is generated. Energizing pulses that

10 have a duration less than the clock interval are
generated during each clock interval having one of the
binary values. The énergizing pulses turn a laser beam
on and off depending on the value of the binary signal.
The laser beam is focused on a recording surface of a

15 iotating disk such that the laser beam can selectively
access one of a plurality of concentric or spiral
tracks on the recording surface. |

For reading data on a disk, a focused laser beanm
is directed at the recording'surfacé of a rotating

20 optical disk such that the laser beam can selectively
access one of a plurality of tracks on the recorded
surface. The rotation of the laser beam reflected off
of the recorded surface is detected by means of Kerr
rotation. A change in Kerr rotation to the first type

25 represents the first binary value. A change in Kerr
rotation to the second type represents the second
'binary value. A binary signal that represents the
binary values that occur at a clock interval generated
from the occurrences of the binary values and changes

30 in rotation occurring at boundaries of the clock
interval is generated.

An apparatus for recording data on an optical disk
is provided. A source originates digital data at a
given clock interval. A circuit converts the data to

35 a bxnary signal having first and second binary values
at a given clock interval and representatzive of the
data. . A pulse generatar produces energizing pulses

'REPLACEMENT SHEET
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-14- Delay circuit 269 takes the cl ocked data output WD4 of data sequence D
*flip flop 253 and sinultaneously inputs it into delay line 276 and not
del ay sel ect AND gate 274. The del ayed output of delay line 276 is 5
inputted into del‘ay select AND gate 272. The enable wite signal from
wite conpensation pattern detector 249 mnll enabl e either delay select AND
gate. 272 or not delay select AND gate 2743 "When the enable wite signa

| whi gh d t ht 10, t
Ioicu(r)\r/ved | E| t ! Pshﬁﬁsgﬁ 41atdug.g%j’%ﬁe wr |% eli:lﬁﬁver t eC1§§}5‘ ﬁ?ﬁ%ﬁq’gﬂ; F%%sn?he
del ayed data froﬁPB@FE?eﬂlﬁ%t??E‘{jd‘%é'-b@I §4Ksl. binaryncvakurer A laser

controller applies the energizing pulses to a laser to

turn the focused laser beam on and off fesponsive to

5 the energizing pulses. A circuit directs the laser at

a recording surface on a rotating optical data storage

disk, such that the laser beam can selectively access

one of a plurality of tracks on the recording surface.

An apparatus for reading data on an optical disk

10 is provided. A circuit rotates an optical data storage

disk having a recorded surface. A controller directs

a laser with a focused beam at the recorded surface

such that the laser beam can selectively access one of

a plurality of tracks on the recorded éurface. A

15 circuit detects the rotation of the laser bean

. reflected off of the recorded surface. - A decoder

converts changes in rotation of a first and second type

into first and second binary values respectively. A

. eircuit generates a binary signal that represents the

20 binary values that occur at a clock interval generated

from the occurrences of the binary values and changes

in rotation occurring at boundaries of the clock
interval

An optical data storage and retrieval system is

- 25 provided with data recording and reading utilizing cell

' : boundary transition codes, special signal processing

and control of write pulses. Specifically, a data

encoder encodes digital data in a code where

transitions occur only at cell boundaries. A cell is

30 . defined as the encoded bits that represent one data

bit. For example, in RLL 2,7 bits can be recorded at

the cell boundary or at the center of the cell. The

detection window is +/- 25% of a cell. Preferably in

this inVention a pulse group code recording (GCR) 8/9

35 code is used. Because eight data bits are encoded into

nine bits, a cell is effectively defined as one data

bit. For this invention, a cell will occur at each
e __
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hand If enable wite is high, which indicates that one of the three data
“patterns has occurred, then the not 15 del ay select AND gate 274 all ows
the transm ssion of the data from data sequence D flip flop 253 which'is
undel ayed. The output from delay select AND 272 and not delay sel ect AND
gate 274 is OR d in data OR gate 278 where it is outputted fromdelay '

circuit 269. 20 Al t hough prior discussi-gres about the wite conpensation
circuit or timing indicated that for the three data patterns, the wite

pul se woul dioccurclockahntexvalis ckhe idmtedticmc wiakdownpkcowes at/orgodata is

ge: ayedf 13 lnanosesendaef ee1al, ! @%Egnﬂ%oibg Eﬁéeecﬁ'aéi‘s PRLAET ALows a The
elay o €l ay ¢l Iﬁ !iLeg nuxlngers ect:f ggr\xl\éeeecnutive zeros, e.g. three, even

across word boundaries. This code also contains self

S clocking.

With certain data patterns, the timing margin can
be enhanced. A monitor that looks for data sequences
which match these predetermined data patterns is
included. When one of these data patterns occur, the

10 laser is pulsed earlier, preferably 4 to 6 nanoseconds.
Under normal writing the laser is pulsed uniformly.
With some data patterns an increase in effective write
power creates better defined edges. A second monitor
looks for these data sequences a.rid when one occurs, the

15 laser will not be pulsed off as it would under other
data patterns. Thus the effective write power is
increased. '

To reduce the asymmetry of the rise and fall of an
isolated pulse, signal processing will be performed for

20 'reshaping the read data waveform. For example, the
pulse will be narrowed and ampiifiéd. The preferred
enbodiment differentiates the amplified read waveform.
The amplified signal is summed with its derivative
resulting in a narrowed and symmetrical.

25 " For lower frequency signals, the pulse slimming
will produce overshoot. Because this overshoot is
predictable, the threshold of the read circuitry can be
increased momentarily to prevent false data reads. A
monitor will monitor the reshaped waveform and upon the

30 occurrence of an overshoot the monitor will increase
the threshold of the reaé waveform detector.

Accordiné to another feature of the invention, an
optical data stoi:'age and retrieval system is provided
with downward compatibility from a high density

35 recording format to a low density ANSI format.
Specifically, a first write encoder encodes digital
data in a first, preferably high density format. A
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‘nanoseconds for
‘recordi ng | ower

power at the |eading edge of the data pat®arn
enbodi nent thesgﬁgga

1

the frequency of the preferred enbodinent. Wen

frequency data patterns, the resultant magneto-opti cal

signal has a slower rise tinme 30 than fall tinme. This causes the final
out put fromthe waveform processor 22 to have degraded anplitude on
positive peaks which can be corrected by recording with higher effective

For the preferred

si gnal during the secog%i'tf' ggtftc’?rﬁg ﬁggg&%aﬁ’gr#atlhé?ggsiﬁﬁ?\é\%%g"'%l tIeaser

'data from the first format. A second read decoder

decodes digital data from the second format. A disk
drive receives a 90 millimeter replaceable optical

disk. A read/write head reads encoded data from and

10

15

20

25

30

35

writes encoded data to a 90 millimeter optical disk
received by the drive. 1In a first mode, the first
encoder is connected between a source of digital data
and the read/write head, and the first decoder is
connected between the read/write head and utilizing
apparatus. In a second mode, the second encoder is
connected between the source and the read/write head,
and the second decoder is connected between the
read/write head and the utilizing apparatus. Control
electronics switches between the first and second
modes, depending upon the format in which data is
recorded on the disk received by the disk drive. As a
result, the system can exploit high density recording
formats, while achieving downward compatibility to the
low density ANSI format. Thus, data stored in different
formats can be stored and retrieved in a single system
that employs the same read/write head and disk drive.

According to yet another feature of the inventian,
the first and second formats are organized into sectors
having the same number of bytes, -there being more
sectors in the first format than in the second format
in accordance with the higher density. As a result,
the same interface electronics can be employed to store
and retrieve data in both formats.

e
during its nornai-%fﬂ“ﬁﬁ?ﬁeamat' A first read decoder decodes digital
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-15- 1 In FIG 5, clock waveform 301 cl ocks data waveform 303
*through the | aser pul'se greater 14 for the data pattern "000111". As
depicted by data 305 through 310, the | aser pul se generator 14 generates
pul se waveform 5 312 with pul ses 314, 315 and 316 when data waveform
303 is a "1". During the second "1" of this data pattern, the | aser pul se
generator 14 will turn on for the increasg.power waveform-318 and generate
a pul se 320. The output |aser pulse waveform 322 results fromthe OR 10

of pulse 312 anchijus gukdrdbtiBR of EhE AWy
. 'FIG. 1 is a block diagram showing the optical data
storage and retrieval system;

FIG. 2 is a series of waveforms showing uniform

S laser pulsing under a pulsed GCR format and non-uniform
laser pulsing under an RLL 2,7 format;

FIG. 3 is a series of waveforms showing ‘laser
pulsing for various data patterns adjusted by the write
compensation circuit;

10 FIG. 4 is a schematic diagram showing the write
compensation circuit;

FIG. 5 is a series of waveforms showing laser
pulsing for amplitude asymmetry correction; _

FIG. 6 is a schematic -  diagram showing the

15 amplitude asymmetry correction circuit;

FIG. 7 is a block diagram showing the basic
relationship of elements of the pulse slimming means;

FIG. 8 is a series of waveforms showing threshold
adjustments by the dynamic threshold circuit;

20 FIG. 9 is a schematic . diagram for the dynamic
threshold circuit; and

FIG. 10 is a schematic block diagram of an optical
data storage and .retrieval systenm incorporai:ing

downward compatability.
25 -
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wavef orm 318 that creates |aser pulses 323, 324 and 325. Under nor nal
*operations, |aser pulse 324 would be off during the first half of the clock
period,. However, under this particular data pattern, keeping 15 t he
|aser on for- the | aser pulses 323 and 324, effectively increases the
power fifty percent during this tine perlgd In FIG 6, anplitude asymetry
correction circuit 291 generates the wite wde pulse 292 which will be 20

ORd wth jhe | dg ay h& é a4 gehgger pul se OR
gate 280 resulting 1 n_Taser rn nonitor

R
248 operates as shownt®F¥§- G1'4‘S’“r¥ﬁ‘é ’i?%ﬂ’t" &Fsmm aV\BEtaV\EB“rMU

. transmits data to an encoder 12. The encoder 12

converts the binary data into binary code bits. The

5 code bits are then transmitted to a laser pulse

' generator 14 wvhere the code bits are converted to

energizing pulses for turning a laser 16 on and off.

In the preferred embodiment, a code bit "1" indicates

that the laser will be pulsed on for a fixed duration

10 independent of the code bit pattern. However,

depending on the laser and optical medium being used,

performance may be enhanced by adjusting the occurrence

of the laser pulse or by extending the otﬁerwise

uniform pulse duration.' The output of laser 16 heats

15 localized areas of an optical medium 18 which is being

exposed to a magnetic flux that sets the polarity of

the magnetic material on the optical medium 18. During

reads of the optical medium, a laser beam is impinged

on the surface of the medium. The polarization of the

20 reflected laser beam will be dependent upon the

polarity of the magnetic surface of the optical medium.

During the read mode, the reflected laser beam

will be inputted into an optical reader 20, where the

read code output will be sent to the waveform processor

25 22. -The processed read code will be sent to a decoder

24 where output data will be transmitted to a data
output port 26 for transmission. _

FIG. 2 depicts the differences between the laser

pulsing in GCR 8/9 and RLL 2,7 code formats. In GCR

30 8/9, a cell 28 is defined as a code word corresponding

to a data bit. For GCR 8/9, a cell is equal to one

data bit. Thus, cells 30 through 41 each correspond to

one clock period 42 of clock waveform 45. For a 3%"

optical disk rotating at 2,400 revolutions per minute

35 (RPK) with a storage capacity of 256 MBYTES clock

period 42 will typically be 63 nanoseconds or a clock

frequency of 15.879 MHz. GCR data waveform 47 is the
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WD5, WD6 and WD7 of data sequence D flip flops 251 25 t hrough 256 are
‘inputted into the anplitude asymmetry correction circuit 291 where the

out puts WD5, WD6, and WD7 of data sequence D flip flops 254, 255 and 256
are inverted. in data inverters 293, 294 and 295 respectively. The
out puts of data inverters 293, 294 30 and 295 and data sequence D flip
flops 251, 252 and 253 are AND d in detecig AND gate 296. The output of

detect AND gate 296 indicates a detected pattern form "000111" which w |

be clockedjout ofenéobided WiddeaD fdutputl OFrdlY athd heenedderc! ork, 301. o35
The wavel o M oUt Dl r2ehlge 04 Gaka” GAdRered 1d | abisy el 2fiR0rgE. 2,1 Unct i on

The code data sequence 011110100110 is shown in GCR

data 50 through 61 where GCR data S0 is a "0". GCR

S data 51 is a "1". GCR data 52 is a "i" and so forth

for GCR data 53 through 61. Pulse GCR waveform 65 is

" the output from laser pulse means 14 inputted- into

pulse laser 16. Pulse GCR waveform 65 as shown has not

_ been adjusted in time or duration to reflect

10 performance enhancement for specific data patte;rns.

Pulse GCR 67 through 78 reflect no pulse when the

corresponding GCR data 47 is "0" and reflects a pulse

when GCR data 47 is a "1". For example, pulse GCR 67

has no pulse because GCR data 50 is a "0". Conversely,

15 pulse GCR 68, 69, 70 and 71 show a laser pulse because

GCR data S1 through 54 are a "1" respectively, and

similarly for pulse GCR 72 through 78. Under the

depicted uniform scenario, pulse GCR pulsewidth 79 is

uniform for pulse GCR 68, 69, 70, 71, 73, 76 and 77.

20 For the preferred embodiment this pulsewidth is 35

’ nanoseconds. Each laser pulse corresponding to pulse

GCR waveform 65 creates a recorded pit 80 on optical

medium 18. = Recorded pit 82 corresponds to pulse GCR

68. Recorded pit 83 corresponds to pulse GCR 69.

25 similarly, recorded pits 84 through 88 corresponds to
pulse GCR 70, 71, 73, 76 and 77, respectively.

Because of thermal dissipation and spot size on

thé optical medium 18, the recorded pits 80 are wider

in time than pulse GCR 65. Successive recorded pits 80

30 merge together to effectively create a larger recorded

pit. Thus the elongated recorded pit has a leading

edge corresponding to the first recorded pit and a

trailing edge corresponding to the last recorded pit.

For example, the pit created by recorded pits 82

35 through 85 has a leading edge from recorded pit 82 and

a trailing edge from pit 85. Under the GCR 8/9 data

format, a rising edge corresponds to a "“1" while a

REPLACEMENT SHEET

13 MAR 997




pattern. Anplitude and timng can be enhanced by 1
*signal through the waveform processor 22. The asymetry of the rise and
fall times of an isolated pul se can be inproved by sunm ng an equalized
differentiated signal with its derivative. In FIG 7, 5 - magnet o- opt i cal
signal 327 is differentiated by a differential anplifier 329. The
differentiated signal is inputted into aﬁ?équalizer 331 where it is

cauall 220y 5 Wayi e ! Sokedaahag! U5 950, "RaARR) i aba
a Xy GCR data 51 through 55, a

processing the

pattern "11110" as shown
rising edge occurs for the first "i1" as shown by
recorded pit 82, and, at the end of the GCR data 54, a
s trailing edge occurs as shown by recorded pit 85,

because GCR data S5 is a "1v, '
Playback signal 90 will be low when recorded pit
80 shows no pits. At the leading edge of a pit,
playback siQnal 90 will rise and remain high until the
10 trailing edge of the pit is reached. The signal will
go low and remain low until the next pit. For example,
playback signai 91 is low because GCR data 47, which is
a "0%, did not create a pit. At the front edge of
recorded pit 82, playback signal 90 has a rising edge
15 as shown in playback signal 92. Playback signal 90
will then remain unchanged until a trailing edge occurs
on a recorded pit. For example, because recorded pits
- 83 and 84 show no trailing edge, playback signal 93 and
94 remains high. The signal remains high during
20 playback signal 95 because of recorded pit 85.
However, because GCR data 55 is a "“0", recorded pit 85
creates a trailing edge. Thus, playback signal 56
decays. The signal wiil decay to 0 until a recorded
-pit occurs creating a rising edge. Thus, with the
25 occurrence of recorded pit 86, which corresponds to GCR
data 56 being a *1%, playback signal 97 rises. Because
there is no immediate successor to recorded pit 86 when
GCR data 57 is a "“ov, plaYback signal 98 decays.
Playback signal 99 remains low because there is no
30 recorded pit when GCR data 58 is-a "0". With GCR data
59 and 60 being "1", recorded pits 87 and 88 overlap
creating one larger pit. Thus, playback signal 100
rises and playback signal 101 remains high. Playback
signal 102 falls at the trailing edge of recorded pit

35 88 when GCR data 61 is a "“o".

For RLL 2,7 a cell consists of two data bits which
corresponds to two clock periods 121 of 2F clock
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10 . derivative of the equalized signal is taken by a derivative
*processor 333 and summed with the equalized signal in an adder 335. The
out put of the adder 335 is the read signal 337. FIG 8 shows the timng
di agram for the dynam c 15 threshold circuit showmn in FIG 9. Read
signal 337 will contain an overshoot produced by the pul se slinmng.

Because this overshoot is predictable, thg-threshold for the read circuitry
can be increased during the overshoot to prevent false data 20 r eads

during positivewaeaterf3f2d40, Bed and2SBI2MBATE dliskyy amg®Ril/e2praks 343,
A ggd 345 of LpRdaihgnsbraat willhredletd #2¢eLebBk3gRids vikichched high

of 35.4 nanoseconds or a clock frequency of 28.23 MHz.

The calculation of this value is straightforward. 1In

5 order to maintain the same disk density, the GCR 8/9
and RLL 2,7 encoding formats must contain the same
amount of information in the same recording time.
Because two code bits are regquired per data bit, the

RLL 2,7 format requires a clock frequency twice that of

1o the data bits of the GCR data. The GCR data format
records nine bits of code bi-z per eight bits of data.

Thus, the GCR data bit clock is nine-eighths of the
clock period 42. Thus, for a GCR clock period 42 of 63
nanoseconds, the RLL 2,7 pulse width 121 must be 35.4
15 nanoseconds in order to maintain the same disk density.
The RLL 2,7 data waveform 122 reflects two code

bits per cell. For example, RLL 2,7 data 124 shows a

data pattern "00" while RLL 2,7 data 125 shows a data
pattern *01%. 1In this data format, -a w1 représents a

20 transition in data. Thus, 2,7 data 125 goes high when
the "1" occurs in the data pattern. Similarly, RLL 2,7

data 126 goes low when the "i" occurs in the data
battern. While a "0" oczurs RLL 2,7 data 122 remains

in the same state. Pulsed 2,7 waveZorm 137 reflects

25 thelpulsing of laser 16 corresponding to RLL 2,7 data
122. Thus, for 2,7 data 125 and 126, during the period

when that signal is high, pulsed 2,7 waveform 140 and

141 is high. Because of the thermal elongation of the

pit, pulséd 2,7 waveform 141 goes low prior in time to

30 RLL 2,7 data 126. For longer data patterns of "0", the
pulsing must remain on. For example, during the'data
pattern "10001* as shown in RLL 2,7 data 128 and 129,
pulsed 2,7 waveform 143 and 144 remains high longer

than pulsed 2,7 waveform 140 and 141. For data

35 pattérns of successive "0", the pulsed 2,7 waveform 137
can be pulsed as separate pulses. For example, for the

data pattern "1000001" RLL 2,7 data 132, 133 and 134
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posi tive peaks. Threshol d waveforns 349, 350 and 351 are high during
"positive peaks 339, - 340 and 341. 25 Threshol d wavef orns 352, 353 and 354
are | ow during negative peaks 343, 344, and 345. Each peak, whet her
positive or negative; of the read signal 337 generates peak waveform 356
which is a short clocking pulse that occurs shortly after the read signal
337 peaks. Peak 30 wavef ornms 339, 34371370, 344, 341, 345 and 342 of the

read signal 337 eneéate pea Mﬁé@forns 358 through 364, respectively. .
Thr eshol d wavef offif'32%8 PEIFFH &XO REB2ERES PH 55 ShPWBhR PWFey D
flip flop 366. P2aR dvefb48n@®Bb 13®. cl ocks threshold waveform 348

through this flip flORg with the GCR 8/9 format, recorded pit 160 shows
thermal elongation. For example, recorded pit 162 is
5 wider in time than the pulse from pulsed 2,7 waveform
140 and 141; similarly for recorded pit 163. Physical
limitations of existing lasers ‘and optical disks
prevent recorded pit 163 from being recorded in two
successive pulses at 2F clock 120 frequency. Thus, for
10  these intermediate size pits, the thermal accumulation
distortion effects will be greéter than in either -
' recorded pit 162 or the combined recorded pits 164 and
165. Again, playback signal 167 depicted by playback
signal 168 through 174 goes high on leading edges of
1s recorded pits 160, decqyé on trailing edges of recorded
pits 160 and remains constant during the presence or
absence of pits. _
The pulsed GCR code can be improved by correcting
predictable position shifts. FIG. 3 shows the timing
20 diagram for the write compensation of the laser pulse
generator 14. Experimental testing showed that
recording early when the laser 16 is off for two bits
or greater enhances performance. Clock waveform 176 is
the code bit clock used for clocking data 177, 203 and
25 229 ‘which' show the worst case data patterns for
enhancement. Other patterns can be corrected but will
suffer in signal 'amplitude. Data 180 through 184

corresponds to the data sequence "10100". The-
uncompensated pulse waveform 188 through 192
30 ‘corresponds ¢to this data pattern without write

compensation. Uncompensated pulse waveform 189 and 191
occur in the second half of the clock period. After
write compensation, the output of laser pulse generator
14 corresponds to compensated pulse waveform 195 where
35 compensated pulse waveforms 197 and 198 remains
unchanged and a shortened off-period for coﬁpensated
pulse waveform 199 provides an earlier compensated
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Del ayed threshol d waveform 368 is the Q output of threshold delay D flip

‘flop 366 which is exclusively -17- 1
t hreshol d- excl usi ve OR gate 370. The EXOR si gnal
t hreshol.d- . exclusive OR gate 370. The EXOR si gnal

frequency of the original threshold waveform 348. 5 The EXOR si gnal
s inputted into the D port of EXOR D flLpaLl op 374 where it

read cl ock 375.

1

10

1s

20

25

30

35

372 has twice the

F1 waveform 376 is the Q output of EXOR D flip flop
pulse waveform 200. During compensated pulse 201,

laser 16 remains off for a longer duration than
uncompensated pulse 192. Similarly for data 206
through 209 corresponding to data pattern %1100%
uncompensated pulse waveform 211 would be: off for
uncompensated pulse waveform 213 followed by two pulses
uncompensated pulse waveforms 214 and 216. Again, the
write compensation circuit adjusts compensated pulse
wave form 220 so that compensated pulse waveform 225
will occur closer in time to compensated pulse waveform
223 so that compensated pulse waveform 224 is shorter
than uncompensated pulse waveform 215. Finally, data
231 through 235 corresponding to the data pattern
*00100" has uncompensated pulse waveform 237 occurring
at uncompensated pulse waveform 240. Write
compensation would move coméensated pulse waveform 243
earlier in time to compensated pulse waveform 246.
FIG. 4 shows the schematic diagram of the write
compensation circuit which comprises data pattern
monitor 248, write compensation pattern detector 249
and delay circuit 269. Data pattern monitor 248 is a

- serial shift register that sequentially clocks encoded

da- . from encoding means 12. The last six clocke< in
da- - bits are sant to write compensation pattern
detactor 249 where .they are analyzed for determining

whether to pulse the laser earlier than normal.

Data pattern monitor 248 consists of data .sequence
D flip flops 250 through 256. Encoded data is input
into the D port of data sequence D flip flop 250 whose
Q output WDl becomes the input of the D port of data
segquence D flip flop 251. This clocking continues
through data sequence D flip flops 252 through 256
whose Q output WD7 is the data sequence delayed by
seven clock pericds from when it was first input into
data pattern monitor 248. The Q outputs, WD1l, 4D2,
WD3, WD4, and WD5 of data sequence D flip flops 250
through 255, respectively, represent the last six of
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372 is the output of

372 -

is clocked at



374. Read clock waveform 375 has a | eadi ng edge during high pul ses of EXOR

"signal 372, except when EXOR signal 10 372-is low for

cl ock waveform 375. Thus,
bet ween the first-

nore than one read clock 375 and the next K EXOR signal
F1 maveforn1376 is ORd with the EXOR sighal

nore than one read

the F1 waveform 376 is high except for the tine
read clock 375 pulse after the EXOR signal 372 is |low for

372 pul se. 15

372 in envel ope OR gate 378.

IIE 22 oo Tt S S Bk, B

has been

one clock peri oﬂ°ﬁ-'h'f‘?‘F £A8-si g'RBFsBYE ijoéEehl’iﬁi‘tagE\?n

nore than
YhEut put  of

envel ope OR gat eofigénsation pattern detector 249 where they are

10

15

20

25

30

35

compared to predetermined data patterns, and, if they
match, an enable write signal is sent to a delay
circuit 269 to indicate that the laser pulse is to
occur earlier than normal.

The first data pattern is detected by inverting
the Q data WD1, WD2, WD3, and WD4 from data sequence D
£1ip flops 250, 251, 253 and 254 through data inverters
260, 261, 262 and 263 respectively. The output of
these inverters is AND’d with the output from data
sequence D £lip flop 252 in detect AND gate 264. Thus
vhen a sequence %00100" occurs, the output of detect
AND gate 264 goes high indicating that a detect of the
data pattern occurred. Similarly, the second data
pattern is detected by inverting the Q output WD2, WD2,
and WD4 from data sequence D flip flops 250, 251, and
253 through the data inverters 282, . 283, and 284
respectively. and ANDing with the outputs, WD4 and WDé
of data sequence D flip flops 252 and 254 in detect AND
gate 286. . Thus, a data pattern of "010100". will
trigger a high from detect AND gate 286 indicating a
detect. The third data sequence is detected by
inverting the Q output WDl and WD2 from data sequence
D £flip flops 250 and 251 through data inverters 287 and
288 and ANDing with the Q output WD3 and WD4 from data
sequence D flip flops 252 and 253 in data detect AND

gate 289. Thus the data pattern of "1100" will trigger
a detect from detect AND gate 289 ‘indicating the

presence of the data. The data pattern detect output
of detect AND gates 264, 286 and 289 is OR’d in
detected pattern OR gate' 266 whose output goes high
when one of the three data patterns is detected. The.
detected pattern output is clocked in enable write D
flip flop 268 where Q output, enable write signal, is

then sent to delay circuit 269.

REPLACEMENT SHEET

13 MAR 997




cl ocked through the D input of envelope Dflip flop 379 which is clocked by
"read clock 375. The Q output of the envelope Dflip flop 379 is F2 waveform
381. The F2 waveform 381 is high except fromthe second read 25 - clock
375 period after the EXOR signal 372 goes low. until the next read cl ock
375 clocks a high for the EXOR signal 372. The F2 waveform 381 is

i nverted through the F2 inverter 383 and=-lN@R d with the EXOR signal 372 in
dynami ¢ threshold NOR gate 385 to produce 30 the dynamic threshold

waveform 387.  The BpRaNi €irFrisnhdra kakesothesTlocked datanputpib t he
EXCR signal 372 wp4l o éxteBequetice bef Fp vENG o5m 38d 4 Sml1%eneblggy the
dynam ¢ threshol qn‘%\@f 95:”13@2 Hgfaf 2¥3.19 t2'7r£‘3ancl not delay select AND
gate 274. The delayed output of delay line 276 is
S inputted into delay select AND gate 272. The enable
' write signal from write compensation pattern detector
249 will enable either delay select AND gate 272 or not
delay select AND gate 274. When the enable write
signal is low which indicates that one of the three
10 data patterns has not occurred, it is inverted by
enable write inverter 270. This allows the delayed
data from delay line 276 to be clocked. On the othz:
hand, if enable write is high, which indicates that one
of the three data patterns has occurred, then the not
15 delay select AND gate 274 allows the transmission of
the data from data sequence D £flip flop 253 which is
undelayed. The output from delay select AND 272 and
not delay select AND gate 274 is OR’d in data OR gate
278 where it is outputted from delay circuit 269.
20 Although prior discussions about the write compensation -
circuit or timing indicated that for the three data
patterns, the write pulse would occur 10 nanoseconds
earlier, in actual implementation, data is delayed 10
nanoseconds for all data but the three data patterns.
25 The delay of delay circuit 276 is set between 8 to 12
nanoseconds - for the frequency of the preferred
" embodiment. _ _
When recording lower frequency data patterns, the
resultant magneto-optical signal has a slower rise time
30 than fall time. This causes the final output from the
waveform processor 22 to have degraded amplitude on
positive peaks which can be corrected by recording with
higher effective power at the leading edge of the data
pattern. For the preferred embodiment, the data
35 pattern %000111" will trigger a wide write signal
during the second "1" of the data pattern thereby
pulsing the laser during its normal off per|
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| ess than a half read clock 375 period except when the 35

"372 is low on the next read clock 375 peri od. For this exception,

dynam ¢ threshold

t he

wavef orm 387 stays high fromthe end of the EXOR
signal 372 until the second read cl ock 375 pul se.

waveform 387 is used to forward or reversg bias a biasing di ode 389.
5 dynam c threshold 387 is high, biaSing diode 389 is reverse biased.

The Dynam c threshold

Conversel y, when thergdyrpe] &, b18sRordbearotel 861 Shdcks da¥: wheedi@si ng

di ode 389 is foaggr

10

15

20

25

30

35

%hrough the laser pulse greater 14 for the data
pattern "000111". As depicted by data 305 through 310,
the laser pulse generator 14 generates pulse wavefornm
312 with pulses 314, 315 and 316 when data waveform 303
is a "1*. During the second "i" of this data pattern,
the laser pulse generator 14 will turn on for the
increase power waveform 318 and generate a pulse 320.
The output laser pulse waveform 322 results from the OR
of pulse 312 and turn on for the increase power
waveform 318 that creates laser pulses 323, 324 and
325. Under normal operations, laser pulse 324 would be
off during the first half of the clock period.

However, under this particular data pattern, keepihg

the laser on for the laser pulses 323 and 324,
effectively increases the power fifty percent during
this time period. .

In FIG. 6, amplitude asymmetry correction circuit
291 generates the write wide pulse 292 which will be
OR’d with the laser pulse output from delay circuit 269
in laser pulse OR gate 280 resulting in laser pulse
waveform 322. The data pattern monitor 248 operates as
shown- in FIG. 4. The Q'outputs WD1, WD2, WD3, WD4,
WD5, WD6 and WD7 of data sequence D flip flops 251
through 256 are inputted into the amplitude asymmetry
correction circuit 291 where the outputs WD5, WD6, and
WD7 of data sequence D flip flops 254, 255 and 256 are
inverted in data jinverters 293, 294 and 295
respectively. The outputs of data inverters 293, 294
and 295 and data sequence D flip flops 251, 252 and 253
are AND’d in detect AND gate 296. The output of detect
AND gate 296 indicates a detected pattern form "“000111"
which will be clocked out of write wide D flip flop 297
at the next clock 301. '

The waveform outpuf of the optical reader 20 will
be degraded as a function of frequency and data
pattern. Amplitude and timing can be enhanced by

EXOR si gnal

When
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bi ased. When the dynami c threshold waveform 387 forward 10 bi ases the

-bi asing diode 389, the potential of the filter bias signal 390 is higher by
the junction voltage of the biasing diode 389. This potential is 0.6 volts
for standard devi ces. The 5-volt supply voltage drops acros$ the limiting
resistor 393 to the-15 potential of the filter bias signal 390, because
the voltage across the charging capacito®®394 is the difference between the

thi s potedtial BresreRRy, sy fidnal. WeRaR, S ypterkd breeleE 105
This turns on tI22.tr dflké sasym@ettry of the rise and fall times of an
isolated pulse can be improved by summing an equalized
differentiated signal with its derivative. 1In FIG. 7,
5 magneto-optical signal 327 is differentiated by a
differential amplifier 329. The differentiated signal
is inputted into an equalizer 331 where it is equalized
by 5 DB in the preferred embodiment and the amplitude
is equalized as a function of frequency. The
10 derivative of the equalized, signal is taken by a
derivative processor 333 and summed with the equalized
signal-in an adder 335. The output of the adder 335 is
the read signal 337.

FIG. 8 shows the timing diagram for the dynamic
15 threshold circuit shown in FIG. 9.

Read signal 337 will contain an overshoot produced
by the pulse slimming. Because this overshoot is
predictable, the threshold for the read circuitry can
be increased during the overshoot to prevent false data

20 reads during positive peaks 339, 340, 341 and 342, and
during negative peaks 343, 344 and 345 of read signal
337. Threshold waveform 348 is sw.zched high during

_positive peaks. Threshecld waveforms 349, 350 and 351
are high during positive peaks 339, 340 and 341.

25 Threshold . waveforms 352, 353 and 354 are low during
negative peaks 343, 344, and 345. Each peak, whether
positive or negative; of the read signal 337 genefates
peak waveform 356 which is a short clocking pulse that
occurs shortly after the read signal 337 peaks. Peak

30 waveforms 339, 343, 340, 344, 341, 345 and 342 of the
read signal 337 generate peak waveforms 358 through
364, respectively.

Threshold waveform 348 is inputted into the D port
of threshold delay D flip flop 366. Peak waveform 356

35 clocks threshold waveform 348 through this flip flop.
Delayed threshold waveform 368 is the Q output of
threshold delay D flip flop 366 which is exclusively
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causi ng the voltage drop across a Iinitihg resistor 392 to be alnost 5

“vol ts.

the emitter voltage of the transistor 396 is less than-the 2.5-volt 25
.base voltage of the transistor 396. Accordingly, the transistor 396 is off

so that the collector voltage across theg.collector resistor 397 produces an

i ncrease threshold waveform 399 which i s | ow.

The i ncrease threshol d

Because the emtters of the transistors 395 and 396 are connect ed,

vvaveff)rm31339 id;ﬁ'hﬁw:iiwehrbhabmm@aﬁe&ﬂm&@d-ex&hﬁeﬁmléh difte the read
si gna

t hreshol d wavef oﬁ(‘f ggn}gqug%% rg%‘%gfsB?gsﬁﬁgiggggétggge{’lgt%@%’g’g@’gi ased,

t hereby no

10

15

20

25

30

35

exclusive OR gate 370. The EXOR signal 372 has twice
the freguency of the original threshold waveform 348.

The EXOR signal 372 is inputted into the D port of EXOR

D flip flop 374 where it is clocked at read clock 37S.

F1 waveform 376 is the Q output of EXOR D flip flop

374. Read clock waveform 375 has a leading edge dufing

high pulses of EXOR signal 372, except when EXOR signal

372 is low for more than one read clock waveform 375.

Thus, the F1 waveform 376 is high except for the time

between the first read clock 375 pulse after the EXOR .
signal 372 is low for more than one read clock 375 and

the next EXOR signal 372 pulse.

F1 waveform 376 is OR’d with the EXOR signal 372
in envelope OR gate 378. The output of envelope OR
gate 378 is high except for the time from the first
read clock 375 after the EXOR signal 372 has been low
for more than one clock period until the sighal 372
goes high again. The output of envelope OR gate 378 is
clocked through the D input of envelope D flip flop 379
which is clocked by read clock 375. The Q output of
the envelope D flip flop 379 is F2 waveform 381. The
F2 waveform 381 is high except from the second read
clock .375 period after the EXOR signal 372 goes low.
until the next read clock 375 clocks a high for the
EXOR signal 372. The F2 waveform 381 is inverted
through the F2 inverter 383 and NOR’d with the EXOR
signal 372 in dynamic threshold NOR gate 385 to produce
the "dynamic threshold waveform 387. .The dynamic
threshold waveform 387 is high any time the EXOR signal
372 is low except when the F2 waveform 381 is low.
Thus, the dynamic threshold waveform 387 has an on-time
less than a half read clock 375 period excep;t when the
EXOR signal 372 is low on the next read clock 375
period. For this exception, the dynamic threshold
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| onger grounding the base of the transistor 395. Wen 35 t he dynam c

-t hreshol d wavef orm 387 goes high, the charging capacitor 394 starts
charging, creating a potential at the base of the transistor 395 that wll

-19- 1 rise exponentially up to the supply voltage, 5 volts. As the

filter bias signal 390 rises in voltage, the voltage at the emtter of the

transi stor 395 increases which equally inggeases the emtter voltage of the

5 transi stor 396. Wen this emtter voltage exceeds the

1 wavefornm 387 stays high from the end of the EXOR signal
372 until the second read clock 375 pulse.

The Dynamic threshold waveform 387 is used to

forward or reverse bias a biasing diode 389. When

5 dynamic threshold 387 is high, biasing diode 389 is
reverse biased. Conversely, when the dynamic threshold
waveform 387 is low, the biasing diode 389 is forward
biased. '

When the dynamic threshold waveform 387 forward

10 biases the biasing diode 389, the potential of the
filter bias signal 390 is higher by the junction
voltage of the biasing ciode 389. This potential is
0.6 volts for standard devices. The S5-volt supply
voltage drops across the limiting resistor 393 to the

15 potential of the filter bias signal 390, because the
voltage across the charging capacitor 394 is the
difference between the filter bias signal 390 and
ground. The charging capacitor charges up: to this
potential which is also the base voltage of a

20 transistor 395. This turns on the transistor 395,
causing the voltage drop across a limiting resistor 392
to be almost 5 volts. Because the emitters of the
transistors 395 and 396 are connected, the emitter
voltage of the transistor 396 is less than the 2.5-volt

25 base voltage of the transistor 396. Accordingly, the
transistor 396 is off so that the collector voltage
‘across the collector resistor 397 produces an increase
threshold waveform 399 which is low. . The increase
threshold waveform 399 is the signal that increases the

3o threshold of the read signal 377 detector during
periods of overshoot. :

When the dynamic threshold waveform 387 is high,
the biasing diode 389 is reversed biased, thereby no
longer grounding the base of the transistor 395. When

35 the dynamic threshold waveform 387 goes high, the
charging capacitor 394 ‘starts charging, creating a
potential at the base of the transistor 395 that will




base voltage by the junction potential across the enitter-to-base junction,
‘the transistor 396 is turned on. Turning on the transistor 396 causes the

i ncrease threshold waveform 399 to go high. 10 Under nor nal
operations, the dynam c threshold waveform 387 is pul sed-as descri bed
above. During normal read signals, the_dynam c threshold 387 is on for a
period equivalent to the on-period of r&38~cl ock 375. The charge tinme for

e o B %" e Wpkone (VF B0 S0 Al PAIRBC S i 00

under normal ci ASunEheanEtktex hhiag cpignal t BPRsHbses wibeVOARRS99 themi ns

| ow. However, dwiltage at the emitter of the transistor 395 increases
which equally increases the enmitter voltage of the

S transistor 396. When this emitter voltage exceeds the
base voltage by the junction potential across the
emitter-to-base junction, the transistor 396 is turned
on. Turning on the transistor 396 causes the increase
threshold waveform 399 to go high.

10 Under normal operations, the dynamic threshold
waveform 387 is pulsed as described above. During
normal read siénals, the dynamic threshold 387 is on
for a period equivalent to the on-period of read clock
375. The charge time for the voltage across the

15 charging capacitor 394 to exceed the base voltage of
2.5 volts is longer than this half clock period of
time. Thus, under normal circumstances, the increase
threshold waveform 399 remains low. However, during
periods of overshoot, the dynamic threshold waveform

20 399 is on for a longer period of time, thereby allowing
the charging capacitor 394 to charge to a voltage that
exceeds 2.5 volts, thereby triggering the increase
threshold waveform 399 to go high.

In FIG. 10, a host computer 410 which serves as a

25 source and utilizer of digital data is coupled by
interface electronics 412 to a data bus 414. As host
computer 410 processes data, and it wants to access
external memory from time to time, a connection is
established through interface electronics 412 to data

30 bus 414. Data bus 414 is coupled to the input of a.
write encoder 416 and the inpht of a write encoder 418.
Preferably, write encoder 16 encodes data from bus 414
in a low density, i.e. ANSI format and write encoder
418 encodes data from data bus 414 in a higher density

35 format. The t Proposal for 90 ‘MM Rewriteable

tic isk cartridges for Informatio terchange,
dated 1 January 1991, which describes the ANSI format,.
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peri ods of overshoot, the dynam c threshold waveform 20 399 is on for
-l onger period of time, thereby allow ng the charging capacitor 394 to
charge to a voltage t-hat exceeds 2.5 volts, ‘thereby triggering the increase
t hreshol d waveform 399 to go high. In FIG 10, a host conputer 410 which
serves as a 25 source and utilizer of digital data is coupled by
‘interface electronics 412 to a data bus 4Jl4. As host conputer 410 processes
data, and it wants to access external nenory fromtine to tine, a

connection i s esibih&dwsbrtdted Herdiire iy e flr@iiideQni Ofhet lditiputdatsr 30
bus 414. Data bus 414 is

bus 414, DAta bus ALt LR SRR o6 d Cahl4lBPHEe CLofplLd  S1E0888 8 el 2N
_ through a switch 422 to the write input of a magneto-
optical read/write head 420. The read output of head
5 420 is coupled alternatively through a switch 424 to
the inputs of a read decoder 426 and a read decoder
428. Read decoder 426 decodes data in the same format,
i.e. ANSI, as write encoder 416, and read decoder 428
decodes data in the same format as write encoder 41s.
10 Preferably, the encoding and decoding technique
disclosed above is employed to implement write encoder
418 and read decoder 428. The outputs of ancoders 426
and 428 are connected to data bus 414,
Responsive to a mode selection siqnal,' switch
1s control electronics 430 sets the states of switches 422
' and 424 into either a first mode or a second mode. 1In
the first mode, write encoder 418 and read decoder 428
are connected between data bus 414 and read/write head
420. In the second mode, write encoder 416 and read
20 decoder 426 é;e connected between data bus 414 and
read/write head 420. Read/write head 420 reads encoded
data from and writes encoded data zo a 490 millimeter
optical disk received by a replaceable optical disk
drive 432, which is controlled by disk drive
25 electronics 434. Read/write head 420 is transported
radially across the surface of the disk received by
disk drive 432 by position control electronics 436.
When a 90 millimeter disk in a high density format
is received by disk drive 432, a mode selection signal
30 sets the system in the first mode. As a result, data
from host computer 410 , to be stored on the disk, is
organized by interface electronics 412 and encoded by
write encoder 418, while data read from the disk is
decoded by read decoder 428, reorganized by interface
35 electronics 412 and transmitted to host computer 410
for processing.

a
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Preferably, wite encoder 16 encodes data frombus 414 in a | ow density,
-i.e. ANSI format and wite encoder 418 encodes data fromdata bus 414 in a
hi gher density 35 f or mat . The Draft Proposal for 90 MM Rewiteable
Optical Disk Cartridges for Information Interchange, dated 1 January 1991,

whi ch descri bes the ANSI format, -20- 1 I's incorporated herein by

reference. The outputs of WWIte encoder@f16 and 418 are coupl ed
al ternatively througgna syl bghyf27sdeed %1 45 LRBU od adhdRY RkE1

format is received by disk drive 432, a mode selection
signal sets the system in the second mode. . As a
result, data from host computer 410 , to be stored on

5 the disk, is organized by interface electronics 412 and
encoded by write encoder 416, while data read from the
disk is decoded by read decoder 426, reorganized by
interface electronics 412 and transmitted to host
computer 410 for processing.

10 ’ In certain cases, it may be desirable to modify
the laser for the first and second modes. For example,
different laser frequencies could be used or different
laser focussing lens systems could be used for the
different modes. In such case, the mode selection -

15 signal is also coupled to read/write head 420 to
control the conversion between frequencies or optical
lens focussing systems, as the case may be.

It is. preferable to organize the data stored in
both formats to have the same number of bytes per

20 sector, i.e., in the case of ANSI, 512 bytes. 1In such
'casé, éhe same interface electronics 412 can be used to
organize the data stored and retrieved from the disks
in both formats.

- In accordance with the invention, the same

25 read/write head, position control electronics, optical
disk drive, aisk drive electronics, interface
electronics and data bus can be employed to store data
on and retrieve data from optical disks in different
formats. As a result, downward compatibility from

30 higher density formats that are being developed as the
state of the art advances, to the industry standard
ASNI format can be realized using the same equipment.
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opti cal readLMLLLe_heéd_Azﬁh_Ihe read out put of head 5 420 i s coupl ed
-alternatively through a switch . 424 to the inputs of—a—+ead-decoder 426 and

AN as fjfllllﬂﬂﬁlllﬂmﬂlllﬁmﬁﬁr ead decoder iitsad'eilaﬁhe@ﬁﬁeffkﬁéeeéﬁ
format as writ'%e éncbdel 4%8." 10 Preferably, the mﬁ

decodi ng technique disclosed above is emd-oyed to i ncoder

418 and read decoder 428. The outputs of encoders 426 and 428 are connected
to data bus 414 WBMSE IS SLAIMED 38spnde sel ection signal, switch 15

control electronics 430 sets the states of swi tches 422 and 424 into either
a first node or a second I n
EP method for storing digital data on an

optical disk comprising the steps of:

5 generating a binary signal having first and second
binary values at a given clock interval representative
of the data;

generating energizing pulses having a duration
less than the clock interval during each clock interval

10 having one of the binary values;

directing a focused laser at the recording surface
of a rotating optical disk such that the laser beam can
selectively access one of a plurality of concentric
tracks on the recording surface; and '

15 applying the energizing pulses to the laser to

turn the laser beam on and off depending upon the value
of the binary signal.

2. Apparatus for recording data on an optical
20 disk comprising:

a source of digital data occurring at a given
clock interval; |
means for converting the data to a binary signal
having first and second binary values at a given clock
25 interval representative of the data;
an optical data storage disk having a recording
surface; ) '
means for rotatably driving the disk;
a laser having a focused beam;
30 means for directing the laser at the recording
surface such that the laser beam can access one of a
plurality of concentric tracks on the recording
surface;
means for denerating energizing pulses having a
35 duration less than a clock interval for converted data
having the first binary value; and
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the first node; . and read decoder 428 are connécted - "
"bet ween data bus 414 and read/wite head 420. In the Hﬁ@h&dHﬂ@i&Reﬁ(a&eﬁe

encoder 416 an HMQ""Fulﬂmmjer 426 are connected b 414
and read/ wri te ite head 420 .reads enc and
wites encoded data to a"49d mlllrreter o tical disk re

repl aceabl e optical disk drive 432, is controlled by di sk

drive 25 el ectroni head 420 is tra sported rad|aIIy
across the'surface of %hdgsdlt sﬁ%@yﬂ/%q’b F S HhEng 50s ity

control el ectromSeUIP e theodaser bﬁemepndagﬂ pfif arésmnsienslttoy forrrat
s received by dtlsk élérefizing pulgede sel ection signal

S 3. The apparatus of claim 2, in which the
converting means forms a binary signal that always

changes value within a predetermined multiple of the
clock interval.

10 4. The apparatus of claim 3, in which the
multiple is three.

5. The apparatus of claim 2, in which the
converti_ng means forms a binary signal that follows
15 eight to nine group code recording (GCR).

6. The apparatus of claim 2 wherein applying
means further comprises:

means for detecting predetermined sequences of
20 converted data; and
means for adjusting the time of applying the

energizing pulses wupon the occurrence of a
predetermined data seguence. '

25 7. The apparatus of claim 6 wherein said
predetermined data patterns comprise the data sequences
1100, 10100, 00100, and 000111.

8. A method of retrieving digital data on an
30 optical disk comprising the steps of:
directing a focused laser at the recorded surface
of a rotating optical disk such that the laser beam can
selectively access one of a plurality of concentric
tracks on the recorded surface; .
35 detecting the rotation of the laser beam reflected
off of the recorded surface, a change in rotation to
the first type representing the first binary value and
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30 sets the systemin the first node.

-conputer 410

*

Tﬂllmﬂﬂﬁlﬂuﬂﬁ[ﬁm Lo host conput er 2‘;{0'?

._to be stored on the disk, is organize erface
el ectronics 412 and encoded by wite encoder 418, whi
di sk i s decod 428

electronlcs 4
-2

enta ™0 sm [*l i meter - di skaga the Iom/denS|ty ANSI fornat

recelved by di sk drlve 432, a node sel ection

1

10

15

20

25

30

a change in rotation to the second type represanting
the second binary value; and

generating a binary signal that represents the
binary values that occur at a clock interval generated
from the occurrences of the binary values and changes

in reflectivity occurring at boundaries of the clock
interval.

. 9. An apparatus for reading data on an optical
disk comprising:

an optical data storage disk having a recorded
surface;

means for rotatably driving the disk;

a laser having a focused beam;

means for directing the laser at the recorded
surface such that the laser beam can selectively access
one of a plurality of concentric tracks on the recorded
surface; _

means for detecting the rotation of the laser bean
reflected off of the recorded surface;

means for converting changes in rotation to the
first type into the first binary value and changes in
rotation to the second type into the second binary

"value; and

‘"means for generating a binary signal that
represents the binary values that occur at a clock

" interval generated from the occurrences of the binary

values and changes in reflectivity occurring at
boundaries of the clock interval.

10. The apparatus of claim 9, in which the
converting means forms a binary signal that follows
eight to nine group code recording (GCR) decoding.

11. The apparatus of claim 9 wherein detecting

means further comprises means for altering the shape of
the detected signal.

As a resmﬁ'—fﬁﬁﬁ%*FﬁﬁihGSP——
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signal sets the aysLenLLn—%he—second node. As a result, data from host
*conputer 410 , to be stored o the disk, is nﬁmaatﬂchcbryR ephatedr f ace
el ectroni.cs ﬂ“lm ﬂ E wite encoder 416, fromthe
disk is decojm\lu;n r 426, reorgani zed by trom CS
412 and transn tt%ed"t o"host conput er 410_for proces

certain cases, it may be desirable to nnaPFy the | aser for t he flrst and

second modes. For exagpl candi GhgRERtub 356" ETHUTICLAREIN 4Re y5E0 O

different |aser focu35|nﬁ ens sg iens coul e use ] T SFent
modes. | n sucMe@RSe furkber,gempEl ees | BeRNS for papravwing sheovwidthl ed t o
read/ wite head ah@ inereasing the amplxtude of pulses of the detected

signal.
S
13. The apparatus of claim 12 wherein detecting
means further comprises means for adjusting _the
threshold of sensitivity of the detecting means to
overshoots in the detected rotation.
10

14. An optical data storage and retrieval system
comprising:
a source of digital data;
first means for encoding digital data in a
15 first format higher in density than ANSI;
second means for encoding digital data in a
second ANSI format;
means for utilizing digital data;
first means for decoding digital data from
20 the first format;

second means for decoding digital data from
the second format;

a disk drive for rece1ving a replaceable 90
millimeter optical disk;

25 means for reading encoded data from and

writing encoded data on a 90 millimeter optical disk
received by the drive;
means in a first mode for connecting the
first encoding means between the source and the reading
30 and writing means and the first decoding means between
the reading and writing means and the utilizing means;
means in a second mode for connecting the
second encoding means between the source and the
reading and writing means and the second decoding means
35 between the reading and writing means and the utilizing

means; and
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control the conversion between frequencies or optical Tens fOCl:tS—Si--F}g
-systens, as the case may be. It is,

preferabl e tomrsggégmgBe ta stored
i'n both for e nunber of byt es p .e.;
the case of Egl“ﬂmamuﬂmn I'n such case, the sa miﬂ, M ectronl cs
: can be used two organi e the data stored and ret _ e di sks in
bothforrrats -I'n accordance with the i nvz8®ion, the sane 25 ‘read/wite
head, position control electronics, optical disk drive, disk drive :
el ectroniks, i nt er f ace MeRBESt 19l cewibehing abpteennthe EhFisSy@nd o store

data on and retgdcdiy ddges,.romoptical disks in different

10

15

20

25

30

35
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formats. As a result, downward conpatibility from 30 hi gher density

-formats that are being devel oped as the state of the art advances, to the
i ndustry standard ASNI format can be realized using the same equi pnent. 35
-22 - WHAT IS CLAIMED | S: 1. An apparatus for recording data on an

optical disk, conprising: a source of digital data occurring at a given-
- cl ock

21-
ABSTRACT
OPTICAL DATA STORAGE AND RETRIEVAL SYSTEM AND METHOD

A first write encoder (418) encodes digital data in a first high density format. A second
write encoder (416) encodes digital data in a second low density, i.e. ANSI format. A first read
decoder (428) decodes digital data from the first format. A second read decoder (426) decodes
digital data from the second format. A disk drive (434) receives a replaceable 90 millimeter
optical disk. A read/write head (420) reads and writes encoded data on a disk. Control
electronics switches (430) depending on the recorded format in a first mode where the first
encoder is connected between a source of digital data (410), and in a second mode, the second

encoder is connected between the source and the head, and the second decoder between the head
and the utilizing apparatus.

 FIGURE 10




I nterval ; means for converting the data to a binary signal having first and
-second binary values at a given clock interval representative of the data;
an optical data storage di sk having a recordi ng surface; neans for
rotatably driving the disk; a |aser having a focused beam neans for
directing the laser at the recording surface so that the | aser beam can
access one of a plurality of concentric tracks on the recording surface;
means for generating energizing pulses having a duration | ess than a cl ock
interval for converted data having ¥®e first binary val ue; and

!
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means for applying the energizing pulses to the laser to turn the | aser
beam on and off responsive to the energi zing pul ses so that said converting
means forns a binary signal that changes value in nultiples of three clock
intervals. 2. An apparatus for recording data on an optical di sk,
conprising: a source of digital data occurring at a given clock interval

~ nmeans for converting the data to g/ginary signal having first and second
~ binary values at a given clock |nterval representative of the data; an

optical data storage disk having a gcorgzng surface; means for rotatably
: dr|V|ngthe di sk; %' _
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a |l aser having a focused beam neans for directing the laser at the
recording surface so that the | aser beam can access one of a plurality of .

concentric tracks on the recordi ng surface;

energi zi ng pul ses having a duration |less than a clock interval

converted data having the first binary val ue;

- 23 - neans for generating
for
and neans for applying the

energi zing pul ses to the Iaser to turn the l.aser beam on and off responsive

to the energizing
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pufses so that the converting neans forns a binary signal that follows
-eight to nine group code recording (GCR). 3. An- apparatus for

recording data on an optical disk, conprising: a source of digital data
occurring at a given clock interval; neans for converting the data to a

bi nary signal having first and second binary values at a given cl ock

I nterval representative of the data;}gloptical data storage di sk having a
recordi ng surface; mnmeans for rotatab?y d

riving the disk; a laser having a
focused beam neans for directing the |laser at the recording surface so
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that the | aser beam can access one of a plurality of concentric tracks on
-the recording surface; means for generating energizing pul ses having a
duration less than a clock interval for converted data having the first

bi nary val ue; and neans for applying the energizing pulses to the laser to
turn the | aser beamon and off responsive to the energizing pul ses, said
appl yi ng neans further including ne for detecting predeterm ned
sequences of converted data, and nmeans for adjusting the tinme of applying

t he energi zi ng pul ses upon the occurrence of a predeterm ned data sequence,

sai d predeterm ned data patterns eby I ncudi ng t he dat a
sequences 1100, 10100, 00100 and 000 ..:5’ '
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4. A nmethod of retrieving digital data on an optical disk conprising the
-steps of: directing a focused |aser at the recorded surface of a - 24 -
rotating optical disk so that the | aser beam can sel ectively access one of"-
a plurality of concentric tracks on the recorded surface; detecting the
rotation of the |laser beamreflected fromthe recorded surface, a change in

rotation to the first type representing the first binary value and a change
in rotation to 6/9

} |
| )

e e T T T ATVERN MOMTOR
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the second type representing the second binary val ue; and generating a
-binary signal that represents the binary values that occur at a clock

interval generated fromthe occurrences of the binary values and changes in
reflectivity occurring at boundaries of the clock interval. 5. An

apparatus for reading data on an optical disk, conprising: an
optical data storage disk having a recorded. surface; neans for rotatably
driving the disk; a |laser having a7ygcused beam neans for directing the

| aser at the recorded surface so that the | aser beam can sel ectively access
one of a plurality of concentricssracks on the recorded surface;
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means for detecting the rotation of the |aser beamreflected fromthe
recorded surface; neans for converting changes in rotation to the first
type into the first bi-nary value and changes in rotation to the second type
into the second binary val ue; and neans for generating a binary signal that
represents the binary val ues that ocqg@ at a clock interval generated from
the occurrences of the binary val ues and changes in reflectivity occurring
at boundaries of the clock interval. 6. . The apparatus of claim5 wherein
said converting nmeans forns a binary signal that follows eight to nine

group code recordi ng (GCR) . decodi e /. E;Ihe apparatus of claim5 wherein
sai d detecting neans - .%‘

-
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further includes means for altering the shape of the detected signal. 25

- 8. The apparatus of claim7 wherein said altering neans further includes
means for narrowing the width and increasing the anplitude of pulses of .
the detected signal. 9. The apparatus of claim8 wherein said detecting

means further includes neans for adjusting the threshold of sensitivity of
the detecting neans to overshoots in the detected rotation. 10. An optical
data storage and retrieval system gfnpri sing:
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PRt figGt

e

a source of _digital—data—first nmeans for encod| ng“
format higher in denS|t t han  ANSI ; second nmeans*ft voodi ngiedi-gi apagtdt.a.
in‘a second, Aﬂ“‘“’jﬁl‘ﬂ“‘ m for utilizing digt alvdata; : f st2neapagetioe.
decodi ng di gi first format; secend: areans; f |
digital data ffonft he second format; a disk drive f.ofi: recelyafmg a.to paged
repl aceabl e opti cal disk having a stan d dianeter; neans for reading

encoded data fromand witing encoded data on ? Qgﬁ@ggki;gﬂgﬁgqcauqusk

recei ved"HAT t F2 GRATMED IS:

1. An apparatus for recording data on an optical disk,
comprising:

a source of digital data occurring at a given clock
interval;

means for converting the data to a binary signal having
first and second binary values at a given clock interval
representative of the data;

an optical data storage disk having a récording surface;

means for rotatably driving the disk;

a laser having a focused beam;

means for directing the laser at the recording surface so
that the laser beam can access one of a plurality of concentric.
tracks on the recording surface; _

means for generating energizing pulses having a duration
less than a clock interval for converted data having the first
binary value; and

means for applying the energizing pulses to the laser to
turn the laser beam on and off responsive to the energizing

- pulses so that said converting means forms a binary signal that

changes value in multiples of three clock intervals.

2. An apparatus for recording data on an optical disk,

comprising: |

a source of digital data occurring at a given clock
interval; '

means for converting the data to a binary signal having
first and second binary values at a given clock interval
representative of the data; _

_an optical data storage disk having a recording surface;

means for rotatably driving the disk;

a laser having a focused beam;

means for directing the. laser at the recording surface so
that the laser beam can access one of a plurality of concentric

tracks on the recording surface,



means.in a first node for connecting said first encodlngmpg.
source and the reading and witing means and the firs

t he readi

second :node for con t he second encodi ng neans
;“mm;“ \ r\ gmgans and the second decodi ngf nd
readi ng and the utilizing neans; ard neans

bet ween

said first. and second nodes. _ 5462

means for generating energizing pulses having a duration
less than a clock interval for converted data having the first
binary value; and .

means for applying the energizing pulses to the laser to
turn the laser beém on and off responsive to the energizing
pulses so that the converting means forms a binary signal that
follows eight to nine group code recording (GCR).

3. An apparatus for recording data on an optical disk,
comprising:

a source of digital data occurring at a given clock
interval; '

means for converting the data to a binary signal having
first and second binary values at a given clock interval
representative of the data;

an optical data storage disk having a recording surface;

means for rotatably driving the disk;

a laser having a focused beam;

means for directing the laser at the recording surface so
that the laser beam can access one of a plurality of concentric
tracks on the recording surface;

means for generating energizing pulses having a duration
less than a clock interval for converted data having the first
binary value; and

means for applying the energizing pulses to the laser to
turn the laser beam on and off responsive to the energizing
pulses, said.applying'means further including means for detecting
predetermined sequences of converted data, and means for
adjusting the time of applying the energizing pulses upon the
occurrence of a predetermined data sequence, said predetermined
data patterns thereby incuding the data sequences
1100,10100,00100 and 000111.

4. A method of retrieving digital data on an optical disk
comprising the steps of:
directing a focused laser at the recorded surface of a
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rotating optical disk so that the laser beam can selectively

access one of a plurality of concentric tracks on the recorded
surface;

detecting the rotation of the laser beam reflected from the
recorded surface, a change in rotation to the first type
representing the first binary value and a change in rotation to
the second type representing the second binary value; and

generating a binary signal that represents the binary'valﬁes
that occur at a clock interval generated from the occurrences of
the binary wvalues and changes in reflectivity occurring at
boundaries of the clock interval.

5. An apparatus for reading data on an optical disk,
comprising:

an optical data storage disk having a recorded surface;

means for rotatably driving the disk;

a laser having a focused beam;

means for directing the laser at the recorded surface so
that the laser beam can selectively access one of a plurality of
concentric tracks on the recorded surface;

means for detecting the rotation of the laser beam reflected
from the recorded surface;

means for converting changes in rotation to the first type
into the first binary value and changes in rotation to the second
type into the second binary wvalue; and

means for generating a binary signal that represents the
binary values that occur at a clock interval generated from the
occurrences of the binary wvalues and changes in reflectivity
occurring at boundaries of the clock interval.

6. The apparatus of claim 5 wherein said converting means forms
a binary signal that follows eight to nine group code recording
(GCR) decoding.

7. The apparatus of claim 5 wherein said detecting means
further includes means for altering the shape of the detected
signal.
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8. The apparatus of claim 7 wherein said altering means further

includes means for narrowing the width and increasing the
amplitude of pulses of the detected signal.

9. The apparatus of claim 8 wherein said detecting means
further includes means for adjusting the threshold of sensitivity
of the detecting means to overshoots in the detected rotation.

10. An optical data storage and retrieval system, comprising:

a source of digital data;

first means for encoding digital data in a first format
higher in density than ANSI;

second means for encoding digital data in a second ANSI
format; '

means for utilizing digital data;

first means for decoding digital data from the first format;

second means for decoding digital data from the second
format;

a disk drive for receiving a replaceable optical disk having
a standard diameter;

means for reading encoded data from and writing encoded data
on a respective optical disk received by the drive;

means in a first mode for connecting said first encoding
means between the source and the reading and writing means and
the first decoding means between the reading and writing means
and the utilizing means;

means in a second mode for connecting the second encoding
means between the source and the reading and writing means and
the second decoding means between the reading and writing means
and the utilizing means; and o

means for switching between said first and second modes.



