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Field of the Invention |

This invention relates ;to storage and retrieval of data stored on various
magnetic and/or electronic. media and, more particu_laﬂy, to a method and apparatus
for storing and retrieving data in a magneto-optical disk system.
Background of the Invention | .

Various types of recordable and/or erasable media have been used for many
years for data storage purposes. Such media may include, for example, magnetic
tapes or disks in systems ﬁaving a variety of configurations.

Magneto-optical ("MO") systems exist for recording data on and retrieving
data from a magnetic disk. The process of recording in a magneto-optical system

typically involves use of a magnetic field to orient the polarity of a generalized area

-on the disk while a laser pulse heats a localized area, thereby fixing the polarity of

the locali_zéd area. The localized area with 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 "0", respectively.
| When recording data, a binary input data sequence may be converted by
digital modulation to a different binary sequeh’ce havihg more desirable properties.
A modulator may, for example, convert m :data bits to a code word with n
modulation code bits (or "binits ")-. In mdét cases, there are more code bits than data
bits — i.e., m < n. R ‘o '
Most if not all disk dnve Systems use run—length-llmlted ("RLL") modulation -
codes, such as RLL 2/7/ 1/2 or R_LL 1/7/2/3 codes. Another family of modulation



tapes or disks in systens having a variety of configurations.

Magnet o-optical ("MJ') systens exist for recording data on and retrleV|ng
data froma nmagnetic di sk. The process of recording in a magneto-opti cal
systen1typ|cally I nvol ves use of a nagnetgf field to orient the polarity of
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"1" or "0", respectively. Wien recording data, a binary input "data sequence
nmay be convaranhest ofpadiculirgiddes typrd:allytrefar toccestail Eheoding cbnstmmtss sycie tloe
havi ng nore desjrabl e properties. A nodul ator nmay, for exanp converf m

data bits tdelationsbiphstean bis nndﬁum reversalss 68 theminimugn and)p mm@uyn nymbemp st

cases, t tser f¢ontiguons b1 s lf)'ogssibfeh%rx]th%%{ %R frinsifions. For xample, a commonly
used encoding system- for pit-type recording is the RLL 2/7/1/2 code which
constrains the recorded information to have a minimum of two and a maximum of
seven zeroes between ones. In general, RLL recording provides a relatively high
data-to-pit ratio but may not, l_;owe\}er, in many circumstances allow for high data

10 storage densities because amplitude and timing margins deteriorate very rapidly as
frequency is increased. '

A GCR 0/3/8/9 code, on the other hand, not only requires nine flux
reversals for every eight data bits but further i'equires a minimum of no zeroes and
a maximum of three zeroes between ones. _

15 The density ratio of a given recording system is often expressed according
to the equatioh (m/n) x (d + 1), where m and n have the definitions provided
above, and d is defined as the minimum number of zeroes occurring between ones.
Thus, the RLL 2/7/1/2 code has, according to the above equation, a density ratio
of 1 .5, while the GCR 0/3/8/9 code has a density ratio of 0.89.

20 . For reading data in an MO system, a fcéused laser beam or other optical
device is typically directed at the recording surface of a rotating 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 from the reéorded surface
may be detected by means of Kerr rotation. A change in Kerr rotation of a first

25 type, for example, represents a first binary value. A change in Kerr rotation of a

| second type represents a second binary value. An output signal is generating from
the first and second binary values occurring at specified clock intervals. |
| Although there has beén a continual demand for disk systems capable of
storing increasingly higher data densities, the ability to achieve high data storage

30 densities has met with several limitations. As a general matter, the reasonable upper



Most if not all disk drive systens use run-length-limted ("RLL") .

nodul ation 30 codes, such as RLL 2/7/1/2 or RLL 1/7/2/3 codes. Another
fam |y of hodul ation 2 codes are group-coded recording ("GCR') codes,
such as GCR 0/11/8/9 or GCR 0/3/8/9 codes (sonetimes abbreviated as CGCR
8/9). The nunbers appended to the nanes of“particul ar codes typically refer
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recorded i nfoperatingspeed. IMaxiraum datadensities ave also affevted byrthefability to reject

various forms of noise, interference, and distortion. For example, the denser that

5 data is packed, the more intersymbol interference will prevent accurate recovery of

data. Moreover, because the technology for many intermediate and high

performance optical disk drives has been limited by downward éompatibility

constraints to older models, signal processing techniques have not advanced as

rapidly as they might otherwise have. |

10 When attempting to recover stored data, existing read channels of magneto-

6ptica1 and other types of disk drives commonly suffer from a number of problems

due to the unintended buildup of DC components in the read signal. One cause of

DC buildup results from the recording of unsymmetrical data patterns over a

number of bytes or data segments. A symmetrical data pattern may be considered

15 as one having an average DC component of zero over a region of interest. Because

sequences of recorded bits may be essentially random in many modulation codes,

however, localized regions of recorded data having particular patterns of 1’s énd

0’s will produce an unsymmetrical read signal having unwanted DC components.

Because the data patterns vary over time, the level of DC buildup will also vary,
20 causing wander of the DC baseline, reduction of threshold détection margins, and ™

greafér susceptibility to ndise and other interference.

Undesired DC buildup is also caused by variance in pit size due to thermal
effects on the writing laser or the storage medium. As the writing laser heats up,
for example, the spot size may increase leading to wider pits. When the recorded

25 pits are read, variations in pit size will cause an unsymmetrical input signal having
DC components. Variation in pit size not only causes undesired DC buildup but
also causes the relative locations of the data to appear shifted in time, reducing the
timing margin and leading to possible reading errors.

Various attempts have been made to overcome the described problems. For

30 example, various tape drive systems commonly use a DC-free code such as a



seven zeroes between ones. In general, RLL recording provides a relatively
high data-to-pit ratio but may not, however, in many circunstances allow
for high data 10 storage densities because anplitude and tim ng nargins
deteriorate very rapidly as frequency is ipcreased. A GCR 0/3/8/9 code, on
t he ot her hand, not only requires nine fluX reversals for every eight data
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have the definitions provided above, and i s defined as the m ni num nunber
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focused | gseg;Reamifion Hils %Pe'iﬁgfltypically involves detection of the peaks of a first
derivative of the input signal by detecting zero-crossings of the second derivative
of the input signal. Thus, the DC components are effectively filtered out. One
drawback of this method is that differentiation or double differentiation can cause
undesirable noise effécts. A second drawback is that the method may decrease the

10 timing margin to unacceptably low levels (e.g., by as much as 50 percent).

In another method for addressing DC buildup, the data to be stored is
randomized prior to recording such that none of the data patterns repeat over a data
sector. However, this method may not acceptable by ISO standards and may lack
downward compatibility with pre{ridus disk drive systems. As a fuﬂher drawback

15 = to this method, de-randomizing the data may be complex.

' Yet another method for controlling DC buildup involves the use of so-called
resync bytes between data segments. This method generally involves the
examination and manipulation of data before it is recorded in order to minimize DC
buildup upon readback. Before recording, two consecutive data segments are

20 examined to determine if the patterns of 1’s and 0’s are such as to cause positive
DC, negative DC, or no DC components when read back. If, for example, two
consecutive data segments have the same DC polarity, one of the data segments is
inverted prior to being recorded on the medium. In order to stay within the
constraints of the particular encoding system, however, a resync byte between the

25 segments may need to be written so fhat the pattern of contiguous bits and of flux
reversals is proper. A drawback of such a method is that it will not necessarily
reduce all DC buildup, and time constants must be determined such that the
predictable DC buildup will not affect performance. Further, the method requires

. additional overhead including the examination of data segments to determine their

30 relative polarity.
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5 algorithms, and while providing high data storage efficiency.

Summg_ry of the Invention

An apparatus and method is provided for retrieving densely stored data from

device is typically directed at the recording surface of a rot atﬁwﬁfg%%%?b BEE‘r\i
Al
d

various types of magnetic media. One embodiment of the invention generally
comprises the steps of differentiation, equalization, partial integration, and data
10 generation. The éteps of differentiation, equalization and partial integration may
generally provide a preprocessed signal cbrresponding to a playback signal but with
~ better resolution a.rid reduced noise. Data generation may further comprise the steps
of detecting the positive and negative peaks of the preprocessed signal in a manner
so as to account for the DC component, and genérating a threshold corresponding
15 to the midpoint of the measured positive and negative peak values. The method
further may involve the step of feeding back a signal indicative of variations in the
duty cycle of th_e output signal so as to enable tracking of the DC component by
positive and negative peak detection circuits.
Brief Description of the Drawings ‘
20 FIG. 1 is a block diagram showing an optical data storage and retrieval
sysiém; '
FIG. 2 is a series of sample waveforms associated with a GCR format;
FIGS. 3A and 3B are waveform diagrams of a symmetrical and
unsymmetrical input signal, respectively;
25 FIG. 4 is a block diagram of a read channel;
FIG. § is a more detailed block diagram of various stages of a read channel;
FIG. 5B is a detailed circuit diagram of a partial integrator stage;
FIGS. 6A-6E are frequency response diagrams of various stages of a read

channel; —
Has Been Replaced
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3limt for data density is determned in part by reliability requirenents,
the optical ,wavel ength of |aser diode, the quality of the optical nodule,
har dwar e cost, and operating speed. Maxi-num data densities are al so
affected; by the ability to reject various gorns of noise, interference, and
di stortion. For exanple, t.he denser that 5 data is packed, the nore

i ntersynbol interFRGe6FEsW plot B Y6 delay foRaTonfiANGSY of ktagads #n alMeagover,
because the technol ogy for nany intermnmedi ate and hi gh performance optical

di sk drives ¢hannbken [inited by downward compatibility constraints to ol der
nodel s, signal pr ssing techni ques have not advanced rapi dly as they
m ght ot herw se hﬁfﬁg: &}dg a wavetopa diagramshowing signabwavelorms gt wargus sfages

existing re I magnet o- optical -and ot her types of disk drives
comonl y suf et%g?régﬁcg‘a%ﬂber of problenms due to the unintended buil dup of

DC conmpongnts in FIG. 768G Blok diagrafifof 2 pek Gbtection and tracking circuit;
FIG. 8 is a schematic diagram of the peak detection and tracking circuit of
FIG. 7
FIG. 9 is a waveform diagram showing tracking by a threshold signal of the
DC envelope of an inpui signal; and
10 FIGS. 10A-10D are diagrams showing exemplary waveforms at various
points in a read channel. "
Detailed Description of the Specific Embodiments
Although the present invention is applicable to many different data storage
and retrieval systems, the following description of the preferred embodiment will
15 focus primarily on magneto-optical systems. In so doing, there is no intent to limit
the scope of the invention solely to devices which are magneto-optical in nature.
A detailed system for storing and retrieving data from a magneto-optical
device is provide in related application Serial No. 07/964,518 filed January 25,
1993, which application is incorporated by reference as if fully set forth herein.
20 A block diagram of an exemplary magneto-optical system is shown in Fig.
1. The system may have a read mode and a write mode. During the write mode,
a data source 10 transmits data to an encoder 12. The encoder 12 converts the data
into binary code bits. The binary code bits are transmitted to a laser pulse generator -
14, where the code bits may be converted to energizing pulses for turning a laser
25 16 on an off. In one embodiment, for example, a code bit of "1 " indicates that the
laser will be pulsed on for a fixed duration independent of the code bit pattern,
while a code bit of "0" indicates that the laser will not be pulsed at that interval.
Depending on the particular laser and type of optical medium being used,
performance may be enhanced by adjusting the relative occurrence of the laser

30 pulse or extending the otherwise uniform pulse duration. In response to being



DC buildup results fromthe recording of unsymmetrical data patterns over a
nunber of bytes or data segnents. A symmetrical data pattern may be
considered 15 as one having an average DC conponent of zero over a region
of interest. Because sequences of recorded bits .may be essentially random
in many nodul ati on codes, however, l|ocalizkd regions of recorded data
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signal havi "Wirface of the optical medium 18. The reflected laser beam has a polarization
dependent upon the polarity of the magnetic surface of the optical medium 18. The
reflected laser beam is provided to an optical reader 20, which sends an input signal
or read signal to a waveform processor 22 for conditioning the input signal and
10 recovering the encoded data. The output of the waveform processor 22 may be
provided to a decoder 24. The decoder 24 translates the encoded data back to its
original form and sends the decoded data to a data output port 26 for transmission

or other processing as desired.
Figure 2 depicts in more detail the process of data storage and retrieval using
15 a GCR 8/9 code format. For a GCR 8/9 code, a cell 28 is defined as one channel
bit. Each clock period 42 corresponds to a channel bit; thus, cells 30 through 41
each correspond to one clock period 42 of clock waveform 45. As an example of
clock speeds, for a 3%2" optical disk rotating at 2,400 revolutions per minute with
a storage capacity of 256 Mbytes, clock period 42 will typically be 63 nanoseconds
20 or a clock frequency of 15.879 Mhz. GCR input waveform 47 is the encoded data
output from the encoder 12 (see Fig. 1). The GCR input waveform 47 corresponds
to a representative channel sequence "010001110101 ". The laser pulse generator
14 uses the GCR data waveform 47 to derive the pulse GCR waveform 65 (which
in Figure 2 has not been adjusted in time or duration to reflect performance
25 enhancement for specific data patterns). Generally, the GCR pulses 67 through 78
occur at clock periods when the GCR data waveform 47 is 'high. The pulse GCR
waveform 65 is provided to the laser 16. The magnetization of the optical medium
reverses polarity as the laser is pulsed on and off (e.g., by utilising a
non-return-to-zero ("NRZ") driving signal to energize a magnetic recording head).
30 The laser pulses resulting from GCR pulses 68, 69, 70, etc., create a pattern of



DC conponents. Variation in pit size not only causes undesired DC buil dup
but al so causes the relative locations of the data to appear shifted in
tinme, reducing the tinming nmargin and | eading to possible reading errors.
Various attenpts have been nmade to overco t he descri bed problens. For 30
exanpl e,” various tape drive systens commonPy use a DC-free code such as a

£, 9012130, Catradl aheof hRAaT b TR e oSy Sl 200RPURE 88,
Core L5 RN 6 USRS, TR T Ol rpesn o 0o 5
doubl e Successive recorded pits 82 through 85 may merge together to effectively
create an elongated pit. The elongated pit has a leading edge corresponding to the
5 leading edge of the first recorded pit 82 and a trailing edge corresponding to the
trailing edge of last recorded pit 85.

Reading the recorded pits with an optical device such as a laser results in the
generation of a playback signal 90. The playback signal 90 is low in the absence
of any recorded pits. At the leading edge of a pit 86, playback signal 90 will rise

10  and remain high until the trailing edge of the pit 86 is reached, at which point the
playback signal 90 will decay and remain low until the next pit 87.

The above described process may be referred to as pulse width modulation
("PWM") because the width of the pulses in playback signal 90 indicate the distance
between 1-bits. Thus, the edges of the recorded pits 80 which define the length of

15 the pulses in playback signal 90 contain the pertinent data information. If the
playback signal is differentiated, the signal peaks 111 through 116 of the first
derivative signal 110 will correspond to the edges of the recorded pits 80. (The
signal peaks of the first derivative playback signal 110 in Fig. 2 are shown slightly |
offset from the edges of the recorded pits 80 because an ideal playback signal 90

20 is shown). In order to recover the pit edge information from the first derivative
signal 110, it is necessary to detect the signal peaks 111 through 116. Such a
process is described in detail further herein. ' |

In contrast; most if not all existing RLL 2/7 code systems are used in
conjunction with pulse position modulation ("PPM"). In PPM systems, each pit

25 representsa " 1" while the absence of a pit represents a "0". The distance between
pits represents the distance between 1-bits. The center of each pit corresponds to
the location of the daté. In order to find the pit centers, the playback signal is
differentiated and the zero-crossings of the first derivative are detected. Such a
technique may be contrasted with PWM systems, described above, in which the

30 signal peaks of the first derivative contaiti the pertinent pulse width information.




5 differentiation. This nethod typically involves detection of the peaks
of a first derivative of. the input signal by detecting zero-crossings of
t he second 'derivative of the input signal. Thus, the DC conponents are
effectively filtered out. One drawback of ghis nethod is that
differentiation or double differentiation €Tan cause undesirabl e noise
effects. A secon ' . : a | B3
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In both RLL and GCR codes, as well as other codes, when data patterns are
read, the input signal generated from the opticél reader 20 is often not symmetrical.

When an unsymmetrical signal is AC-coupled between circuits, the average DC
10 value shifts away from the peak-to-peak midpoint. The unintended shifting away
from the 'midpo_‘int may result in a shift in the apparent position of the data,
adversely affect the ability to determine accurately the locations of data, and reduce
timing margins or render the recorded data unrecoverable.
This phenomenon may be explained with reference to Figs. 3A and 3B.
15 Figure 3A shows an ideal input signal S, derived from a symmetrical data pattern.
Normaﬂy, transitions between 1°s and 0’s in the data are _détected at the midpoint
between high and low peaks of the input signal. It may be observed in Fig. 3A that
the areas A,, and A, above and below the peak-to-peak midpoint M, of the input
signal S, are equal, and the transitions between 1’s and 0’s correspond precisely (in
20 an ideal system) to the crossings of the input signal S, and the peak-to-peak
" midpoint Mp,. ' ' '

Figure 3B, in contrast, shows an input signal S, derived from an
unsymmetrical data pattern. It may be observed that the area A,' above the peak-to-
peak midpoint My, is greater than the are A,' below the graph. The input signal S,
25 therefore has a DC component that shifts the DC baseline DCp,sz above the
peak-to-peak midpoint M;,. When an attempt is made to locate transitions between
I’s and 0’s by determining the zero-crossings of the input signal S,, errors may be
made because the DC level is not identical to the beak-to—peak midpoint My,. The
DC level does not stay constant but rises and falls depending on the nature of the

30 input signal. The larger the DC buildup, the more the detected transitions will stray -



exam nation and mani pul ati on of data before it is recorded in order.to

m ni mze DC buil dup upon readback. Before recording, two consecutive data -
segnents are 20 examined to deternmine if the patterns of 1's and 0's are
such as to cause positive DC, negative DC, or no DC conponents when read
back. 1f, for exanple, two consecutive datld segnents have the sanme DC

polarity, one of the data segnent,s is_inv ed .prior to being recorded on
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reduce all DC buildup, and tinme constants nust be determ ned such that the
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read channel 200 comprises a preamplification stage 202, a differentiation stage
.204, an equalization stage 206, a partial integration stage 208, and a data generation
stage 210. The operation of the read channel 200 will be explained with reference
to a more detailed block diagram shown in Fig. 5, the waveform diagrams shown

10 in Figs. 10A-10D, and various other figures as will be referenced from timé to time
herein. N

When the optical medium is scanned for data, the pre-amplification stage 202.
amplifies the input signal to an appropriate level. The pre-amplification stage 202
may comprise a pre-amplifier 203 as is well known in the art. The pre-amplifier

15 203 may alternatively be located elsewhere such as within the optical reader 20. An
exemplary amplified playback signal 220 is depicted in Fig. 10A. .

The output of the preamplification stage 202, as shown in Fig. 5, is provided
to the differentiation stage 204. The differentiation stage 204 may comprise a
differential amplifier 212 such as a video differential amplifier configured with a

20 capacitor 213 in a manner well known in the art. A representative frequency
response diagram of the differentiation stage 204 is shown in Fig. 6A. The
differentiation stage 204 effectively increases the relative magnitudes of the high
frequency components of the amplified playback signal 220. An exemplary
waveform of the output of the differentiation stage 204 is shown in Fig. 10B.

25 The differentiation stage 204 is followed by an equalization stage 206 as
shown in Fig. 5. The equalization stage 206 provides additional filtering so as to
modify the overall channel transfer function and provide more reliable data
detection. The equalization stage 206 shapes the differentiated input signal so as to
even out the amplitudes of high and low frequency components and. generate a

30 smoother signal for later processing. Equalizing filters often modify the noise



[err] It would therefore be advantageous to have a nethod and device for
readi ng stored data froma nediumwi thout suffering the undesirable effects
of DC buil dup, wi thout creating unacceptable |evels of noise or
significantly reducing timng margins, w tggut t he requirement of |arge
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steps of differentiation, equalization, partial integration, and data

a degradation in the signal-to-noise ratio. Consequently, design of the equalization

stage 206 involves a compromise between attempting to minimize noise and

5 providing a distortion-free signal at an acceptable hardware cost. In general,

equalizer design depends on the amount of intersymbol interference to be

compensated, the modulation code, the data recovery technique to be used, the

signal-to-noise ratio, and the noise spectrum shape.

A substantial portion of linear intersymbol interference when reading stored

10 " data in a magneto-optical recording systém is caused by limited bandwidth of the

analog read channel and roll-off of input signal amplitude with increased storage

density. Accordingly, the equalization stage 206 may comprise one or more linear

filters which modify the read channel transfer function so as to provide more

reliable data detection. Normally, the equalization stage is implemented as part of

15 the read channel, but, under certain conditions, part of the equalization filtering can
be implemented as part of the write channel as well.

For purposes of analysis, thé playback signal can be considered as a series

of bipolar rectangular pulses having unit amplitude and a duration T. Alternatively,

~ the playback signal may be considered as a series of bidirectional step functions at

20 each flux reversal location, where the step amplitude matches the pulse amplitude.

When an input signal is applied to the equalization stage 206, clocking information

as well as pulse polarity for each clock cell or binit may be derived frqm the output

signal of the equalization stage 206. The clocking and polarity information may be

derived, -in theory, by use of an ideal waveform restoration equalizer, which

25 produces an output signal having mid-binit and binit boundary values similar to

those of the input signal. The zero crossings of the output signal occur at binit

boundaries in order to regenerate a clock accurately. If the zero-crossing time and

direction are known, both clock and data can be extracted from the signal zero

crossings.

30 In one embodiment, the equalization stage 206 comprises an equalizer



10 generation. The steps of differentiation, equalization and parti al
integration may generally provide a preprocessed signal corresponding to a
pl ayback signal but with better resolution and reduced noi se. Data
generation may further conprise the steps detecting the positive and
negative' peaks of the preprocessed signal a manner so as to account for

e 0 oMol RAISIAS! b Ga0folhAIRRHHE BHGRAA, Bl Wisrorm
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variations in the duty cycle of the output signal so as to enable tracking

of the DC cortherisput dryplayback wavefotmm éffwt comepe ek thievtherwise meatangular palsesef
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wavef or ms AssgGLalIedTid tljas@lta%ifgﬁ&n%{afy also exhibit some output signal amplitude
variation.

An equalizer which produces a minimum bandwidth output signal is an ideal
low pass filter with response of unity to the minimum cutoff frequency and no
response at higher frequencies. Although such an ideal low pass filter is not

10 physically realizable, the Nyquist theorem on vestigial symmetry suggests that the
sharp cutoff minimum bandwidth filter can be modified and still retain output pulse
zero crossing at all mid-binit cell times. To achieve this result, the high frequency
roll-off of the equalized channel is preferably symmetrical and locates the
half-amplitude point at the minimum bandwidth filter cutoff frequency.

15 One type of roll-off characteristic that may be exhibited by a filter in the
equalization stage 206 is a raised cosine roll-off, leading to the name raised cosine
equalizer. A raised cosine roll-off transfer function is approximately realizable, and
has an improved response over the minimum bandwidth filter. The output pulses
have a zero value at times nT, but the sidelobe damped oscillation amplitude is

20 reduced. The output zero crossings of the raised cosine filter are more consistent
than those of the minimum bandwidth filter, and linear phase characteristics are
more easily achieved with a gradual roll-off, such as with the relatively gradual
roll-off of the raised cosine filter. These advantages, however, are typically
obtained at the expense of increased bandwidth. The ratio of bandwidth extension -

25 to the minimum bandwidth, fm, is sometimes referred to as the "a" of the raised
cosine channel. Thus, in the case of a modulation code withd = 0, o = 0 is the
minimum bandwidth but represents an unrealizable rectangular transfer function,
while o = 1 represents a filter using twice the minimum bandwidth.

The impulse transfer function of the raised cosine equalization channel

30 (including the analog channel plus equalizer, but excluding the input filter) may be
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FIGS. 3A and 3B are waveform di agrans of a symmetrical and unsymetri cal

| nput signal, respectively; 25 FIG 4 is a block diagramof a read
channel; FIG 5 is a nore detailed block diagram of various stages of a
read channel; FIG 5A is a detailed circuig, diagramof a partial integrator
stage; FIGS. 6A-6E are frequency response ‘di agrans of various stages of a
read chfannelgfven af fgilngBF is a plot of group delay for a conbination of
stages in a tead channel;

H(f) =1,  for0< f< (1-0)*fm

H({f) = 172 {1 + cos [(f- (1 - &) * fm)/(2 * o * fm)]},
for(l-a)*fm < f< (1 + a)*fm

5 H({) = 0, forf > 1 + a) *fm

where ¢(f) = k *fis tﬁe phase, and k is a constant. The above family may
be referred to as o waveform restoration equalizers. The o = 1 channel has the -
property of havi;xg nulls at half-binit intervals as well as at full binit intervals: Such
a channel results in a signal having no intersymbol interference at mid-binit or binit
10 boundary times, which are signal zero crossing and sample times, thus allowing
accurate clock and data recovery. For such a full bandwidth equalizer, the roll-off
starts at zero frequency and extends to the cutoff frequency f..
Raised cosine equalizers are capable of correcting extensive amounts of
linear intersymbol interference given adequate signal-to-noise ratio. A large amount
15 of high frequency boost is ﬁsually required to compensate for MO-media loss and
optical short wavelength low resolution. An equaﬁzer bandwidth equal to at least
twice the minimum bandwidth is preferred for elimination of linear intersymbol
interference, assuming a physically realizable channel operating on a modulation
code with d = 0. A bandwidth of such a width generally results in reduction of the
20 signal-to-noise ratio. The equalizer bandwidth is selected so as to achieve the
optimum compromise between interference distortion and noise. In some instances,
it may be desirable to narrow the bandwidth by using an & < 1 transfer function
in order to improve noise at the expénse of added distortion in the form of clock
jitter.
25 Another waveform-restoration equalizer is known as the cosine 8 response

equalizer. The impulse transfer function of a full bandwidth 8 channel is as follows:



FIG 6Gis a waveform di agram show ng signal waveforns at various stages in
the read channel; 5 FIG 7 is a block diagramof a peak detection
and tracking circuit; FIG 8 is a schematic diagram of the peak detection
and tracking circuit of FIG 7; FIG 9 is wavef or m di agram show ng
tracking by a threshold signal of the DC égvel ope of an input signal; and
10 FI GS. 10A-10D are diagrans show ng exenpl ary waveforns at various
points in a read channel. Detailed Description of the Specific Enbodi nents

Al t hough the present iﬂﬂgntd@m(-j’rsf/@mgbcabﬂ‘oeo(zrfaa;yfdi fferent data storage
and retrieval systens, the follow ng description of the preferred

enbodi nent will 15 focus primarily on nmagneto-optical systens. In so doing,
there is no intent to Jimt ' :
ud'L o for £ > f,

Like the « equalizer family, there are numerous 8 equalizers. Full bandwidth
f8 equalizers have a cutoff frequency of f,, and consequently feduce clock jitter due
5 to the relatively small amount of interference at binit boundaries. Techniques are
known in the art for optimizing these type.s of equalizing filters to achieve the
minimum probability of error in various types of noise conditions.
Use of « equalizers generally results in a narrower bandwidth, thereby
reducing noise at the expense of clock jitter or horizontal eye opening. Use of a 8
10 equalizer generally results in signal-to-noise ratio improvement by reducing high
frequency boost without reducing the bandwidth. The choice of § equalizer may
reduce the vertical eye opening or an effective amplitude reduction. The = 1 and
B = 2 equalizer channels are identical from the standpoint of eye pattern, both
types of channels having a relatively wide open eye pattern.

15 A preferred equalizer channel bandwidth for codes with d > 0 does not
necessarily depend on the minimum _recorded pulse width, Tr, as might be
expectéd, but rather on the binit width, Tm. This is because the data-recovery
circuits are generally required to distinguish between pulses that differ by as little
as one binit width, and time resolution is a function of signal bandwidth. The (0,k)

20 codes (where k represents the maximum number of contiguous binits without flux
reversals) require a nominal bandwidth BWyo, = 1 /Tm = £, so as to eliminate
interference at the center and edge of each binit, provided that intersymbol
interference at binit boundaries is absent. |

For codes with d > 0, interference can be essentially eliminated at binit

25 edges with a reduced bandwidth of BW = 1/(2*Tm) = £/2. In such a case, all

binit read pulses then have unit ainplitude at a flux reversal, and the read-pulse tails

“cross zero at flux transitions. The narrower bandwidth BW results in output signal



t he scope of the invention solely to devices which are magneto-optical in
nature. A detailed.systemfor storing and retrieving data froma

magnet o-optical device is provide in rel ated application Serial No.
07/964,518 filed January 25, 1993, which aegllcatlon i s incorporated by

reference as if fully set forth herein. 20 A bl ock di agram of an
exenpl ary nmagags eroin ) 'no hée, R hsRlefing it EaYite?s VBt
read node and a Wrﬁ%e %g}{dt asiéD{Jnr?:Erfg t he vvrletgb n‘l*;%hmﬁaco atg sgurce e >/

transmts datthe t barmdwidtic oductién i5h eypicaltyd abtdifed owithr as inlcﬁeasatm |dﬁtect10n
bi nary code bits. The binary code bItS are transmtted to a | aser pul s&
generat or 14 amiHgnity indhe qesesicesofnehanpel impaisments. (Thechasrowes hgncbmdib; Wor
turning a | aser n of f

of 1" [ Satealih3pSilhdn, S.aeugtior %Setﬁg‘fﬁ?gw rorapesify %edlgpgfq%gﬁ) i
naopenters fudliniciscil i Wbeidn Mokl S, Hipel & gkl
| aser and typariatioas) asdbg ohdnned didferencessdr i 1mproper equalization. For example, a
half-bandwidth 8 = 2 equalization channel with a (1,k)2/3 rate modulation code
may result in a signal having no intersymbol interference at the signal zero
crossings, but some amplitude variation between zero crossings. The bandwidth is
10 less than the bandwidth for non-return to zero ("NRZI") modulation, even though
more informatip_n is recorded than with NRZI modulation (e.g., bandwidth = 0.75
and bit rate = 1.33 relative to NRZI). The reduced bandwidth makes up for the
modulation code rate loss.
The a =1 and § waveform restoration equalizers may permit output
15 zero crossings to occur at the equivalent of ihput pulse edges. Data detection can
then be obtained by hard-limiting the equalized signal, generally resulting in an
output signal resembling the original playback signal. However, this result occurs
only if the equalizer response extends to DC, which is typically not the case for a
magneto-optical channel. Low frequency loss in the MO channel causes drift up and
20 down of the DC baseliné, resulting in output binits which are lengthened or
shortened according to the degree of amplitude offset at zero—crossihg detector. This
problem can be reduced by the use of either a DC-free modulation code or,
preferably, DC restoration as described herein. In order to achieve the desired low
frequency response for a waveform-restoration equalizer, the low frequency signals
25 may have to be amplified significantly, which can seriously degrade signal-to-noise
ratio under some conditions. If low frequency n.oise is present in significant
amounts, waveform-restoration equalization techniques may not be very satisfactory
unless a modulation code with no DC and little low-frequency content or DC

restoration circuits are used.

30 In a preferred embodiment, the equalization stage 206 may comprise a |
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performance may be enhanced by adjusting the relative occurrence of . the
| aser 30 pulse or extending the otherw se uniform pulse duration. In
response to being 7 pul sed, the laser 16 heats |ocalized areas of an
optical medium 18, thereby exposing the Iﬁéalized areas of the optical
medium 18 to a magnetic flux that fixes t polarity of the magnetic

rater i al on il anbiog! SRS b WaBls: \RAP16A0 268, BB .’ Sden

"pits", st ofe e encode N nagheti1c formun

During the hfegrdied ehips drépeéscatyavailableeom vatidussdneRchirers TiRCfiker aid
the surface of the optical nedium 18. The reflected | aser beam has a

pol ari zat i oequalizer2Ft mayde ofan gquiripple varietycanthbanst relatively scomstant igneup
opt i. cal med idlé ayll% toTQ ‘f’requency equal to about twice the cutoff frequency. A representative
5 frequency response diagram of the equalization stage 204 is shown in _Fig. 6B, and

an exemplary output waveform is shown in Fig. 10C.

After the signal has been processed by the equalization stage 206, the signal
peaks of the waveform in Fig. 10C contain accurate information regarding the
position of the read data. The signal peaks can be detected by, taking another

10" derivative, but doing so may be detrimental to the system’s signal-to-noise ratio and
will likely cause undesired jitter. A preferred embodiment of the invention

" described herein provides an accurate means for detecting the signal peaks without
taking a second derivative, by using partial integration and a novel data generation
circuit.

15 After the signal has been. processed by the equalization stage 206, it is
pro#ided to a partial integrator stage 208 for further shaping of the waveform. As
illustrated in Fig. 5, the partial integrator stage 208 méy comprise an amplifier
stage 229, a bandpass filter stage 230, an integrator and low pass filter stage 232,
and a subtractor and low pass filter stage 234. The amplifier stage 229 receives the

20 output of the equalization stage 206 and provides a signal to the bandpass filter
stage 230 and the- integrator and low pass filter stage 232. The integrator and low
pass filter stage 232 preferably attenuates a selected range of high frequency
components. A representative frequency résponse 260 of the integrator and low pass
filter stage 232 and a representative frequency response 261 of the bandpﬁss filter

25 stage 230 are depicted in Fig. 6C. _

The output of the bandpass filter stage 230 is thereafter subtracted from the
output of the integrator and low pass filter stage i32 and filtered by the low pass
filter stage 234. A graph of the total frequency response of the partial integrator
stage 208, including the low pass filter 234, is shown in Fig. 6D. An exemplary

30 output waveform of the partial integrator stage 208 is shown in Fig. 10D.
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reflected | aser beamis provided to an optical reader 20, V\/n'cﬂmg@p@ga,mS BEEN
I nput signal or read signal to a waveform processor 22 for cpnditiReEpipggine

i nput signal and 10 recovering the encoded data. The out put'=sfF=te

wavef orm processor 22 may be provided to decoder 24. The decoder 24
transl ates the encoded data back to its or'iginal formand sends the decoded

data to a data o tgée%%lgﬁ ;cir.caﬁ JiQ%rah{eggif Eicxftﬁé.u?zﬂ- bRt t BF ?gﬁig(?&lriﬂt ator

desired. Figure I'N" mor € process o orag€ and

retrieval usiage iéﬁlus@raga?irBF%.CSBieinfMEUEB-, afdiffereniialinpu 2880239 ds fedkivedd i s
p

defined as one channel bit. Each cloc eriod 42 correéesponds to a channel
bit; thus, ecuthasfom thecaqializatienstage 206 cThe differentialdnpiti2d8, 230iis pravided

Eflﬁ? atl ﬁ’SV;I to Giderental, %Gmi?f%p%&féaqi{gﬁcmk A8 Rhawa ofigh diffprncaly Rmss s
frequency oS PRRRERaHamitrid Ys@fntty PARESRRACT shmife e’ 28
shown in Fig. 5. '

An output 249 from the differential amplifier 240 is connected to a pair of

| current generators 241 and 242. The first current generator 241 comprises a resistor
R77 and a PNP transistor Q61, configured as shown in Fig. 5B. The second current
10  generator 242 also comprises a resistor R78 and a PNP transistor Q11, configured
as shown in Fig. 5B.
An output from current generator 241 is connected to a bandpass filter 243.
The bandpass filter 243 comprises an inductor L3, a capacitor C72 and a resistor
R10, configured in parallel as shown in Fig. 5B. The bandpass filter 243 essentially
15 corresponds to bandpass filter stage 230 of Fig. 5. An output from the other current
generator 242 is connected to an integrator 244. The integrator 244 comprises a
capacitor C81 and a resistor R66, configured in parallel as shown in Fig. 5B.
An output from the integrator 244 is connected through a resistor R55 to a
NPN transistor Q31. Transistor Q31 is configured as an emitter-follower, providing
20 isolation with respect to the output of the integrator 244, and acting as a voltage
source. The emitter of transistor Q31 is connected to a low pass filter 245. The low
pass filter 245 comprises an inductor L6, a capacitor C66 and a resistor R49,
cdnﬁgured as shown in Fig. 5B. The integrator 244, emitter-follower inciuding
transistor Q31, and low pass filter 245 essentially correspond to the integrator and
25 low pass filter stage 232 shown in Fig. 5. The frequency response of the integrator
244 essentially corresponds to the frequency response 260 shown in Fig. 6C, while
the frequency response of the low pass filter 245 essentially corresponds to the
frequency response 261 shown in Fig. 6C. |
An output from the low pass filter 245 and an output from the bandpass filter
30 243 are coupled to a differential amplifier 246, configured as shown in Fig. 5B.
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output fromthe encoder 12 (see Fig. 1). The GCR i nbut wavef o mmé’SHEETH;AS BEEN
corresponds to a representative channel sequence "010001110101 ". HEPUADERD

pul se generator 14 uses the GCR data waveform 47 to derive th R

waveform 65 (which in Figure 2 has not begn adjusted in time or duration to
refl ect performance 25 enhancenment for sgé;cific data patterns). Generally,

the GCR pul i raimg : . Is V\Q&p .
wavef orm 47i§is§fe%|'7né" %ﬁ' ei}})%?zséeac rg\ﬂ/at\l/ag%%ggg i"(sm%?’ow dgwg‘%ﬁgﬁ?%%gga]l&
The magnet i aatpuiio Anothee 10 pass! filk&d24m Thy difféential amplifiea246hend Reepass
pul sed on and off (e.g., by utilising a non-return-to-zero ("NRZ") driving
signal to efilteni24y eorraspmstd csseatiallylitogthecsubtrac8yr amd lowspassplilterstage 234
resul ting frﬁm GCRrpuI ges 68, 69, 70, etc., create a pattern of

shown in Fig. 5.

5 Exemplary waveforms for the circuit of Fig. SB are shown in Fig. 6G.
Figure 6G shows first an exemplary inpuf waveform 256 as may be provided to
differential amplifier 240 from, e.g., equalizer 206. The next waveform 257 in Fig.
6G corresponds to an output from the bandpass filter 243 in response to the Fig.
‘5B circuit receiving input 'wa_veform 256. The next waveform 258 in Fig. 6G

10 corresponds to-an output from the low pass filter 245 in response to the Fig. 5B
circuit receiving input waveform 256. Waveform 258 shows the effect of operation
of the integrator 244. The function of low pass filter 245 is essentially to provide
a delay so as to #lign the output of the bandpass filter 243 and the integrator 244

" in time at the input of differential amplifier 246. Low pass filter 245 thereby

15 matches the delays along each input leg of the differential amplifier 246 prior to
differential summing. _

The final waveform 259 in Fig. 6G corresponds to an output from the second
low pass filter 247, after the signals output from the bandpass filter 243 and low
pass filter 245 have been combined and filtered. Waveform 259 typically exhibits

20 ' considerably improved resolution over the original playback signal read from the
magnetic medium.

It should be noted that the partial integration functions described with respect
to Figs. 5 and 5B are carried out using differential amplifiers (e.g., differential
amplifiers 240 and 246), thereby providing common ‘mode rejection or,

25 equivalently, rejection of the DC component of the input signal 238, 239. Another
feature of the embodiments shown in Figs. 5 and 5B is the relatively favorable
frequency response characteristics exhibited by the partial integration stage. In
particular, by combining an integrated signal with a high pass filtered signal (e.g.,
at subtracter and low pass filter block 214 or differential amplifier 246), noise is

30 removed from. the differentiated and equalized playback signal, but while
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8 recorded pits 80 on optical nedium 18. Thus, recorded pits 82 through 88
correspond to pul ses 68, 69, 70, 71, 73, 76, and 77, respectively.
Successive recorded pits 82 through 85 may nerge together to effectively:
create an elongated pit. The el ongated pijy has a | eadi ng edge correspondi ng
to the 5 | eading edge of the first recorded pit 82 and a trailing edge

Fecor dod pi ReipintE felalvety faffl1Beiinst Ahhe BE Sh it B inciiieh FAK, Rdaldifty
generation bbost prowideat sy th@ bahdpss filtee. pl ayback signal 90 is low in the

absence of any recorded pits. At the |eading edge of a pit 86, playback
signal 90 will riA@rimaryafusctienwf théricgmbination oftthetdifferantigtion gtagef 204 ethei t

Lt RN M ST M NN
as pul se gM Qi d-1998! i3 drP4bpropriate manner for facilitating data recovery. As can be seen
by comparing Figs. 10A and 10D, the resultant signal shown in Fig. 10D is similar
to the playback signal 220 of Fig. 10A (from which it was derived) but differs
therefrom in that thé amplitudes of its high and low frequency components have
been equalized and sharp noise-like characteristics removed. A graph of the total
10 frequency response for the combination of the differentiation stage 204, the
equalization stage 206, and the partial integration stage 208 is shown in Fig. 6E.
A gfaph of the total group delay response for the same chain of elements is shown
_' ~.in .Fig.' 6F. .
_ | It may be noted that tape drive systems presently exist utilizing equalization
15 and integration of a playback signal in order to faciﬁtate data recovery. However,
to a large degree such systems do not suffer from the problems of DC buildup
because they typically utilize DC-free codes. As. mentioned previously, DC-free
codes have the disadvantage of being relatively low .in density ratio and hence
inefficient. The present invention in various embodiments allows for the use of
20 more efficient coding systems by providing means for eliminating the effects of DC
| buildup without necessarily using a DC free code.
The output of the partial integrator stage 208 (e.g., the waveform in Fig.
~ 10D) is provided to a data generation stage 210. A block diagram of the data
generation stage 210 is shown in FIG. 7. The data generation stage 210 comprises
‘25 a positive peak detector 300, a negative peak detector 302, a voltage divider 304,
a comparator 306, and a dual edge circuit 308. The operation of the circuit show
iﬁ FIG. 7 may be explained with reference to Fig. 9. In Fig. 9, it is assumed that
a recorded bit sequence 320 has been read and eventually caused to be generated,
in the manner as previously described, a preprocessed signal 322 from the partial
30 integrator stage 208. It should be noted that the preprocessed signal 322 and various



("PWM') because the width of the pulses in playback signal 90 indicate the
di stance between 1-bits. Thus, the edges of the recorded pits 80 which
define the'length of 156 the pulses in playback signal 90 contain the
pertinent data information. |If the playbaglk signal is differentiated, the
signal peaks 111 through 116 of the first “derivative signal 110 w ||

correspond t gy LNG S8R5 MCdedefiD HCflal blerP YealiZ0 sSid0Hat RER Parfsel BF
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20 is shown). In order to recover the pit edge Iinformation fromthe first

derivative shgyanary imshape asd sizeefronr thase dépiated in Fég.s gndlelsayeherel 11
contrast, most | TThprepoosssed sfarmt A2S 1o fed e Rgpit i penl deteiign 3pg and the
coni unct g0 Wby ka9 VAR bERule 5L ek WEPSEIN S8 ol
di stance betRRS respectively, of the preprocessed signal 322. The positive peak output signal
330 of the positive peak detector 300 and the negative peak output signal 332 of the
negative peak detector 302 are depicted in Fig. 9. The positive peak output sigﬁal
330 and the negative peak output signal.332 are averaged by a voltage divider 304,
10 which is comprised of a pair of resistors 340 and 341. The output of voltage divider
304 is utilized as a threshold signal 334 and represents the approximate
peak-to-peak midpoint of the preprocessed signal 332. The output of the voltage
divider 304 is pfovi‘ded to a comparator 306 which cbmpares the divided voltage
with the preprocessed signal 332. The comparator 306 changes states when the
15 preprocessed signal 332 crosses the threshold signal 334, indicating a transition in
the read data from a 1 to 0 or a 0 to 1. The output of comparator 306 is shdwn as
output data waveform 362 in Fig. 9. As explained in more detail below, the output
data waveform 362 is fed back to the positive peak detector 300 and negative peak
detector 302 to allow tracking of the DC envelope. The output of the coniparator
20 306 is also provided to a dual edge circuit 350 which generates a unipolar pulse of
. fixed duration each time the comparator 306 changes states. ' -
The output of the dual edge circuit 350 provides clocking and data
information from which recovery of the recorded data may be had in a
straightforward manner. For example, in a pulse-width modulation ("PWM")
25 technique such as the GCR 8/9 modulation code described previously, each data
pulse output from the dual edge circuit 350 represents a transition in flux (i.e., a
recorded 1-bit), while the lack of data-pulse at clock intervals would represent the
lack of transition in flux (i.e., a recorded 0-bit). The sequence of recorded bits can
thereafter be decoded by decoder 24 (shown in Fig. 1) by methods well known in
30 the art to determine the original data.



pits represents the distance between 1-bits. The center of each pit.
corresponds to the location of the data. In order to find the pit centers,
t he playback signal is differentiated and the zero-crossings of the first
derivative are detected. Such a technique_nmay be contrasted with PW/
systens; described above, in which the 302k gnal peaks of the first

never thel ess. posdALPEier g0 RToPFELk 1K fIssEEielons SPIGRPY fie P Rort gehficn
ng ?nglc_):‘_ 5/ f’gﬂﬁﬁwave E%EQ%FW "@8&1 sys em de§°2‘ﬁ1@¥§98ar‘ ?er u5| ng
r\é\g/l a "1l " frem the ot %Egeial 362 Rythe peak detectorB. Thus, ltke ottput ofthecéamparatons,
306 is fed back to the positive peak detector 300 and the negative peak detector
5 302. This process may be explained further by reference to Fig. 8 which depicts
a more detailed circuit diagram of the data generator stage 210. As shown in Fig.
8, the preprocessed signal 322 is provided to the base of transistors Q2 and Q5.
Transistor Q2 is associated with the positive peak detector 300, and transistor Q5
is associated with the negative peak detector 302. Because the positive peak detector
10 300 and negative peak detector 302 operate in an analogous fashion, the duty cycle
feedback operation will be explained only with reference to the positive peak
detector 300, while those skilled in the art will understand by perusal of Fig. 8 and
the description below the analogous operation of negative peak detector 302.
- Transistor Q2 charges a capacitor C1 when the amplitude of the preprocessed
15 signal 322 exceeds the stored voltage of the capacitor C1 (plus the forward bias
_vbltage of the transistor Q2). In Fig. 9, it can be seen that the positive peak output
signal 330 charges rapidly to the peak of the signal 332. The.output signal 362,
through feedback, maintains the positive charge on the capacitor C1 when the
output signal 362 is high and allows the capacitor C1 to discharge when the output
20 signal 362 is low. Thus, if the output signal 362 is high, the positive charge on
capacitor C1 is maintained by transistor Q1 through resistor R2. Preferably,
resistors R1 and R2 are selected to be the same value so that charge is added to the
capacitor through resistor R2 at the same rate that it is discharged through resistor
R1, thus inaintaining as constant the net charge on capacitor C1. If, on the other
25 hand, the output signal 362 is low, then transistor Q1 is turned off and capacitor
Cl is allowed to discharge though resistor R1. The values of capacitor C1 and
resistor R1 are preferably selected such that the time constant is slightly faster than-
the speed of expected of DC buildup so that the capacitor C1 can track the change
in DC level as it occurs. |

30 The output of capacitor C1 is provided to the base of transistor'Q3. The



5 RLL 2/7 input waveformmay remain in the same state while a "0" occurs,
but changes from hi gh-to-low or |owto-high when a "1" occurs. In both RLL
and GCR codes, as well as other codes, vvhen data patterns are read, the

i nput signal generated fromthe optical %ger 20 is often not synmetrical.
When an unsynmetrical signal is AC coupl ed et ween ci rcwts t he average DC
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the |l ocations of data, and reduce timng rgins or render the recorded
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Figs. 3A and, 3B. 5 F| A shovvs n ideal input signal [err] derived
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Q3 is a PNP type resistor. Thus, the NPN-PNP configuration largely cancels out
adverse thermal effects that may be experienced with transistors Ql, Q2 and Q3

and also cancels out the bias voltages associated with their operation.
The negative peak detector 302 operates in an analogous fashion to the

10 positive peak detector 300 and is therefore not explained in greater detail. The
emitter of transistor Q6 yields negative peak output signal 332, '

As described previously, positive peak output signal 330 and negative peak
output signal 332 are averaged by a voltage divider 304 comprised of pair of
resistors R4 as shown in Fig. 8 to form threshold signal 334. The threshold signal

15 334 therefore constitutes the approximate midpoint of the peak-to-peak value of the
preprocessed signal 322 tracks the DC envelope of the preprocessed sigﬂal 322
through duty cycle feedback compensation.

Although the. duty cycle feedback has been shown in the preferred
embodiment as originating from the output of the comparator 306, it may be

20 observed that other feedback paths may also be utilized. For example, a similar
feedback path may.be taken from the output of dual edge circuit 308 if a flip/flop
or other memory element is placed at the output of the dual edge circuit 308. Also,
other means for measuring duty cycle and adjusting the threshold signal to track the
DC envelope may be utilized.

25 A preferred technique such as described generally in Figs. 4 and 5 includes
the step of differentiation of the playback sighal prior to partial integration,
followed thereafter by the step of DC tracking. The preferred method is particularly
suitable for systems having a playback signal with relatively poor resolution, and
may be advantageously applied,‘ for example, to reading information Stored ina

30 GCR format. In one aspect of the preferred method, the initial step of



the areas [err], and [err].above and bel ow t he peak-to-peak m dpoint [err]
of the input signal [err] are equal, and the transitions between 1's and -
0's correspond precisely (in 20 an ideal systen) to the crossings of the

i nput signal [err] and the peak-to-peak mdpoint [err]. Figure 3B, in
contrast, shows an input signal [err] derdded from an unsymetrical data

pméél f '[ %ﬂfﬁ&eﬁ%ﬁ&éﬁ@f&at Elow e dbengy [cﬁé{dwﬁ?rﬁﬁr%ig% Ekm .r?c%ﬁi%%}alﬁre@?kd‘e
[e?r‘], abovél%%ﬁle' %@%E@E%paesggamafc‘i% ﬁ)?g%g‘%r%ﬁ .‘ne%&bg{ﬁ an é%“t%‘g&rrgﬁ tﬁ%&%%ﬁ%

| ocat e trangedul@ria Retor@ion br padtidl restororef ﬂidTPIainﬂck Rignat whils peevidiy of
the input signal S2, errors magagbe made because the DC | evel is not

i denti cal t sapideesponiseidue o the highpassiboasgiZe. gThironhedandpasshiltenstage)aylhe
S gnar . e prefeged Metbadomial, be GaPRREANwith % Ml gn el infermaRBRof e
stray playback signal is carried out initially (i.e., prior to differentiation), which may lead
to an increased size of DC component and a correspondingly more difficult time in
tracking the DC component.
Alternate Embodiments
10 It will be appreciated that the various circuits and methods described herein
are not limited to magneto-optical systems but may also be useful in systems for
reading data on stored tapes and other types of disks as well and, in a more general
sense, in any system '(whe.ther or not a data storage systcrh) for processing electrical
signals in which it is desired to mitigate the effects of DC buildup.
15 While the invention has been particularly shown and described with
reference to certain embodiments, it will be understood by those skilled in the art
that various cha't_;ges in form and detail may be made without departing from the

spirit and scope of the invention.



10 fromthe true transition points. Thus, DC buil dup can cause tim ng
margins to shrink or the data to be unrecoverable Fig. 4 is a block

di agram of ‘a read channel 200 in accordance W|th one Pnbndi nment _of fhn
present invention for mtigating the effe& The 5

channel 200 roughly corresponds to the wa éform proces mliﬂmlglll ﬂ!"m The
read channel . Conprises.a preanplification stage 20 i on
st age 204, éﬁﬁggtfaﬁ%ﬁdi ‘stage 206, a partial integration stage 208, and
a data generation stage 210. The operation of the read channel 200 will be
explained with reference to a nore detailed bl ock diagram shown in Fig. 5,
t he wavef orm di agr.anms Ahmethod for detecting transitions in an input signal having a DC .

- component comprising the steps of: .
generating a threshold signal from said input signal,
5 ~ comparing said input signal fo said threshold, and generating an output .
signal thereby, and

adjusting said threshold signal in response to said output signal.

2. The method of claim 1 wherein said step of adjusting said threshold
signal in response to said output signal causes said threshold signal to track the DC

10 component of said input signal.

3. The method of claim 1 wherein said input signal comprises peaks

corresponding to locations of data stored on a medium.

4.  The method of claim 3 wherein said step of generating a threshold
comprises detecting the voltage levels of said peaks.

15 5.  The method of claim 1 wherein an amount of adjustment to said
threshold signal in response to said output signal is proportional to a duty cycle of

said output signal.
—
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10 in Figs. 10A-10D, and various other figures as wil I mm'fmmﬂ'ﬂmmﬂm
time to tinme herein. Wien the optical nediumis scanned
pre-anplificati on stage 202 anplifies the input signal to ah a prop i afe

| evel . The pre-anplification stage 202 maéjcorrprise a pre-anplifier 203 as
is well "known in the art. The pre-anplifi 15 203 may alternatlvely be

| ocat ed el sewhere, such, as he .0 al ader . An exen

anplified pl aybadk si g‘ﬁéﬁ‘et}ém?%??rsm}féf)‘flﬁgga %0 4R LONR {1861?{6 $trps
preamplificgjgon stage 202, as shown in Fig. 5, |s prow ded to the
differentiati on stage 204. The differentiation stage 204 may conprise a

differential anplrehding said stoped data and/ perwsrating aeple filbacﬂd sighall thicreby

configured with a 20 capacitor 213 in_a manner we known in the art. A
representative frpagtially yntegeatiogssaidiplayback signahe differentiation stage 204

IO 0 1S e hiah el HaeaP MRS YSE0 i S it S
partially integrated signal, and
generating an output signal indicative of said stored data by comparing said
partially integrated signal with said threshold signal.

_ 7. The method of claim 6 wherein said medium comprises a magneto-
10 optical disk.

8. The method of claim 6 further comprising the step of differentiating -
said playback signal prior to the step of partially integrating. '

9. The method of claim 6 wherein said step of partially integrating -
comprises: _ .
15 integrating said playback signal,
simultaneously with but separately from said integtating, bandpass filtering
said playback signal, and :
_taking a difference between 'said integrated signal and said bandpass filtered
signal.

20 - 10. The method of claim 9 further comprising the step of low pass

—_—

filtering said difference signal.
Sheet Has Been Reilaced
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frequency conponents of the anplified playback signal 220. An exerrp

waveform of the output of the differentiation stage 204
lOB. 25 ° The differentiation stage 204 is followe QI zlﬁmon
stage 206 as shown in Fig. 5. The equalization stage 206 prow desH

additional filtering so as to nodify the dPeral | channel transfer functlon

and provi de nore eI| e daj a,det c.tl The equal i zatd on stage 206 shapes
the differentiat gﬂﬂ? ﬂ%hﬁ‘ﬂ 030‘5 WQGE‘?*“&g'ldaf“ﬁB nRIer a r?ﬁi‘ﬁﬁp
and | ow freqg kowents and generate a 30 snoot her signal for |ater

pr ocessi ng. ualizi'ng filters often nodify the noise spectrum as wel |

as the signal. deb‘tectﬁtg positivenpiak voltdgheofsdaid pastiallynmtetirhfedr sighdlat ed
i nput signal (i.e.,, a reduction'in distortion) is usually acconpani ed by
detectmg a negative peak voltage of sa1d partially integrated signal, and

5 averaging said positive peak voltage and said negative peak voltage.

12.  The method of claim 11 further comprising the step of adjusting said
threshold signal in response to a state of said output signal.

13.  The method of claim 12 wherein said threshold signal is adjuSted by
decreasing a detected positive peak voltage when said output signal is in one of
10 either a low state or high state, and decreasing a detected negative peak voltage

when said output signal is in the other of said low state or high state.

14. The method of claim 6 wherein said threshold signal corresponds to
an approximate midpoint of said partially integrated signal.

15. A method for retrieving data stored on a medium comprising the steps
15 of:
reading said stored data and generating a signal thereby,
partially integrating said signal, _
generating a threshold signal corresponding to an approximate midpoint of -
said partially integrated signal, and | |
20 generating an output signal indicative of said stored data by comparing said
partially integrated signal with said threshold signal.

16.  The method of claim 15 wherein said medium comprises a magneto-
optical disk.

s Sheet Has Been Re laced
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a degradation in the signal-to-noise ratio. Consequently, design of

equal i zati on stage 206 involves a conpromn se between lM M! m[m ze
noise and 5 providing a distortion-free signal at an

cost. In general, equalizer design depends on the anmount o inter synbol
interference to be conpensat ed, the nmodul4ation code the data recovery

techni que to be ed, - he LSe ralio the noi se. ctr
shape. A substan i§al ag‘F %%g flcﬁ B "ﬁf%?%%ﬁ %‘?@ \%f?

readi ng stot fh?&n? ' arrm

lim teg bangﬁecﬁkae 3 ﬁa og réﬁef;gﬁﬂhjr%%gltﬁéﬁ O@geﬁ?é?ﬁﬁ’r‘i@ :aﬁplﬁ ngﬁgna
anpl i tude wahd dlffefemaaadgss‘aMﬁ@et dignal.t y. Accordingly, the equalization

stage 206 nmay conprise one or nore linear filters which nodify the read
channel transfer function so as to provr de nore reliable data detegtion.

Nor el 1y, e eaygli 234N ALA%% e IBLAIEDS S BBl R i
can 5 signal comprises:
integrating said playback signal,
simultaneously but separately with said integrating, bandpass filtering said
playback signal, and
taking a difference between said integrated signal and said bandpass filtered
10 signal .

19.  The method of claim 15 wherein said step of generating a threshold

signal comprises adjusting said threshold signal in response to said output signal.

20. The method of claim 19 wherein the adjustment to said threshold
signal is proportional to a duty cycle of said output signal.

15 21.  An apparatus for retrieving data stored on a medium comprisiﬁg:
means for reading said stored data and generating a signal thereby,
a partial integrator connected to said signal,
- a threshold generator connected to said partial integrator,
a data generator connected to said partial integrator and to said threshold
20 generator, said data generator comprising a comparator, and

a feedback path from said comparator to said threshold generator.

22.  The apparatus of claim 21 wherein said means for reading said stored

data and generating an input signal comprises a differentiator.
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be inplenented as part of the wite channel as well. For oses of
anal ysi s, the playback signal can be considered as a:s Ilﬁﬂﬂﬁum“ lﬁw

rect angul ar pul ses having unit anplitude and a durati o

the pl ayback signal may be considered as a series of bldlrectlonal step
functions at 20 each flux reversal |ocat 28n, V\/nere t he step anpl i tude
mat ches t he pul seanplitude. Wjen nput led to the,

equal i zati on st a?@ ZOéfh%Im{ﬂleaﬁ *HE'E %‘rﬁ rﬁE} Isa!fg E&'é‘é“ (RATEPYISSS Ay
each clock g¢g _ [H%Ey be derived fromthe output signal of the
equal i zation énggéoggghlt e clocking and polarity informati on may be

derived, in theory, by use of an ideal waveformrestoration equalizer,
whi ch 25 produces an output signal having md-binit and binit boundary
val ues sinilar t@4 hosBheapparatus of elaimi Zhwihereinsaiddhresholsbgénegaton generates

out put si gnal ai binit boundari.es ipn_ order to r erate a cl ock
accuratel y. B 1A SHOLG el uch Ngries Withh A B Gogmansht oF S -both cl ock
and data can be extracted fromthe signal zero

5 25.  The apparatus of claim 24 wherein said threshold signal corresponds

to an approximate midpoint of said signal.

26. The apparatus of claim 21 wherein said comparator is connected to

an output from said threshold generator and an output of said partial integrator.

27..  The apparatus of claim 21 wherein said partial integrator comprises:
10 an integrator connected to said signal, |

a bandpass filter connected to said signal, and

a subtracter connected to an output of said integrator and an output of said

bandpass filter.

28. The apparatus of 'clai-m 27 further comprising a low pass filter
15 connected to an oufput of said subtractor.

29.  Theapparatus of claim 21 wherein said threshold generator comprises:

a positive.peak voltage detector connected to said partial integrator,

a negative peak voltage detector connected to said partial integrator, and

a voltage divider connected to an output of said positive peak voltage
20 detector and an output of said negative peak voltage detector.

—_—
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crossings. 30 I n one enbodi ment, the equalizati on"'mes
an equal i zer 12 selected froma class of waveformr lu!u“lmli” L
equal i zers. Generally, a-waveformrestoration equali Zeeﬁ“maﬁ al
conprising a binary sequence resenbling t i nput or pl aybdck walef drm The
corners of the otherwi se rectangular puls of the resultant signal are

rounded because gna t d | R

resul tant signal §kr?ay al'so p%tﬁf?flg%@ #Wﬁglfqu Fﬁ@aﬁeeg%qlﬁ lﬁ}@épgéw%?&ow

An equal i ZekaidfPositive PEUIE Oltaze dctbEldMana s Wallf Regittvd\peakl Wlfige! detédtot, 46
causes an adjustment to a detected positive peak voltage or to a detected negative

peak voltage in dependence on a state of said feedback path.

5 31.  The apparatus of claim 30 wherein said detected positive peak voltage
is adjusted by decreasing its magnitude when said feedback path is in one of two
states, and said detected negative peak voltage is adjusted by decreasing its
magnitude when said feedback path is in another of said two states.

32. An apparatixs for locating transitions in a signal having a DC
10 component, said apparatus comprising: |

means for reading data stored on a medium and generating a signal thereby,

means for waveform restoration connected to said signal,

a threshold generator connected to said waveform i'estoratio_n means,

a data generator connected to said signal and to said threshold generator, said
15 data generator comprising a comparator, and

a feedback path from said comparator to said threshold generator.

33. The apparatus of claim 32 wherein said medium comprises a

magneto-optical disk.

34. The apparatus of claim 32 wherein said means for reading data stored

20 on a medium and generating a signal comprises a differentiator.

35. The apparatus of claim 32 wherein said means for waveform

restoration comprises an equalizer connected to a partial integrator.
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| ow pass filter with response of unity to the m ni num cut of f frequency and
no response at hi gher frequencies. A though such an |deailllmmlﬂ1m“ug

is not 10 * physically realizable, the Nyquist theorem on

suggests that the sharp cutoff mnimumbapdwidth filter chn %e 'modifTed and
still retain output pulse zero crossing aall nid-binit cell tines. To

achieve this resuylt, e hi fre oII-o.ff allzed channel
is preferably sy#ﬁ‘et r?ltchfl gt‘:&"{%‘i‘ aﬁ?ﬂi?ﬁ"ﬂ% ’%8 FAtor, comprises.
m ni mum bandwi dt 3, fiiy ﬁtofl&)ﬂhé%w %"ﬁﬁgcéig?l P s One type of roll-off

characteristic that be ex I'ted i n the equalization stage

206 is a rai sed edsndpassofilteptdnndctsditonsail sigrad, amdre rai sed cosine
equal i zer. A raised cosine roll-off transfer function is approxi mtely

real i zabl e, and Batbtractemgonneted txpoautpubof saidiintegratomand iuam aneput of saider .
The out puyt B e a zero value at times nT, but the sidel obe danped
oscil |l at Po QH%W rrs 20 reduced. The output zero crossings of the

rai sed cosine filter are nore consistent

37. The apparatus of claim 36 further compnsmg a low pass filter

connected to an output of said subtracter.

38.  The apparatus of claim 32 wherein said threshold generator comprises:
a positive peak voltage detector connected to said waveform restoration
10 means, '
a negative peak voltage detector connected to said waveform restoration
means, and
a voltage divider connected o an output of said positive peak voltage
detector and an output of said negative peak vdltage detector.

15 39.  The apparatus of claim 38 wherein said feedback path is connected to
said positive peak voltage detector and to said negative peak voltage detector, and
causes an adjustment to a detected positive peak voltage or to a detected négative
peak voltage in dependence on a state of said feedback path.

40.  The apparatus of claim 30 wherein said detected positive peak voltage

20 is adjusted by decreasing its magnitude when said feedback path is in one of two

states, and said detected negative peak voltage is adjusted by decreasing its
magnitude when said feedback path is in another of said two states.
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t han t hose .of the m ni num bandwi dth filter, and |inear phase

characteristics are nore easily achieved with a gradual Jzﬂmnmm'
with the relatively gradual roll-off of the raised cosinés c| ’H{m @r

advant ages, however, are typically obtained at the expense of tncFease
bandwi dt h. The ratio of bandwi dth extensidn 25 to the nini num bandw dt h,

fm is sonetines yreferred tfo the,"[err]" qf .the yaised cosine channel..
Thus, in the cas‘éfof A mﬁqc}jﬁ(),{e “&A‘laﬁad“@rﬁ}m{o@r f’]o“i *bph@’%laﬁg stgmalum
bandw dt h b&m&ﬁﬁ%gstﬁgts?%;ﬁnof"m eal i zabl e rectangul ar transfer function,

= re

while [err] resent's a'filter using twi ce the m ni mum bandw dth. The
I mpul se transf erdi&‘fyﬂ@ﬁﬁmgo;,aiatlﬂaywcf(eg%ﬁ@’si ne equal i zation channel 30

(i ncluding the anal og channel plus equalizer, but excluding the input
filter) may be equalizing said differentiated signal,
5 partially integrating said equalized signal,
generating a threshold signal which tracks the DC component of said
partially integrated signal, |
generating an output signal by comparing said partially integrated signal to
said threshold signal, and

10 adjusting said threshold signal in response to said output signal.
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13 given as follows: H(f) = 1, for0 < f < (1 -[err])*frH SHEETLARS BEEN
{1+ cos [(f- (1 - [err]) * fm/(2 * a* fm]}, for (1 - [erql) * Pureatss
(1 + [err]) * fm5 ' H(f) = 0, for f > (1 + [errrFr——fmwhere

[err](f) =k * f

referred to as [err] waveformrestoratio?;’?equal|zers

has the property of Ngpipecm hRiis dio RaJTIS R S

binit intervals:

Is the phase, and k is constant. The above famly nay be
The [err] = 1 channel
A as at full

Such~a~Cihranmet T esu a Ssrgrral gélé%ﬁ%el nt er symnbol

interference at md-binit gGAPANER

JRAGE IDRVYICEWhi ch are signal

zero crossing and sanple tines, us a ow ng accurate clock and data
recovery. For such a full bandw dth equalizer, the roll-off starts at zero

frequency and extends to the cutoff frequency [err].
Abstract

An apparatus and method for retrieving densely stored data from various

5 types of magnetic media. A medium is scanned to provide an input signal. The
input signal is conditioned through differentiation, equalisation and partial
integration. Positive and negative signal peak detectors are connected to thé
conditioned signal, and a threshold signal is generating corresponding to an average

or midpoint of the measured positive and negative signal peaks. An output signal

10 is generated by comparing the conditioned signal and the threshold signal. The DC
component of the input signal is accounted for by feeding back the output signal

and adjusting the threshold signal based on the duty cycle of the output signal.

Thls Sheet Has Been Replaced




Rai sed cosi ne equalizers are capable of correcting ext ensi v§l BHSBHEETIAAS BEEN
| i near intersynbol interference given adequate signal -to-noijse r aBEBLARED

| arge anount 15 of high frequency boost is usually required o Tonmpensate

for MO nedia | oss and optical .short maxflfggth | ow resol ution. An equali zer
bandw dth equal t0 at |east tw ce the’ ﬁ mum bandw dth is preferred for
elimnation of linear intersynbol interference, assum ng a phyS|caIIy _
real i zabl e channel operating on a nodul ation code with d —Tﬂs&ﬁabﬁﬂmﬁhﬁk ced -
of such a width generally results in reduction of the 20 SI

ratio. The equalizer bandwidth is selected so as to achleve

conpr om se between interference distortion and noise. In sone |ns ances
may be desirable to narrow the bandw dth by using an a < 1 transfer
function in order to inprove noise at y se of added distortion-in
the formof .clock jitter. 25 r waveformrestorati on equalizer
is known as the cosine [err] response
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equal i zer. The inpulse transfer function of a full bandwi dtlh

T Lﬁ, _E_Th ﬁ éEEN
is as follows: 14 [err] for 0 <f < [err] Hf) =0 [ iméi“éﬁﬁ f__.

> [err] Like the [err] equal i zer famly, there are nunerous [err]
equal i zers. Full bandwi dth [err] equal hzegs have a cutoff frequency of

[err],. and consequently reduce clock jitter due 5 to the—refafrvefy—SﬁﬁFF

anmount of interference at binit boundaries. Techniques" a
for optimzing these types of equalizing filters to ach
probability of “error in various types of noise condltlons
equalizers generally results in a narrower bandw dth, ther
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reduci ng noi se at the expense of clock jitter or horizontal eyﬁm 1 TidAS BEEN
Use of a [err] 10 equalizer generally results in signal-tolnoise FBLAGED

prem——

i mprovenent by reduci ng high frequency boost w thout reducing the

bandwi dth. The choice of [err] equalizeg/ggy reduce the vertical eye
opening or an effective anplitude reduction. The a = 1 and = 2 equal i zer
channels are identical fromthe standpoint of eye pattern, both types of
channel s having a relatively w de open eye pattern. 15 A preferred
equal i zer channel bandwi dth for codes with d > 0 does not necessarily
depend on~¥ée Fii num recorded pul se width, Tr, as m ght be expected, but
rather on the binit wdth, Tm This is because the data-recovery circuits
are generally required to.distinguish between pulses that differ by as

little as ofe binit wNth, and tine Wion is a,fungfl f signal
bandw dt h. (0, k) /2 codes (wheye k repyesen tHe Xi mum\nunber cfA,
contiguouy bints w/tho flux revgrsals) qui ¥Ye a noyi nal banywi dth
[err] = 1/6Tn1:\{s;7q so s to elipinate
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interference at the center and edge of each binit, provided|tnais SHEET HAS BEEN

intersynbol interference at binit boundaries is absent. For j{{codesREPLACED >
0, interference can be essentially el

ed at binit 25
reduced bandwi dth of BW= 1/(2*Tm = [er%

n such a, case, all binit read
pul ses then have unit anplitude at a flux reversal and the read-pul se

tails cross zero at flux transitions. The narro bandw dth BWresults in
out put si gnal 15 zero crossiWQS at a point OPTLO interference, wthout
. . h

considering binit centers, but

e bandwi dt fTeduction is typically
obtained with an increase in defection anbidquity in the presence of channel
i npai rments. The narrower bandwjdth BW 'g
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may also result in a reduction of the signal zero-crossing sl gpéhiiS SRichTndAS BEEN
to a5 potential increase in detection senS|t|V|ty wi th respggct t oRRBISEED

di sk speed vari ations, anal og channel m# i rences, or inproper-
equal i zati on. For exanple, a hal f - bandwPfl [err] = 2 equalization channel
with a.(l,k)2/3 rate nodul ati on code may result in a signal having no
intersynbol interference at the signal zero crossings, but sone anplitude
vari ati on between zero crossings. The bandwidth is 10 less than the
bandwi dth for non-return to zero ("NR7|") ul ation, evern though nore
information is rgcorded—than anh.NRZL modul dt i on (e.g., Randw dth = 0.75
and bit rate = 1133 r el atg—ve te NRZI ) . ! The rgduced bandwi dth nakes up for
t he nodul ation code rate Iqssr The [err] = 1land [er+] wadeform.restoration
equal i zers may pérnit outpat £5( zero jcrossings to bccur t he equi val ent -
of input pul se edges. Datla dé&e‘t4nn can ther be obtaine hqu-liniting
t he equalized signal, gerje dlgy resulﬂlng i ntan l . = 1
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out put signal resenbling the original playback signal. Howeve f”ﬂﬁﬁMEEesuk;BEEE—

occurs only if the equalizer response extends to DC, which is[typi REFLMWCRD

the case for a magneto-optical channel. gkpy frequency loss in
channel causes drift up and 20 down of<ﬁ e DC baseline, resulting in output
bi nits which are | engthened or shorte ey according to the degree of
anplitude offset at zero-crossing detgctgr. This probl em can be reduced by
the use of either a DC-free nodul at|on co ¢ ¢r, preferably, DC restoration
as described herein. In order to achlgwewtlgrdesired | ow frequency response
for a waveformrestorati on equalizey ﬂhe ow frequency signals 25 may
have to be anplified significantly,¢ mhlch can seriously degrade
signal -to-naise ratio under sque QQndltlons If | ow frequency noise is
present in significant amountg, wavekdr }restoration equalizé%ion

@@f%ry unl ess a nodul ation de with no DC.
estoration circuits gfe used.

techni ques may not be very sati s&
and little | owfrequency cont?nt"

Fleur

_\\______‘T;‘______
" This Sheet Has Been R,

II"!III ™




30 In a preferred enbodi ment; the equalization stage 206}| meySSbihf HiS BEEN
a 16 progranmable filter and equalizer 207 | ocated on an ingegrat LACED
chip. Such"integrated chips are presently available from various

manuf acturers. The filter anﬁequal i zer 20%¥7may be of an equi-ripple

vari ety and have rel atively nstant group delay up to a frequency equal to
about twice the cutoff f qu cy. Arepresentative 5 frequency response. .

di agram of the equali zati age 204 is shown in Fig. 6B,: alrhdsthBTIl@ lﬁed

out put waveformis shown |n Eg 10C. After the signal has' be
by the equalization stage .20 t he signal peaks of the wavefo

contai n "accur at e i nf or mafPon ttegardl ng the
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position of the read data. The signal peaks can be detected by.THIQBHEGT HAS BEEN
anot her 10 derivative, but doing so may be detrinmental to thg systRERIACED

signal-to-noise ratio and will likely cause undesired jitter. A prererred
enbodi ment -of the invention described het/dih provi des an accurate neans for
detecting the signal peaks w thout taking a second derivative, by using
partial integration and a govel data generation circui-t—315—+—-After—the
signal has been procesged .oy the equalization stage 206, it is provided to

a partial integrator ssages208 for further shaping of THiShe eplaced -
illustrated in Fig. 5 the,partial integrator stage ZOBJ i N
anplifier stage 229, aﬁbanﬁpass filter stage 230, an.in )W

pass filter stage 232,\{andda subtractor and |low pass filter stage 234. The
anplifier stage 229 recei Ws the 20 out put of the equalization stage 206

and provides a signal to the bandpass filter stage 230 and the integrator

and | ow pass filter stage 232. The integrator and | ow
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pass filter stage 232 preferably attenuates a sel ected range £ THS Ei%&gé%BEEN
frequency conponents. A representative frequency response 260jaf th -

i ntegrator and | ow pass filter stage 232 d a representative frequency
response 261 of the bandpass filter 25 2 égzge 230 are depicted in Fig. 6C

The out'put of the bandpass filter stage 230 is thereafter subtracted from

the output of the integrator andy ow, pass filter stage 232 and filtered by

the low pass filter stage 234y A ra@1 of the total frequency response of

the partial integrator stage.g08g Enc.l udi ng t he "O%lpﬁﬁﬁakﬁﬁeﬁk 34 S

shown in Fig. 6D. An exenplary 3@ ut! tput waveform of ",m I"] Im " n‘{ egr at or

st-age 208 is shown in Fig. 1@ [%rr]
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integrator stage is illustrated in Fig. 5B. in Fig. 5B, ‘a difff f er eREPBACED
i nput 238, 239 is received, ?such as fromthe equalization s 206 ——THe

differential input 238, 239§s provi ded0fd7differential anplifier 240,

17 A detailed circuit diagramof a parti-cul ar enbodi nent ofJaTIHNSHlﬁT HAS BET
' !f

configured as shown, which @ fferentially sunms its 5 inputs. Differential
anplifier 240 essentiall responds to anplifier stage 229 shown in Fig.
5. An output 249 fromt% dif frential anplifier 240 is connected to a pair
of current generators 241 add 242. The first current generator 241
conprises a resistor R77:.and, & PNP transistor Q56— —ecentigured as shown in
Fig. 5B. The second cur& 2LO generator 242 al. s&{"corrprl ses a resistor R78

and a PNP transistor QL C(mflgured as shown in Beptl b from
current generator 241 is cor§1ect ed to a bandpass f| ,' I,
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The bandpass filter 243 conprises an inductor L3, a capacitor EHAS BEEN
resistor R10O, configured in parallel as shown in Fig. 5B. Thel hand LACED

filter 243" essentially 15, corresponds to bandpass filter stage 230 of Fi g.
5. An output fromthe oth&r current genéraftldr 242 is connected. to an

integrator 244. The i egEator 244 conprises a capacitor C81 and a resistor
R66, configured in par\all§d as shown in Fig. 5B. An output fromthe

i ntegrator 244 is connect @B1.
Transistor Bl is confibgured as an emtter- f?ll row di ng 20

I solation with respeci\s\to:j he out put of the | acﬁnd acting as a
vol tage source. The emittex of transistor ‘0 a | ow pass
filter 245. The | ow pass filter 245 conpri ses a capacitor

66 and a resistor R49, configured as shown in F|g SB The i nt egrator 244,
emtter-foll ower |nclud| ng transistor B1, and | ow pass filter 245

essential |y cor rrespeng—t-o—ihe—i-Ri-egi-ai-of—ane—2b—I-ow "a-ss—f-ﬁu--s-t-ag-e 232
shown in Fig. 54 The frequgncy rlsponge of |t he |n’t/e)qp . N
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244 essentially corresponds to the'freqUency response 260 sho
whil e the frequency response of the |ow pass filter

245 essen

hWﬁ$i
i

.7 4G BEEN

corresponds .to the frequency response 261 shown in Fig. 6C. An oufput from
t he Iom1pass filter 245 and an output fA@wWXhe bandpass filter 30 243 are

configured as shown in Fig. 5B
Thi s Sheet Has Bgen Repl aced TH S SHEET HAS BEEN REPLACED 18

coupled'to a differential anplifier 246,

differenti al

Differential anplffier 246 differentially suns its inputs,
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output to another |ow pass filter 247. The differential anpli fi_ ITHIZ 8HERT HAS BEE
| ow pass filter 247 correspond essentl ally to the subtractor | ow REFLACED
filter stage 234 shown in Figw3. 5 13 enpl ary vvaveforms 5
circui't of Fig. 5B are shown i ig. 6G I'—najre 6G shows first an exenplary
i nput waveform 256 as may be pfqvided to differential anplifier 240 from
e.g., equalj, 206 The next orm 257 in Fig. 6G corresponds to an

out put fror i bandpass fil in response to the Fig. 5B CIfﬁgltéG
receiving ) vef orm 2 t waveform 258 in Fig, 6G 10
COI’I’ESpOI’ld’S tO anout romthe | owyass fi LT er ?A'—L| M r'esponse to the
Fig. 5B circuit recei VT"ng i Tiput wavef or MR56. “Wavef o 258 shows the effect
of operation of the integrator 2144 The fubhgction of/ | ow pass filter 245 is
essentially to provide a delay qo as to align the/output of the bandpass .

filter 243 and the integrator 2%4 intinme at&ie/ pey of differential

anplifier 246. Low pass filter 245 thereby
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15 matches the del ays al ong each input leg of the different|| AHISBPEET HAE BEEN
246 prior to differential summing. The final waveform 259 injFig. FBGLACED

corresponds to an output fromthe secgpp L§M/pass filter 247 —atter the
signals output fromthe bandpass filt 5 and | ow pass filter 245 have
been conbined and filtered. Waveform 259 typically exhibits 20

consi derably inproved resol ution over the original playback signal read
fromthe magnetic nmedium It should be noted {}iat the partial integration
functions described with respect to. Figs. 5 aqd 5B are carried out using
differential amplifiers (e.g., differential agplifiers 240 and 246),

t her eby providi ng coormon node rejection or, 25.f equivalently, rejection of
t he DC conponent of the input signal 238, 239§3Another feature of the
enbodi nents shown in Figs. 5 and 5B is the relgtively favorable frequency
. response characteristics exhibited by the part®fal integration stage. In
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signal (e.g., at subtracter and |low pass filter block 214 onj di f f BEERACEP
anplifier 246), noise is 30 renoved fram t,ge differentiated eqtrat T zed
pl ayback signal, but while This Sheet } een Repl aced [err] 19

mai ntaining relatively rapid response tine due in part to the high pass
frequency-boost provided by the band&ass filter. A primary function of the

particul ar, by conbining an integrated signal with a high p@swﬁsi&l-ﬂ@m‘db’-\s BEEN ‘u

conbi nation of the differentiation sfge 204, the equalization stage 206,
and the partial integration stage @O Is to shape the playback
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Lo

5 signal 220 in an appropriate manner for facilitating daty TeE&oHER H
can be seen by conparing Figs. 10A and 10D, the resultant g gnal RER
Fig. 10Dis simlar to the playback signal 220 of Fig. 10ATfromwhich it
was dertved) but differs therefromlri”{g # the anplitudes of its high and

| ow frequency conponents have been equalized and sharp noise-1like
characteristics remved. A graph of the total 10 frequency response for

t he conbination of the differenfiation stage 204, the equalization stage
206, and thé partial integratiop stage 208 is shown in Fig. 6E. A graph of
the total gioup delay response for the sanme chain of elenents is shown in
Fig. 6F. It nmay be noted that t ens presently exist utilizing
equal i zati ocp 15 and integratjontof a playback signal in order to facilitate
data recovegy. However, to ajlafge degree such systens do not suffer from
the probleng of DC buil dup bgcalise they typically utilize DC-free codes. As
menti oned pieviously, DC-free

1o

Flre. 9

310{...1L000L1000100011000110001'100011000110001
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‘%. ) . -
codes haye the disadvantage of being relatively lowin den%LWiSr%ﬂfﬁFJ HAg BEEN
hence inefficient. The present invention in various enbodifents BEP6HEERor

the use,of 20 nore efficient coding systens by providing means Tor
elimnating the effects of DC buil dupbtWthout necessarily using a DC free
code.. The output of the partial integrator stage 208 (e.g., the waveformin
Fig. 10D) is provided to a data generation stage 210. A bl ock di agram of
the data generation stage 210 is shown in FIG 7. The data generation stage
210 conprises 25 a positive peak detector 300, a negative peak detector
302, a voltage divider 304, a conparator 306, and a dual edge circuit 308.
The operation of the circuit showin FIG 7—fay-be explained with reference
to Fig. 9. In Fig. 9, it is assuned that a r%gprded bit sequence 320 has
been read and eventual |y caused to be generat'd§s a5 BeenReglped as

previ ously described, a preprocessed signal 3 I_ Mtial 30

i ntegrator stage 208. It should be noted that : ed' signal 322

and vari ous
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A . . : . f?wgrr
pur poses of il bustiration, and those skilled in the art wll

the actual waveforns nmay vary in shape and size fromthose d
9 and el sewhere. The preprocessed signal 322 is fed to the posi = :
detector 300 and the 5 negative peak det ect or 302 whi ch measure and track

52%. piﬁiet posi t1ve 1o diuld Grdrefore b advaniagess tehuvsca medied Red Aoviee det pradaes)
2re depi cted$ F%@%%@%ﬁﬁéﬁﬁ?i&%@éﬂf@{éw RIS EREA T 15¢ Yk,
negative peakyithéRUbreatingatinateép@bl IARIAUT nBike 20 AigrifBaritly iré@hciAf 4iming

margins, without the requirement of large amounts of overhead or de-randomizing

20 ot her waveforns described herein have been idealized sone a;gggﬁ,qﬂ(c:;;é‘,f"““::‘
a preC| abe f
e

5 algorithms, and while providing high data storage efficiency.
Summary of the Invention ' | _

An apparatus and method is provided for retrieving densely stored data from
various types of magnetic media. One embodiment of the invention generally
comprises the steps of differentiation, equalization, partial integration, and data

10 generation. The steps of differentiation, équalization and partial integration may
generally provide a preprocessed signal corresponding to a playback signal but with
better resolution and red.uced'noise. Data generation may further comprise the steps
of detecting the positive and negative peaks of the preprocessed signal in a manner
so as to account for the DC component, and generaﬁng a threshold corresponding

15 to the midpoint of the measured positive and negative peak values. The method
further may involve the step of feeding back a signal indicative of variations in the
duty cycle of the output signal so as to enable tracking of the DC component by

| positive and negative peak detection circuits. |
Brief Description of the Drawings

20 FIG. 1 is a block diagram showing an optical data storage and retrieval
‘system,;

FIG. 2 is a series bf sample waveforms associated with a GCk format;

FIGS.. 3A and 3B are waveform diagrams of a symmetrical and
unsymmetrical input signal, respectively;

25 FIG. 4 is a block diagram of a read channel;

FIG. 5 is a more detailed block diagram of various stages of a read channel;

FIG. 54 is a detailed circuit diagram of a partial integrator stage;

- FIGS. 6A-6E are frequency response diagrams of various stages of a read

channel



10 which is conprised of a pair of resistors 340 and 341. Th
vol tage dividef 304 is utilized as a threshold signal 334 and
the approxi mate peak-to-peak m dpoint of t he preprocessed S|g
out put of the voltage divider 304 is provided to a conparator:

e e 2 il

mmwfm SHEET

repr esent S

aba:3320 8 BrEER. 1996
L206-—whi

5 et ll

conpares the divided voltage with the preptbcessed signal 332. The

conpar at or 306 chan

es_states when the 15 preprocessed signal 332 crosses

the threshol d si grﬁaﬂe@ﬂ@d cincitctiagnam ef armmulabmbndnn@t adpattiahintegnator 1
to O or a 0 to 1., The output_of s dat a
haver or m 362 SAgeis JNSMS TLFEE- ol Fig: S0 & SErEPRiAlaeNt 298 2 s TRk

wavef orm 362

peak det ect orhé‘bégﬁg?‘gﬁ% %ﬁ#lacﬁﬁﬁgﬁg?%ﬁg% enve%})lgfemwggg gﬁg@@ga%ffo Yﬂ?d
conparator 2@o diﬁ@rdnﬁaalamplm&\amdcdrﬂigmré@aﬂs $hd8n, OWhih afo&Qnﬁﬂlw Bums its

generates a uni pol arﬂgu se of fixed duration each time the conpar at or 306

changes stdat ésput¥h®i

and data

10

15

20

30

rential aimplifeerd240 esstptiatlyr corresp®nds fo ampliier: stangi?
shown in Fig. 5.

An output 249 from the differential amplifier 240 is connected to a pair of
current generators 241 and 242. The first current generator 241 comi)rises a resistor
R77 and a PNP transistor Q61, configured as shown in Fig. 5. The second current
generator 242 also comprises a resistor R78 and a PNP transistor Q11, configured
as shown in Fig. 5a. |

An output from current generatoi' 241 is connected to a bandpass filter 243.
The bandpass filter 243 comprises an inductor L3, a capacitor C72 and a resistor

R10, configured in parallel as shown in Fig. 5a.. The bandpass filter 243 essentially

‘corresponds to bandpass filter stage 230 of Fig. 5. An output from the other current

generatof 242 is connected to an integrator 244. The integrator 244 comprises a
capacxtor C81 and a resistor R66, configured in parallel as shown in Fig. 5a.

An output from the integrator 244 is connected through a resistor R55 to a
NPN transistor Q31. Transistor Q31 is configured as an emitter-follower, providing
isolation with respect to the oﬁtput of the integrator 244, and acting as a voltage
source. The emitter of transistor Q31 is connected to a low pass filter 245. The low
pass filter 245 comprises an inductor L6, a capacitor C66 and a resistor R49,
configured as shown in Fig. 5A. The integrator 244, emitter—follower including
transistor Q31, and low pass filter 245 essentially correspond to the integrator and
low pass filter stage 232 shown in Fig. 5. The frequency response of the integrator
244 essentially corresponds to the frequency respdnse 260 éhown in Fig. 6C, while
the frequency response of the low pass filter 245 essentially corresponds to the
frequency response 261 shown in Fig. 6C.

An output from the low pass filter 245 and an output from the bandpass filter
243 are coupled to a differential amplifier 246, configured as shown in Fig. 5A.



informati on from which recovery of the recorded data may be hhREPLAGEMENT SHEET
strai ghtforward- manner. For exanple, in a pul se-w dth nodul atjfon (" Ii\yk 65
t echni que such as the GCR 8/ 9 nodul ati on code descri bed previpistey:,. E
data pul se output fromthe dual edge circuit 350 represents
flux (i.e., a recorded 1-bit), while the ligck of data pul se at clock

intervals woul d represent the lack of transition in flux (i.e., a recorded
0-bit). The Bitprential arﬂphﬁenZ%dlfﬁeresnaﬁyl stins rxtsahpats hrd ¢pecvidesi a kifferemtidbr
24 (shown in Fig. 1) met hods well known in 30 the art_to determine the

ori gi nal dat%!ltPUt tozqnqt ebl@wass)ﬁ#pbaém Jherdiffierential amplifies246aand: oW pass e
DC portion Oftﬂ rh547 correspond essentially to the subtractor and low pass filter stage 234
shown in Fig. 5.

5 Exemplary waveforms for the circuit of Fig. 5a are shown in Fig. 6G.
Figure 6G shows first an exemplary input waveform 256 as may be provided to
differential amplifier 240 from, e.g., equaiizer 206. The next waveform 257 in Fig.
6G corresponds to an output from the bandpass filter 243 in response to the Fig.
'5.A circuit receiving input waveform 256. The next waveform 258 in Fig. 6G

10 corresponds to an output from the low pass filter 245 in response to the Fig. 5a |
circuit receiving input waveform 256. Waveform 258 shows the effect of opefation
of the integrator 244. The function of low pass filter 245 is essentially to provide
a delay so as to align the output of the bandpass filter 243 and the integrator 244
in time at the input of differential amplifier 246. Low pass filter 245 thereby

15 matches the delays along each input leg of the differential ampiiﬁer 246 prior to

' differential summing. I'
| The final waveform 259 in Fig. 6G corresponds to an output from the second
low pass filter 247, after the signals output from the bandpass filter 243 and low
pass filter 245 have been combined and filtered. Waveform 259 typically exhibits

20 considerably improved resolution over the original playback signal read from the
magnetic medium,

It should be noted that the partxal mtegratlon functions described with respect
to Figs. 5 and 5A are carried out using differential amplifiers (e.g., differential
amplifiers 240 and 246), thereby providing common mode rejection or,

25 equivalently, rejection of the DC component of the input signal 238, 239. Another
feature of the embodiments shown in Figs. 5 and 5A. is the relatively favorable
frequency response characteristics exhibited by the partial integration stage. In
particular, by combining an integrated signal with a high pass filtered signal (e.g.,
at subtracter and low pass filter block 214 or differential amplifier 246), noise is

30 removed from the differentiasted and equalized playback signal, but while



preprocessed signal 322, a preferred enbodi nent feeds back\l mAcEMmT SHFET
I nformation frromthe output signal 362 to the peak detect olf S. Thus, . the
out put of the conparator 306 is fed back to the positive p ajgtedetﬂs(&rﬁ
and-the negative peak detector 5 302.- Thig process may be
by reference to Fig. 8 V\/mch depicts a rrt?rsze detarled circuit diagram of the

data generator stage 2] el e} d signal 322
is provided to the ba& i"g’i@g@ S

associ ated with the positi ¥ PRAJFROVEL IO Vicgnsi stor B is
associated with the negatrwp‘ex—%e%%%m t he positive peak
détector 10 300 and negative peak detector 302 operate in an anal ogous
fashion, the duty cycle feedback operation will be explained only with
reference tAbstracthositive peak detector 300, while those skilled in the art
wi || understand by perusal of Fig. 8 and the description bel ow the

anal ogous operation of negative peak detector 302. Transistor @ charges a

capacitor Cl whent Qﬁpﬁ‘gms' i netliod 86 Pét?l@{rﬁl(\geaér?s%ly stored data from various

5 types of magnetic media. A medium is scanned to provide an input signal. The

input signal is conditioned through differentiation, equalisation and partial
integration. Positive and negative gignal peak detectors are connected to the .
conditioned signal, and a threshold signal is generating corresponding to an average
or midpoint of the measured positive and hegative signal peaks. An output signal

.10 is generated by comparing the conditioned signal and the threshold signal. The DC
component of the input signal is accounted for by feeding back the output signal
and adjusting the threshold signal based on the duty cycle of the output signal.

Figure 1



15 signal 322 exceeds the stored voltage of the capacitor CR £ ﬁgt&¢t T SIEET
forward bias voltage of the transistor Q). In Fig. 9, it céan %% Eﬁs
t he; posi‘ti ve peak output signal 330 charges rapidly to the

signal 332. The output signal 362, through feedback, mainta
charge on the capacitor Cl when the outpd¥#18ignal- 362 is high and al | ows
the capacitor Cl to discharge when the output 20 signal 362 is low Thus,
if the output signal 362 is high, the positive charge on capacitor Cl is

mai nt ai ned by transistor QL thr stor R2. Preferably, resistors Rl
and R2 are selected to be the gane val ug so that charge is added to the
capacitor through resistor R2 gt tHessa rate that it is discharged .

t hrough resistor Rl, thus nalnualmg ag. constant the net charge on
capacitor Cl..1f, on the other ;25 Ehand,| the out pul signal 362 is |ow, then
transistor QL is turned off and céd@a®itqdr O is allpwed to discharge though
resistor RL. The val ues of capdcitor Cljand resistor Rl are preferably

sel ected such that the tine co slightly fapter than
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the speed of expected of DC buildup so that the capacitor CBEEthEMﬁﬁTf SHEET
change in DC level as it occurs. 30 The out put of ggapacit
provided to the base of transistor @. The 22 vol t age ||pPete :g¥..1 he ---------------

~enmtter of B is a bias voltage |evel above the output of Capacrtor CI.
Current is drawn through resistor R3 whhefy allows the emtter of transistor
@B to follow the voltage of the capacitor ClL (offset by the emtter-base

bi as voltage). Thus, the emtter of transistor B yields positive peak
output signal 5 330. It should be noted that transistors QL and 2 are NPN
type transistors while QGoggr 2gPNPad ype rsesmatm Bhusse tdrze 3PNs®NRo 41
configuration |argely cancel s out
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adverse thermal effects that may be experienced with transi|sREPEACEMEND SHggT
@B and al so cancel s out the bias voltages associated with tlheir ofdkBatic8ni9gp
The negati've peak detector 302 operates in an anal ogous faghPai§ t-o-the- 16

positive peak detector 300 and is therefore not explained i greater
detail. The emitter of transistor Qb yiebgﬁ7negative peak out put signal
332. As described previously, positive pe out put signal 330 and negative
peak out put signal 332 are averaged by a voltage divider 304 conprised of
pair of resistors R4 as shown in Fig. 8 to formthreshold signal 334. The
threshol d signal 15 334 therefore constitutes the approxi mate m dpoi nt of
t he peak-to-peak value of the preprocessed signal 322 tracks the DC
envel ope of the preprocessed signal 322 through duty cycl e feedback
conpensation. Although the duty cycle feedback has been shown in the
preferred enbodi ment as originating fromthe output of the conparator 306,
it may be - o
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20 observed that other feedback paths may al so be utilized. FpspgmagwgﬁrquET
simlar feedback path may be taken fromthe output of dual edge C|rcwd§

if @ flip/flop or other nmenory element is placed at the outp toaﬂnﬂhg _____________________
edge circuit 308. Also, other neans for neasuring duty cycle

the threshold signal to track the DC envetfe may be utilized. 25 A
preferred techni que such as described generally in Figs. 4 and 5 includes

the step of differentiation of the playback sifignal- prior to partial
integration, followed thereafter bj/the step ¢f DC tracking. The preferred

method is particularly suitable for/systens having a playback signal wth
rel atively poor resolution, and nmay be ad sly applied, for exanple,
to reading information stored in aj30 GOR format.J I n one aspect of the
preferred nmethed, the initial step]of

:

210

GENERATION

ROAD CHANNEL
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23 differentiation reduces the | ow frequency conponent fromit REPLACEMERY SHEET

pl ayback signal. In another aspect of the preferred nethod, |the partial
integration stage results in restoration or partial restoratj Bateof 11&5E3"¥N5"
pl ayback signal while providing rapid response due to the hi st

(e.g., fromthe bandpass filter stage). T&75 preferred nmethod nay'be
contrasted with a nethod in which integration of the playback signal .is

carried out initially (i.e prior to differentiatiorf, which may lead to
an increaseq_ste_ni_ conpnneng and|a cogrgsppndin ¥_nnne_dLgficuIt time
in trackingjthe DC ent. Al ternafe Enfpodi nents 10 It ywill be
appreci ated!that the vqgious cireuitsjand met hods desicri bed herein are not
limted to #agneto-mgiézl syste¢s but nay:also be ugsful in sy%tens f or
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readi ng data on stored tapes and other types of disks as welil gePOrcEMERT SHEET
nore general sense, in any system (whether or not a data stdrage systeng 95
g2zt RE. B |

for processing electrical signals in which it is desired to

effects of DC buil dup. 15 VWil e the invention has bed

shown and described with reference to cer®/a7n enbodi ments, it will be
understood by those skilled in the art that various changes in._formand

detail may be nade wi thout departing #+ahkhhe spirit and scapgupd stBET HAS BEEN

i nvention. 24 What is clainmed is: T g» lierr] RepLABED
nethod for detecting transitions in an|input signal having a=B& -
5 . .
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conmponent conprising the steps of: generating a threshold silfywEPLACEmMESAI SHEET

I nput signal, 5 conparing said input signal to slaid threshold,
and generating an output signal thereby, and adjusting said imra§;hﬂj.ﬂ..§?£3..‘.3%..
signal in response to said output signal. 2. The net hod of =t

wherein said step of adjusting said thresh@l7d signal in response to said

out put signal causes said threshold signal to track the DC 10 conponent of
said input signal. 3. The nethod of claim 1 wherein said input signal
conpri ses peaks corresponding to Iocatig§? of data stored on a nmedium 4.
The nethod of claim3 wherein said step generating a threshold conprises’

detecting the voltage | evels of said _pe&Egs. 15 5. The met hod of
claiml1l wherein an anmount of adjustrmgnt ko said
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. | — '
threshol d signal in response to said output signal is propor ﬁgﬁéﬁCF&FQTSHEET
duty cycle of said output signal. This is the replacenent s ttLgra];EB\

6. @ A rmethod for retrieving data stored on a medi um conpri ‘he stepgs: -
of : reading said stored data and generating a pl ayback signal thereby, -
partially integrating said playback signd//175 generating a threshold
signal which varies with a DC conponent of said
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partially integrated signal,

said stored data by conparing said partially integrated si
The met hod of claim®6 wherein said
di sk. 8.
the step of differentiating said playbacglikgnal

The net hod of

t hreshold signal. 7.
a magneto- O optical

partially integrating. 9.

partially integrating conprises:
simul taneously with but separately from
filtering said playback signal

and sai d bandpass fklt

I ntegrated signa

and generating an output sign

The nethod of claim6 furt
prior to th
claim6 wherein sa
integrating said p
said integrating, ba
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RERUAGEMENE SHEET
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] —
signal. 20 10. The nethod of claim9 further conpri sf MEALACEMENT SHEET |

| ow pass filtering said difference signal. This is the repl agene
26 11. « The nethod of claim6 wherein said step of generati %*%ﬁr@méggs -----

signal conprises: detecting a positive peak voltage of said partraity

I ntegrated signal, detecting a negative pﬁ257voltage of said partially
I ntegrated signal, and 5 _averaging said positive peak voltage and
sai d negative peak voltage. :
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12. The nethod of claim11l further conprising t
threshold signal in response to a state of said
nmet hod of claim 12 wherein said threshold signa

a detected positive peak voltage when said output signal is

he step of afff T
out put signa..égﬁ%ggkﬁgy

i s adjusted b(g%%gcge{ﬁ@
o e

PsHeET

o

either a low state or high state, and decreasing a detected negative peak

vol tage when said output signal is in thelbtiher
state. 14. The nethod of claim®6 wherein said t
to an approxi mate m dpoint of said partially int

reading said stored data and generating a gnal

of said | ow state or

hi gh

hreshol d si gnal corresponds

egrated signal. 15.

t hereby, partially

met hod for retrieving data stored on a ne%§§n1conprising the steps 15 of:

integrating said signal, generating a thr

approxi mat e m dpoi nt of ég o
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said partially integrated signal, and 20 generating ajfOUrpc ' =
I ndi cative of said stored data by conparing said partially it WW&"EET

signal with said threshold signal. 16. The method of claim whereidg =4 1896
medi um conpri ses a magnet o- optical di sk. Thi 5[?%6 th@gﬁ“iEEBI “““
repl acenent shoot 27 17. The method of_claim15 wherein sald step of

reading said stored data and generating a < dnal t hereby conprises the
steps of generating an input signal and differentiating said input signal.
18. The method of claim 15 wherei n%ai gﬂs@%gf partially integrating said

2
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. . . . . . . REPLAC!ﬁMEIT)T SHEET
5 signal conprises: integrating said playback signal, sinuftaneous

separately with said integrating, bandpass filtering said hﬁxgasrﬁp$§
and taking a difference between said integrated signal and &
filtered 10 signal. 19. The nmethod of claim 15 wherein said step of
generating a threshold signal conprises;gdyusting said threshold signal in
response to said output signal. .20. The nethod of claim 19 wherein the
adjustnment to said threshold si nal is proportional to a duty cycle of said
out put signal. 15 21. A apparatus for retrieving data stored on a
medi um conprising: means for r ng said stored data and generating a
signal thereby, a partial integr] r connected to said signal,

hf‘lnﬁ(‘(‘
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FIGURE 6g.
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a threshold generator connected to said partial integrator, gata -
generator connected to said partial integrator and to said t BERLAGEMENT SHEET

generator, said data generator conprising a conparator, and feedgﬁqiiqﬁ;M§ﬁ
fromsaid conparator to said threshold generator. 22. The a i (| s

claim 21 wherein said neans for reading %$i? stored data and generating anm
i nput signal conprises a differentiator. HLE the repl acenent sheet [err]
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RBPOAGEMES P QHEET

magnet o-opti cal disk. 24. The apparatus of claim 21 wherei
generator generates-a threshold signal which varies with a conponent o
said signal. 5 25. The apparatus of claim 24 wherei

| Sakd. 4 I SFROIRE .
signal corresponds to an approxi mate m dpoint of said signal QLE%% ﬁﬂﬁ

apparatus of claim 21 wherein said conpanaypyr is connected to an out put
fromsaid threshold generator and an output of said partial integrator. 27.
The apparatus of claim21 wherein said partial integrator conprises: 10

an integrator connected to said signal|, a bandpass filter connected to said
signal, and .a subtracter connected tg|@h output of said integrator and an
out put of said bandpass filter. 28. dilge apparatus of claim 27 further
conprising a |low pass filter
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15 connected to an out put of said subtractor. 29. The appa
21 wherein said threshold generator conprises: a positive p Zﬁé‘ﬁLﬁcﬁéﬁ%Ea

detector connected to said partial integrator, a negative pgagk,NoR} 8g:
detector connected to said partial integrator, and a vol t agé—diider 77"

connected to an output of said positive Eg k vol tage 20 detector and an
out put of said negative peak vol tage det . Thisis the r epl acenent
sheet [err] 29 30. The apparatus of cIa|n129 wherein said feedback path
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‘sai d positive peak voltage detector and to said negative p BEPbAQEMéNiﬁﬁgET
detector, and causes an adjustnent to a detected positive ak vﬂlﬂa
to, a -detected negative peak voltage in dependence on a statp Qafe isai-gremmeee

f eedback path. 5 31. The apparatus of claim 30 whererm sard
detected positive peak voltage is adjusagglyy decreasing its nagnitude when
sai d feedback path is in one of two states, and salid detected negative peak
voltage is adjusted by decreasing its magnitude when said feedback path is
in another of said two states. 32. An apparatus for l|locating transitions
in a signal having a DC 10 conponent, said apparatus conprising: neans for
readi ng data stored on a nedium and generating a signal thereby, neans for

wavef orm r gSTOFaLLON cqpnected 1o spid sfogpa_—_a _tnrgsnol d_geser al Qi
connected flo eatﬁ:maveforﬁgggggfrat on npare—g Tata genffétﬁ£ coprscted to
th d giner gt ore—sard = = _
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15 data generator conprising a conparator, and a feedbac
conparator to said threshold generator. 33. The apparat
wherein said nedium conpri ses a nmagnet o-opti cal disk. 34.j
cl ai m 32 whekrein said neans for reading data stored 20 ony| &afedi-tm-ang """
generating a signal conprises a differeni/dfor. 35. The ratus of claim
32 wherein said neans for waveformrestoration conprises an equali zer

connected to a partial integrator. Thlri—s—si—sjlthe repl acenent sheet [err]
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30 36. The apparatus of claim 35 wherein said partial integrator’
conprises: an integrator connected to said signal, a bap, IﬂcBMEﬂ WMEN T¢
connected to said signal, and a subtracter connected tom-pm—vkwds—
integrator and to an output of said 5 PAndpass fitter—37_The apparatus
of claim36 further caonprising a | ow pass filter to an out put of
sai d subt Whatds clamed i$5e apparatus of claim 32 mmﬂm shol d
generator conprises: a positive peak voltage deteg o sai d
wavef orm restoration 10 neans, a negative peak voltage det ect or connect ed

to said wavefoym real getlidd for Gtbting®fnsitions in an input signal having a DC
' component coinprising the steps of:
generating a threshold signal from said input signal,
5 comparing said input signal to said threshold, and generating an output
signal thereby, and
adjusting said threshold signal in response to said output signal.

2.  The method of claim 1 wherein said step of adjusting said threshold
—~ signal in response to said output signal causes said threshold signal to track the DC

10 component of said input signal.

3. The method of claim 1 wherein said input signal comprises peaks

corresponding to locations of data stored on a medium.

4, The method of claim 3 wherein said step of generating a threshold
comprises detecting the voltage levels of said peaks.

15 5. The method of claim 1 wherein an amount of adjustment to said
N~ threshold signal in response to said output signal is proportional to a duty cycle of
id output signal. e |

said output signal This is the replacemerit sheet

Date: 28,5 ,"}9



a voltage divider connected to an output of said positive peak voltage
detector and an output of said negative peak voltage PRERSIED" AUENDMENTS 39.
The apparatus of claim 38 wherein sai gsf eedback path TS connected to sard
positive peak voltage detector and to said negative peak voltage detector,
and causes arg.adj ugtmiegthodfer retfiey @da@&'iféd-bﬂﬁlﬁ&ﬁhm/é&lh?ﬂﬁhgrthéﬁteﬁs

det ected negati ve peak voltage in dependence on a state of sal.d feedback
path. 40f: The apparatus of claim 30 wherein said detected positive peak

voltage 20 is agjusted by decreasing its, nagnjtude when sai d.feedback path
is in one of ng; said storad dats and generatiag maigsga%sw@amrmbgé i s

o said tup JEHERY HRerldny TR SRR et Loy T

5 generating a threshold signal which varies with a DC component of said

partially integrated signal, and
generating an output signal indicative of said stored data by comparing said
partially integrated signal with said threshold signal.

7.  The method of claim 6 wherein said medium comprises a magneto-
0 optical disk. |

8. The method of claim 6 further comprising the step of differentiating
said playback signal prior to the step of partially integrating.

9. The method of claim 6 wherein said step of partially integfating
comprises:
15 integrating said playback signal,
simultaneously with but separately from said integrating, bandpass filtering
said playback signal, and
. taking a difference between said integrated signal and said bandpass filtered
signal.

20 10. The method of claim 9 further comprising the step of low pass

filtering said difference signal. e
g 5 This is the replacement shoet

M s




R LI LN L b A LI LA Rt 0 ¥ Vb 'y Ty
: "..;ng:-'- -:-.:-:. ::&h.'--:‘,-:.-."-‘-- AT

31 41.- A method for retrieving data information from a playback signal
conprising the steps of: differentiating said playback PeoroteD, Aemsahien T
said differentiated signal, 5 partially integrating sai d equalized

signal, generating a threshol d si gnal whgch tracks the DC conponent of said
partlal ly integrated signal, generating an output signal by conparing said

partially integiat edrfié ghod of TMith Ghwhekdn Gald Stepl of grkrafing a threshold
adj'usting said threshold signal in response to sald out put signal .
signal comprises:
detecting a positive peak voltage of said partially integraited signal,
detecting a negative peak voltage of said partially integrated signal, and

5 averaging said positive peak voltage and said negative peak voltage.

12. The method of claim 11 further comprising the step of adjusting said
threshold signal in response to a state of said output signal.

13. The method of claim 12 wherein said threshold signal is adjusted by

decreasing a detected positive peak voltage when said output signal is in one of

10 either a low state or high state, and decreasing a detected negative peak voltage
when said output signal is in the other of said low state or high state.

14. The method of claim 6 wherein said threshold signal corresponds to
an approximate midpoint of said partially integrated signal.

15. A method for retrieving data stored on a medium comprising the sieps
15 of: '
reading said stored data and generating a signal thereby,
partially integrating said signal, _
generating a threshold signal corresponding to an approximate midpoint of
said partially integrated signal, and
20 generating an output signal indicative of said stored data by comparing' said
partially integrated signal with said threshold signal.

16.  The method of claim 15 wherein said medium comprises a magneto-
optical disk.
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PROPOSED AWMENDMENTS

27
17.  The method of claim 15 wherein said step of reading said stored data
and generating a signal thereby comprises the steps of generating an input signal

and differentiating said input signal.

18.  The method of claim 15 wherein said step of partially integrating said
signal comprises:

integrating said playback signal,

simultancously but separately with said integrating, bandpass filtering said
playback signal, and

taking a difference betwécn said integrated signal and said bandpass filtered
signal .

19. The method of claim 15 wherein said step of generating a threshold

signal comprises adjusting said threshold signal in response to said output signal.

v 20. The method of claim 19 wherein the adjustment to said threshold
signal is proportional to a duty cycle of said output signal.

21.  An apparatus for retrieving data stored on a medium comprising:

means for reading said stored data and generating a signal thereby,

a partial integrator connected to said signal,

a threshold generator connected to said partial integrator,

a data generator connected to said partial integrator and to said threshold
generator, said data generator comprising a comparator, and

a feedback path from said comparator to said threshold generator.

22. The apparatus of claim 21 wherein said means for reading said stored

data and generating an input signal comprises a differentiator.

| | This is the teplacement sheet
A
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PROPOSED AWENDMENTS

28

23. The apparatus of claim 21 wherein said medium comprises a

magneto-optical disk.

24.  The apparatus of claim 21 wherein said threshold generator generates

a threshold signal which varies with a DC component of said signal.

25. The apparatus of claim 24 wherein said threshold signal corresponds

to an approximate midpoint of said signal.

26. The apparatus of claim 21 wherein said comparator is connected to

an output from said threshold generator and an output of said partial integrator.

27. The apparatus of claim 21 wherein said partial integrator comprises:

an integrator connected to said signal,

a bandpass filter connected to said signal, and

a subtracter connected to an output of said integrator and an output of said
bandpass filter.

28. The apparatus of claim 27 further comprising a low pass filter
connected to an output of said subtractor.

29.  The apparatus of claim 21 wherein said threshold generator compriseé:

a positive peak voltage detector connected to said partial integrator,

a negative peak voltage detector connected to said partial integrator, and

a voltage divider connected to an output of said positive peak voltage
detector and an output of said negative peak voltage detector.

This is the replacement sheet
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PROPOSED  MMENDWENT5

29

30. The apparatus of claim 29 wherein said feedback path is connected to
said positive peak voltage detector and to said negative peak voltage detector, and
causes an adjustment to a detected positive peak voltage or to a detected negative
peak voltage in dependence on a state of said feedback path.

5 31. The apparatus of claim 30 wherein said detected positive peak voltage
is adjusted by decreasing its magnitude when said feedback path is in one of two -
states, and said detected negative peak voltage is adjusted by decreasing its
magnitude when said feedback path is in another of said two states.

— .
-\/ 32. An apparatus for locating transitions in a signal having a DC
10 component, said apparatus comprising:

means for reading data stored on a medium and generating a signal thereby,

means for waveform restoration connected to said signal,

a threshold generator connected to said waveform restoration means,

a data generator connected to said signal and to said threshold generator, said
15 data generator comprising a comparator, and

a feedback path from said comparator to said threshold generator.

33. The apparatus of claim 32 wherein said medium comprises a

magneto-optical disk.

34. The apparatus of claim 32 wherein said means for reading data stored

20 on a medium and generating a signal comprises a differentiator.

35. The apparatus of claiim 32 wherein said means for waveform

restoration comprises an equalizer connected to a partial integrator.

—_—
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36. The apparatus of claim 35 wherein said partial integrator comprises:
an infegrator connected to said signal,
a bandpass filter connected to said signal, and
a subtracter connectcd- to an output of said integrator and to an output of said

bandpass filter.

37. The apparatus of claim 36 further comprising a low pass filter
connected to an output of said subtracter.

38.  The apparatus of claim 32 wherein said threshold generator comprises:

a positive peak voltage detector connected to said waveform restoration
means,

a negative peak voltage detector connected to said waveform restoration
means, and

a voltage divider connected to an output of said positive peak voltage
detector and an outbut of said negative peak voltage detector.

39.  The apparatus of claim 38 wherein said feedback path is connected to
said positive'peak voltage detector and to said negative peak voltage detector, and
causes an adjustmeht to a detected positive peak voltage or to a detected negative
peak voltage in dependence on a state of said feedback path.

40. The apparatus of claim 30 wherein said detected positive peak voltage
is adjusted by decreasing its magnitude when said feedback path is in one of two

states, and said detected negative peak voltage is adjusted by decreasing its
magnitude when said feedback path is in another of said two states.
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41. A method for rétrieving data information from a blayback signal
comprising the steps of:

differentiating said playback signal,

equalizing said differentiated signal,

5 partially integrating said equalized signal,

generating a threshold signal which 'tracks the DC component of said
partially integrated signal,

generating an output signal by comparing said partially integrated signal to
said threshold signal, and

10 adjusting said threshold signal in response to said output signal.
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