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the trailing edge of the pit may be encountered later than expected, thus
leading to timing difficulties in The present Invention relates to
restoring and  detection of both the leading and trailing edges. clocking
pulse width modulated data in a data record-  Merely moving the timing
windows (data cells) one di- Ing channel during either writing or reading
of the   s   rectionortheotherbyadjusting the cock in the phase data.
lock loop can not compensate for these unintended Pulse width modulated
data is a form of data   pulse width variations and can lead to a larger
number where transitions in the representation of date on a  of errors in
detecting the data. storage medium correspond to a bit of data, ether a
EP-A-0 213 623 discloses an optical disc appa- "1" or a "0. No transition
thus corresponds to a " or  10  ratus provided with a record correcting
system for a "1" respectively. Since the condition of no transition
controlling the variation in the record data length. The carries
information, it is necessary to use a clock sig-  data is represented by
the timing of leading and/or nal to define data cell width In order to
detect how  trailing edges of pulses which are compared with many no
transitions have occurred between transi-  clock pulses In order to control
the laser beam power tions. This clock signal must be synchronized with the
15  when the recorded data pulse width is different from data-in signal,
and this is usually done with a phase-  apredeterminedwidth. This
apparatusdoes not allow lock loop. A good example is taught in U.S.-A
to dynamically correct pulse width of optically record- 3,804,992 entitled
Digital Time Sampling Phase    ed data by using a phase locked loop. This
document Comparator With Noise Rejection, Issued to Fiorino  is cited
according to Article 54.3 of the European Pa- et al.
20  tent Convention. In a typical environment, magnetic recording for
Therefore, according to this invention, it is provid- example, the pulse
width modulated recordings tend  ed a method for correcting width
distortions in a pulse to be uniform, i.e. have similar precision and
defini-  width modulated data of the type In which transitions tion
throughout a recording. The data transitions tend  in the representation of
data correspond to bits of the to shift in thesame direction and in small
amounts rel-  26  first polarity whereas no transitions correspond to ative
to the clock and thus the phase-lock loop can  bits of the second polarity,
and wherein bits of data control a clock to track the time shifts of the
data-in  are recovered from the timing of leading and trailing signal.
edges of pulses, the method comprising the steps of In optical storage
systems, many factors lead to  detecting the leading edges of data pulses;
detecting variations in the size of the representation of data in  30  the
trailing edges of data pulses; providing signals a single recording whether
the representation is the  representative of the detected leading and
trailing leading and trailing edges of a pit which reflects light,  edges;
generating a clock signal in response to the or the size of the area of
changed magnetic or opto-  leading and trailing edge signals, the dock
signal fol- magnetic properties. As a result, the transitions in  lowing
the shifts of the edge signals, that occur in the pulse width modulated
data may move a significant  35  same direction, In order to provide an
expected time amount due to recording properties. This recording
forthedetection of said edges; measuring theamount shift has nothing to do
with the information content of  of shift of the actual leading and
trailing edge time the data.                                          from
the expected leading and trailing edge time as The recording shift of the
leading and trailing  established by the preceding step; and shifting the
edge data transitions is In opposite directions. In ef-  40  relative
timing between leading and trailing edge sig- fect the pulse width has
changed due to variations in  nals in response to the width correction
signal to re- recording phenomenon ratherthan due to changes in  store the
width of the data pulses to the expected timing or information. These
unintended pulse width  width between the leading and trailing edge
signals. variations make it difficult for the phase-lock loop to  To
accomplish the restoring function, a phase correctly synchronize the dock
to the data and thus   45  locked loop is used to establish the expected
posi- align timing windows, Le. data cells, used in a record-  tions for
the leading and trailing edge transitions of ing channel to decode the data
from the transitions.  the pulse. With these expected transitions defined,
Some ofthe potential factors 'causing the leading  phase differential logic
detects variations of the ac- and trailing edges to shift significantly in
opposite di-  tual pulse width from the expected pulse width. Feed-
rections are variable laser power, focus error, tracking   50  back of this
variation information is used to adjust the error, media composition, laser
dwell time and media  position of the leading and trailing edge signals to
re- sensitivity. Variations in these factors lead to timing  store the
pulse width to the expected pulse width. variations In both the leading
edge of the pit or mark  In one preferred embodiment, a first single shot
and the trailing edge of the pit. If laser power Is too  multivibrator is
triggered on the leading edge of a great, or the media Is slightly more
sensitive than ex-  55  pulse, and a second single shot multivibrator is
trig- pected, the leading edge of the pit may be encoun-  gored on the
trailing edge of a pulse. A width error is tered sooner than expected
because the pit is larger  generated as the summation of alternate speed-up
than desired. Under the same condition of the media,  and slow-down signals
from a conventional phase- 2    



3                  EP 0 242 576 B1                4 locked loop used in
data detection. The errorsignal is  also provided on line 14 to NAND gate
18. NAND's 12 then used tovary the timing of one of the single shots  and
16 are enabled to pass the data signals by flip operating on the leading or
trailing edge of the pulse  flop 32. Thus only one NAND is enabled at a
time; to define the pulse edges in the phase lock loop.  NAND 12 is enabled
to pass the leading edge and In a further preferred embodiment, leading and
5   NAND 16 is enabled to pass the trailing edge. trailing edge transitions
are supplied to a counter    The NAND gates 12 and 18 are coupled to single
which counts clock pulses between leading and trail-  shots 18 and 20
respectively. The trailing edge of the ing edge transitions. The number of
expected pulses  signal from the single shots is passed by NOR 28 to is
subtracted from the actual numberof pulses count-  trigger flip flop 32. In
effect the single shots delay ed. This value isfiltered by alow
passfiltertoaverage  10  both the leading and trailing edge signals before
the value over several leading to trailing edge transi-  those signals
trigger the flip flop. Furthersince single tions. The filtered value is
then supplied to a single  shot 20 is variable In the duration of its
pulse, the tim- shot as In the above embodiment or supplied to plus  ing
between the leading and trailing edges may be and a minus phase shifters
which provides phase   adjusted. This function will be used as explained
later shifts for use by separate leading and trailing edge   15  to make
the width restoration. data recovery clocks.
The complimentary outputs on lines 34 and 36 of In yet a further preferred
embodiment, date is ef-  flip-flop 32 are provided to a second output flip
flop fectively restored as It is written. Using a read while  40. This
filpflop provides complimentary data outsig- write technique to detect
recording shift of data being  nals on lines 42 and 44 and is triggered by
the data written on the media, the phase of the data being writ-  20  clock
out signal to receive the contents from flip flop ten is intentionally
shifted in the opposite direction of  32. The data dock out signal is
generated by the detected recording shift. Thus, when data is read, it
phase locked loop which will now be described. will appear not to be
shifted. This preshifting Is ac-  The output 28 of NOR 28 is also provided
to a complished by detecting the leading edges and trail-  phase detector
50 which compares the phase timing ing edges of the data while it is being
written, and   25  differences of data on Input line 28 and timing signals
comparing them to the timing of the actual data be-  from a timing dock
signal on line 68 from voltage con- fore it Is written. The preshifting is
then performed as  trolled oscillator (VCO 66). Phase detector 50 pro- a
function of that comparison.                    vides a speed-up signal on
line 56 and a slow-down Pre-restoration ofthewidth of data leads to great-
signal on line 58 to a charge pump 62. The charge er precision in the
positioning of leading and trailing  30  pump passes more or less current
to filter 64 in ac- edges of data representations on recording media.
cordance with the speed-up or slow-down signals re- The physical density of
such edges on the media may  spectively. Filter 84 accumulates and averages
the then be Increased because of associated timing tol-  speed up and slow
down signals; it contains a capac- erance reduction. When coupled with the
Improve-  itortoconvertthe current toa voltage. The voltage out ment In
reading reliability given by width restoring   35  of filter 64 controls
the frequency of the signal from data while reading, linear bit densities
realizable are  VCO 66 almost double that of conventional representation of
This configuration of elements 50, 62, 64 and 66 bits by pits or spots.
is well known as a charge-pump phase locked loop. More particularly, the
object of the invention is to  The loop is a reference means generating a
data provide a method and a device as defined in claims  40  clock signal
68 to track concurrent time shifts by the I and 8 respectively.
leading and trailing edge transitions in the data sig- Fig. l i a detailed
block diagram of a phase  nal. Dataclockouton line68providesatriggerforflip
locked loop with width restoration in accordance  flop 40. The data
outsignals and the data docksignal with the present invention,
are used by decoding circuits (not shown) to convert Fig. 2Ais a detailed
blockdiagram of an alternate  45  the pulse width modulated data out signal
into binary circuit for generating the width correction signals  data. in
accordance with the present invention,         To accomplish width
restoration, the speed up Figs. 2B and 2C are detailed block diagrams in-
and slow down signals on lines 58 and 58, respective- dicating how width
correction signals generated  ly, are passed to a differential phase
detector 60. The by the circuits in Fig. 2A could be connected to  so
function of this detector is to measure the amount of and used In the
circuits of Fig. 1.           recording shift of the actual leading and
trailing edge Fig. 3 is a detailed block diagram of a read while  timing
from the expected leading and trailing edge write circuitforreading data
while it Is written and  timing as established bythe phase locked loop. As
ex- providing feedbackto minimize recording shiftre-  plained earlier
recording shift will cause the edges to suiting from writing the data.
55   move In opposite directions relative to the expected In Fig. 1, data
read from a pulse width modulated  edge positions. In effect the
differential phase detec- recorded signal on a recording media Is provided
on  tor 80 is detecting unintended width variations in the line 10 to NAND
gate 12. The inverse of the data is  pulse width modulated data. 3    



5                  EP 0 242 576 B1                6 Data-in line 10, and
its complement on line 14 in  124. The valid countlogic circuit 124
ensuresthatonly conjunction with the AND and NOR gates alternate  leading
to trailing edge counts of minimum duration the polarity sense of the speed
up and slow down sig-  are measured, such as result from a data stream cor-
nals to the summing junction 82. For each speed up  responding to
consecutive transitions. The n-rn count and slow down pulse, the polarity
Is controlled by   5   is converted to an analog error signal
representative whether the data indicates it was due to a leading or  of
the difference in size of a spot or pit on a medium trailing edge. The
difference of each, then is Indica-  on line 126 by a digital to analog
converter 128. The tive of the amount of recording shift between actual
error signal online 126 is provided to alow pass filter leading and
trailing edge and expected leading and  and scaler 130, which Is designed
with a frequency trailing edge.                               10  response
representative of the causes of variable Viewed as detection of pulse width
variation  spot size. In general, If the transition rate is "x" tran- AND's
70 and 72 with NOR 78 will pass the speed up  sitions per second then the
frequency response and slowdown pulsestodifferenceamplifier82when   should
be limited to loss than or equal to x divided by the pulse Is wider than
expected. AND's 74 and 76  50 transitions per second to Insure an adequate
num- with NOR 80 do the same thing when the pulse is nar-  15  berof
samples. Afastr technique comprises increas- rower than expected. Since the
difference amplifier  Ing the counting logic to sample more than just the
receives the speed up and slow down signals serially  shortest leading to
trailing edge time, and then using there Is no difference function.
Amplifier 82 acts to  these multiple times to derive an error signal with a
pass signals from NOR 78 and to Invert and pass sig-  higher sampling rate.
nals form NOR 80. The duration of the speed up and   20  The output of the
filter 130 Is a measure of the slow down signals control the duration of
current flow  width variation of the actual edges from the expected from
the charge pump 88 to the filter 90. In effect the  edges. This signal on
line 132 is applied to a double duration of the speed up and slow down
signals for a  phase locked loop arrangement. The phase locked number of
leading and trailing edges is summed and  loops are referred to as a plus
phase shifter 134 and averaged by filter 90 to produce a signal that is a
25  a minus phase shifter 136. These phase shifters then measure of the
unintended width variation in the re-  provide phase shifts for independent
clocks in their corded pulses.                                    loops.
These docks are used to detect the leading Single shots 18 and 20 nominally
are adjusted to  and trailing edges of pulses respectively. 1/2 clock cell
time (112 the difference In time between  Alternatively In Fig. 2B, the
signal on line 132 consecutive data clock out pulses) for proper phase  so
could be provided to single shot 20 In Figure I to cor- comparison by phase
detector 50. Low pass filter 90  rect for width variations In the same
manner as the provides a control voltage on a line 92 to single shot
signal from filter 90 (FIG. 1) was provided to single 20. The control
voltage effectively controls the timing  shot 20 to correct for width
variations. of single shot 20 in response to the compliment of the  In yet
another Implementation, both single shots data-in signal on line 14
provided through NAND gate  35  18 and 20 in Fig. I could be variable as
shown in Fig. 16. In other words, the phase locked loop keeps the  2C. The
width variation could be divided in two by the leading edge In proper phase
with the data dock out  scaler In filter and scaler 130. The half
correction sig- signal and the width correction signal from filter 90 to
nal s then applied to variable single shots 18'and 20. single shot20 causes
the single shot to move the trail-  Variable single shot 18' is substituted
for fixed single ing edge signal into proper phase relationship with the
40  shot 18 in Figure 1. data clock This controls pulse width -- the timing
be-  The circuits of Fig. I and Fig. 2Aprovide for width tween signals for
leading and trailing edges on lines  restoration of data already written,
preferably by las- 34 and 36 during which the data clock out signal on  er,
In pulse width modulated form. The concept of pre- line 68 strobes the
clear Input of flipflop40 to provide  distortion is employed In the circuit
of Fig. 3 to correct the data out signals on lines 42 and 44.     45  the
width of actual pulses as they are written on the Afurther preferred
embodimentof a width restor-  media. ation circuit is shown in Fig. 2A.
Signals chronologi-  The data to be written is provided to a data signal
cally representative of detected leading edges and  source 150 on a line
152. The data signal source Is a trailing edges of pulses from data
recorded In pulse  reference means providing a write signal having the
width modulated form are provided on a line 110 to a   so  correct timing
for ideal data detection. Data signal counter 112. Aclocksignal on line 114
provides a sig-  source 150 provides encoding, synchronization and nal to
be counted by counter 112. Counter 112 counts  error correction coding to
generate a write signal on the numberofclock pulsesreceived between succes-
a line 154 to a variable edge control block 156. Edge sive leading and
trailing edges. The count of dock  control block 158 changes or predistorts
the pulse pulses, n, is provided to a subtract circuit 118, which  so
width, the timing relationship between leading and subtracts an expected
number of clock pulses, m,  trailing edges of the write signal data. When
writing from the actual count, n. Subtractcircuit 118 supplies  data on an
optical recording medium the pulse width the n-rn count or value to a valid
count logic circuit  of the write signal controls the laser dwell time, the
4    



7                  EP 0 242 576 B1                 8 length of time the
laser is at a current level to write a  156. The edge correction voltage
controls the timing pit in the medium.                                of
singleshot 156tochange the width of the pulsesig- Edge control 156 changes
the pulse width as a  nal to write driver 216. In other words, the edge
con- function of nonlinearitles in the optical recording proc-  trol shifts
the leading and trailing edges relative to ess. Control 156 comprises a
voltage variable single   5   each otherto predistortthe writesignal on
line 218 rel- shot and an AND gate. The AND gate receives the    ative to
the signal on line 154. However, as a result write signal and the output of
the single shot. The sin-  of this predistortion, the read signal on line
186 will gle shot receives the write signal and the duration of  closely
match the write signal on line 154. Write data the single shot output pulse
is controlled by the sig-  predistortion is also provided as a function of
track ra- nals from filter 188 and DAC 210whosefunctions will  10  dius.
Because the medium usually rotates at a con- be described hereinafter. In
operation, the single shot  stant velocity, the surface velocity of the
laser spot conditions the AND gate so that it has an output pulse  varies
as a function of its distance from the center of with one edge of the pulse
corresponding to one co-  rotation of the medium. A digital to analog
converter incident with one edge of the data pulse and with the  210
provides a control voltage to the variable single other edge lengthened or
shortened by the single  15  shot in edge control 156 to adjust the pulse
width as shot duration relative to the other edge of the data  a function
of track location represented by the most pulse. In other words, the edge
control 156 consists  significant bits of its address. of timing logic that
will lengthen or shorten the write  The actual dwell time of the laser 160
(time dur- signal data pulse. Ideally, the predistortion to the data  ing
which write current is on) is controlled by a write is such that after
writing and readback, the detected   20  driver 216 which receives the
signal from edge con- signal from the media contains the timing existing
pri-  trol 158 on line 218. The write current control circuit or to the
predistortion.                          220 provides the write current to
the write driver cur- As data is written on a medium by a radiant en-  rent
switch 216. Feedback control to the write current ergy beam generator such
as GaAs laser 160, a pho-  control circuit 220 is achieved by sensing
output from todiode array 164 detects the reflected light from the   25
the monitor diode 170. media and provides a readback signal summed by
The monitor diode output on line 172 is also pro- junction 166 to a divider
168. Divider 188 also re-  vided to a read current control block 222 which
pro- ceives a measure of laser intensity from a monitor di-  vides an
output on a line 224 along with the output of ode 170 on a line 172. The
division of the readback  write driver 216 on a line 228 to a summing node
228 signal by the measure of laser intensityfrom the mon-  30  to control
the currentflowing to laser 160 during write. itor diode provides a
normalized read signal on a line  The constant current from the read
control 222 pro- 174 as taught In the U.S.A4631706 entitled System  vides
laser current for normal read operations, typi- for preventing the
overwriting of previously optically  cally 2 milliwatt powerfrom the laser.
During write, the recorded data and for reading optically recorded data
write driver switch 216 directs the additional current during writing". The
normalized read signal is proc-  35  from the write current control through
the laser for essed by equalization and filtering circuitry 178 and  higher
power required to melt a pit into the media. data detection circuitry 180.
The data signal from   Data edge restoration and cocking can be per- data
detection 180 is the conventional data-in signal  formed on the read data
signal on line 186 by the cir- as used in Figure 1.
cuits in Fig.s 1 or 2. While the width restoration during The write data
signal on line 154 is subtracted   4o  write removes much of the previous
unintended vari- from the read data signal on line 186 by difference
ations in written data, the restoration circuit used amplifier 194. The
write signal and the read signal are  again while reading data still
provides even higher re- binary signals having the same amplitude. Thus the
liability because it centers the transitions in the data difference between
them is a measure of the differ-  cells or detection windows (as provided
by data dock ence in theirwidths. The differences areaccumulated  45  out
on line 68 in Fig. 1). Pre-restoration of data leads by filter 188 which
generates a voltage indicative of  to greater precision In the positioning
of leading and the average variation between edge signals in the  trailing
edges of data representations on recording read data and edge signals In
the write data. The filter  media. The physical density of such edges on
the me- 188 is a low pass filter for the purpose of smoothing  dia may then
be Increased because of associated tim- outthe errorsignals. The filter
response is chosen for  5o  Ing tolerance reduction. When coupled with the
im- the resultant transient response of the read signal  provement in
reading reliability given by width restor- control loop to react to
recording shift changes such  Ing data while reading, linear bit densities
realizable as from mis-focus transients and recording media va-  are almost
double that of conventional representation riations. Thus, filter 188
provides a pulse width or  of bits by pits orspots. edge correction signal
representative of the compar-  55  While the invention has been described
in terms ison of the write data and detected read signal.  of preferred
embodiments, it will be recognized by The edge correction signal on line
196 Is connect-  those skilled in the art that further embodiments are ed
to the voltage variable single shot in edge control  within the scope of
the invention as defined by the 5    



9                   EP 0 242 576 B1                 10 claims. All forms of
data representations, be it burned  detecting (72 or 74) a second phase
difference pits, opto-magnetic or other less known forms can      between
the trailing edge signals and the clock take advantage of the deskewing of
signals taught      signal; herein.
combining (78 or 80) the first and second phase 5      differences to
generate the width correction sig- nal. Claims 4. The method of claim 3
wherein said shifting step 1. A method for correcting width distortions In
a      comprises: pulse width modulated data of the type In which  io
delaying (20) the trailing edge signals relative to transitions in the
representation of data corre-   the leading edge signals; spond to bits of
the first polarity whereas no tran-  adjusting (92) the delay in the
previous step in re- sitions correspond to bits of the second polarity,
sponse to the width correction signal ; and and wherein bits of data are
recovered from the    said combining step further comprises the step timing
of leading and trailing edges of pulses, the   15  of: method comprising
the steps of:                    averaging (88, 90) the first and second
phase dif- (a) detecting the leading edges of data pulses   ferences over
several leading and trailing edge (12, 18);
detections. (b) detecting the trailing edges of data pulses (16, 20);
20  5. The method of any of claims I to 4 being applied (c) providing pulse
signals (22, 24) in re-     to the correction of data signals read from
optical- sponse to the detected leading and in re-       ly recorded data.
sponse to the detected trailing edges; (d) generating a clock signal (50,
62, 64, 66)  6. A method according to claim I wherein said me- in response
to the combined leading and trail-  25  suring step includes: ing edge
signals, said clock signal following    comparing (60) said detected
leading and trailing the shifts of said combined edge signals, that   edges
with said expected time for the detection occur in the same direction, in
order to provide  of said edges; and, an expected time for the detection of
said       restoring (88, 90) the leading and trailing edges edges;
30      to their expected timing. (e) measuring (60, 88, 90) the amount of
shift of the actual leading and trailing edge time  7. A method according
to caim 6 wherein said com- from the expected leading and trailing edge
paring step (60) includes: time as established by the preceding step for
measuring (70, 78) the time difference between providing a width correction
signal; and  35    the leading edge pulse transitions and their ex- (f)
shifting the relative timing between leading  pected timing; and trailing
edge signals by changing the        measuring (72, 74) the time difference
between pulse timimg of one of said leading or trailing  the trailing edge
pulse transitions and their ex- edge signals in response to the width
correo-    pected timing; and, tion signal to restore the width of the data
40  accumulating (78, 80) these differences to pro- pulses to the expected
width between the         vide an edge correction signal, leading and
trailing edge signals.               wherein said restoring (88, 90) is
responsive to the edge correction signal to shift the timing of 2. The
method of claim 1 wherein said clock gener-    the leading or trailing edge
relative to each other, ating step further comprises the steps of:  45
and, detecting (50) the phase difference between the    wherein the dock
signal is provided by means clock signal and the leading and trailing edge
sig-  (50, 62, 64, 66) comprising phase lock docking nals;
means for providing, as the expected timing, a speeding up (56) or slowing
down (58) the clock     clock signal that tracks variations in the timing
of signal in response to the phase difference be-  50  leading and trailing
edge transitions shifting in tween the clock signal and the leading and
trail-  the same direction. ing edge signals. 8. An apparatus for
correcting width distortions In a 3. The method of claim 2 wherein said
measuring        pulse width modulated data of the type in which step
comprises:                           55       transitions in the
representation of data corre- detecting (70 or 76) a first phase difference
be-  spond to bits of the first polarity whereas no tran- tween the leading
edge signals and the dock sig-   sitions correspond to bits of the second
polarity, nal;                                               and wherein
bits of data are recovered from the 6    



9                   EP 0 242 576 B1                 10  1 claims. All forms
of data representations, be it burned  detecting (72 or 74) a second phase
difference pits, opto-magnetic or other less known forms can     between
the trailing edge signals and the dock take advantage of the deskewing of
signals taught     signal; herein.
combining (78 or 80) the first and second phase 5      differences to
generate the width correction sig- nal. Claims 4. The method of claim 3
wherein said shifting step 1. A method for correcting width distortions in
a     comprises: pulse width modulated data of the type in which   10
delaying (20) the trailing edge signals relative to transitions in the
representation of data corre-  the leading edge signals; spond to bits of
the first polarity whereas notran-  adjusting (92) the delay In the
previous step in re- sitions correspond to bits of the second polarity,
sponse to the width correction signal ; and and wherein bits of data are
recovered from the    said combining step further comprises the step timing
of leading and trailing edges of pulses, the   15  of: method comprising
the steps of:                     averaging (88, 90) the first and second
phase dif- (a) detecting the leading edges of data pulses  ferences over
several leading and trailing edge (12, 18);
detections. (b) detecting the trailing edges of data pulses (16, 20);
20  5. The method of any of claims I to 4 being applied (c) providing pulse
signals (22, 24) in re-     to the correction of data signals read from
optical- sponse to the detected leading and In re-       ly recorded data.
sponse to the detected trailing edges; (d) generating a dock signal (50,
62, 64, 66)  6. A method according to claim 1 wherein said me- in response
to the combined leading and trail-  25  suring step Includes: Ing edge
signals, said clock signal following   comparing (60) said detected leading
and trailing the shifts of said combined edge signals, that  edges with
said expected time for the detection occur In the same direction, In
orderto provide  of said edges; and, an expected time for the detection of
said      restoring (88, 90) the leading and trailing edges edges;
30      to their expected timing. (e) measuring (60, 88,90) the amount of
shift of the actual leading and trailing edge time  7. A method according
to claim 6 wherein said com- from the expected leading and trailing edge
paring step (60) Includes: time as established by the preceding step for
measuring (70, 76) the time difference between providing a width correction
signal; and  35    the leading edge pulse transitions and their ex- (f
shifting the relativetiming between leading  pected timing; and trailing
edge signals by changing the       measuring (72, 74) the time difference
between pulse timimg of one of said leading or trailing  the trailing edge
pulse transitions and their ex- edge signals In response to the width
correc-   pected timing; and, tion signal to restore the width of the data
40  accumulating (78, 80) these differences to pro- pulses to the expected
width between the        vide an edge correction signal, leading and
trailing edge signals.              wherein said restoring (88, 90) is
responsive to the edge correction signal to shift the timing of 2. The
method of claim 1 wherein said clock gener-    the leading or trailing edge
relative to each other, ating step further comprises the steps of:  46
and, detecting (50) the phase difference between the    wherein the clock
signal is provided by means clock signal and the leading and trailing edge
sig-  (50, 62, 64, 66) comprising phase lock docking nals;
means for providing, as the expected timing, a speeding up (56) or slowing
down (58) the clock    clock signal that tracks variations in the timing of
signal In response to the phase difference be-  50  leading and trailing
edge transitions shifting in tween the clock signal and the leading and
trail-  the same direction. ing edge signals. 8. An apparatus for
correcting width distortions in a 3. The method of claim 2 wherein said
measuring       pulse width modulated data of the type in which step
comprises:                           55      transitions in the
representation of data corre- detecting (70 or 76) a first phase difference
be-  spond to bits of the first polarity whereas no tran- tween the leading
edge signals and the clock sig-  sitions correspond to bits of the second
polarity, nal;                                               and wherein
bits of data are recovered from the 6    



11                  EP 0 242 576 B1                 12 timing of leading
and trailing edges of pulses, the  on distortions; apparatus comprising:
means (168, 178, 180) connected to said beam (a) means for detecting the
leading edges of    driving means (170), for normalizing said read data
pulses (12, 18);                           signal indicating the pulse
width modulated data (b) means for detecting the trailing edges of   5
recorded on the storage medium; data pulses (16, 20);
wherebysaid normalized data Is used tofeed said (c) means for providing
pulse signals (22, 24)  means for detecting the leading edges of data in
response to the detected leading and in re-  pulses (12,18) and to be
complemented and feed sponse to the detected trailing edges;          said
means for detecting the trailing edges of (d) means for generating a dock
signal (50,  10  data pulses (16, 20). 62, 64, 68) in response to the
combined lead- ing and trailing edge signals, said clock signal  10. The
apparatus of claim 9 wherein: following the shifts of said combined edge
said detecting means (164, 166) generates a
signals,thatoccurinthesamedirection,inor-       read signal Indicating the
leading and trailing der to provide an expected time for the detec-  15
edges of the data pulses; tion of said edges;
said comparing means (194, 188) takes the dif- (e) means for measuring (60,
88, 90) the        ference between the read signal and write signal amount
of shift of the actual leading and trail-  indicating the difference in
timing between the ing edge time from the expected leading and     leading
and trailing edges of the same pulse in trailing edge time as established
by the   20   the two signals. means forgenerating a clocksignal for
provid- ing a width correction signal ; and          11. The device of
claim 10 further comprising: (f) means for shifting the relative timing be-
means for averaging the differences in pulse tween leading and trailing
edge signals by      width between the same pulses in the write and
changing the pulse timing of one of said lead-  25  read signals In orderto
generate the width correc- ing or trailing edge signal in response to the
tion signal. width correction signal to restore the width of the data
pulses to the expected width be-    12. The device of claim 11 wherein;
tween the leading and trailing edge signals.    said control means
(156,216) shifts one edge of 30     the pulse being corrected to restore
the width of 9. An apparatus for correcting pulse width distor-    the
pulse in the read signal to the width of the tions in a pulse width
modulated data as claimed   pulse in the write signal, and in claim 8, said
apparatus further including pre   said beam generator(160) is a laserand
the dwell distortion means for an optical recording system  time of the
laser Is controlled by said control having a beam generator (160) for
generating a   35  means. radiant energy beam for reading and writing pulse
width modulated data on a storage medium, said predistorsion means
including:                  PatentansprOche means (164, 166) for detecting
the data recorded on the storage medium and generating a read sig-  40  1.
Verfahren zur Korrektur von Breitenverzerrun- nal indicating the pulse
width modulated data re-  gen in impulsbreitenmodulierten Datn des Typs,
corded on the storage medium;                      In dem Obergfinge bel
der Darstellung von Dabn a data signal source (150) for providing a write
Bits der ersten Polaritit entsprechen, wihrend signal indicative of the
pulse width modulated     keine ObergAnge Bits der zweiten Polaritat ent-
data to be written on the storage medium;  4s      sprechen, und wobei
Datenbits aus derzeltlichen means (194, 188) for comparing the same pulse
Zuordnung der Vorder- und der Rlckflanken von In the read signal and write
signal, while the data  Impulsen rfckgewonnen warden und das Verfah- is
being written on the medium, and generating a   ren folgende Schritte
umfart second width correction signal (196);                (a) Erfassen
der Vorderflanken der Datenim- control means (156, 216) In response to the
sec-  50  pulse (12, 18); ond width correction signal for controlling the
(b) Erfkssen der Rflckflanken der Datenim- width of the pulse in the write
signal to provide a   pulse (16, 20); width corrected write signal;
(c) Bereitstellen von Impulssignalen (22, 24) means (170,228) fordriving
said beam generator       in Reaktlon auf die erfaBten Vorder- und in (160)
In response to the corrected write signal to  55  Reaktion auf die erfaBten
Rfckflanken; write the pulsewith a width sothatthewidth ofthe     (d)
Erzeugen sines Taktsignals (50, 62, 64, read signal pulse is dose to the
width of the write   66) in Reaktion auf die kombinierten Vorder- signal
pulse Irrespective of recording phenomen-      und Rackflankensignale,
wobel das Taktsi- 7    



13                 EP 0 242 576 B1                 14         I I 1
1 1111 gnal den Verschiebungen der kombinierten        optisch
aufgezeichneten Daten gelesen werden, Flankensignale foigt, die In der
gleichen Rich-  verwendet wird. tung auftretbn, um sine erwartete ZeitffOr
die Erfassung der Flanken bereitzustelien;      6. Verfahren gemflI
Anspruch 1, wobei der MeS- (e) Messen (60, 88, 90) der Gr5Se der Abwei-   s
schritt umfalt J          chung der tataichlichen Vorder- und R(ck-
Vergleichen (60) der erfafben Vorder- und Riick- flankenzeit von der
erwarteten Vorder- und     flanken mit der erwartsten Zeit fOr die
Erfassung Riickflankenzeit, wie sle durch den vorherge-  der Flanken; und
henden Schritt fOr das Bereltstellen sines     Wiederherstellen (88, 90)
der Vorder- und ROck- Breitenkorrektursignals nachgewiesen wur-  10
flanken in ihrer erwarteten zeitlichen Zuordnung. de; und (f) Verschieben
der relativen zeitichen Zuord-  7. Verfahren gemiS Anspruch 6, wobei der
Ver- nung zwlschen Vorder- und Riickflankenal-      gleichsschritt (60)
einschlieft. gnalen durch Anderung derzeitiichen Impuis-     Messen (70,
76) der Zeitdifferenz zwischen den zuordnung des Vorder- odor des Rackflan-
1S    Vorderflanken-Impulsiibergfingen und ihrer er- kensignale in
Reakction auf das Breitenkorrek-  warteten zeitlichen Zuordnung; tursignal,
um die Breibt der Datenimpulse mit   Messen (72, 74) der Zeitdifferenz
zwischen den den erwarteten Breltn zwischen Vorder- und
ROckflanken-lmpulseberglngen und ihrer erwar- Rfckflankensignalen
wiederherzusteilen.        teten seitlichen Zuordnung; und 20
Summieren (78, 80) dieser Differenzen, um sin >,   2. Verfahren nach
Anspruch 1, wobei der den Takt      Flankenkorrektursignal bereitzustsllen,
erzeugende Schritt weiterhin die Schritte um-     wobel die
Wiederherstellung (88, 90) auf das faft:
Flankenkorrektursignal reagiert, um die zeitliche Erfassen (50) der
Phasendifferenz zwischen        Zuordnung der Vorder- und ROckflanke
relativ dem Taktsignal und den Vorder- und ROckflan-  25  zueinander zu
verschieben, und wobei des Takt- kensignalen;
signal durch Mittel (50, 62, 64, 66) bereltgestellt Beschleunigen (56) odor
Verlangsamen (58) des     wird, die sin Phasenverriegelungsmittel fOr sin
Taktsignals in Reaktion auf die Phasendifferenz   Taktgeben umfassen, um
ein Taktsignal, wie die zwischen dem Taktsignal und den Vorder- und
erwartete zeltliche Zuordnung, bereitzustellen, Riickflankensignalen.
30      das sich mit den sich in gleicher Richtung ver- schiebenden
Anderungen in der zeitlichen Zu- 3. Verfahren nach Anspruch 2, wobei der
MeB-          ordnung der Vorder- und RfckflankenibergAnge schritt umfat:
im Glekchlauf befindet. Erfassen (70 oder 76) siner ersten Phasendiffe-
renz zwischen den Vorderflankensignalen und   3S  8. Vorrichtung zur
Korrektur von Breitenverzerrun- dem Taktsignal;
gen in impulsbreitenmodulierten Daten des Typs, Erfassen (72 oder 74) siner
zweiten Phasendif-    In dem ObergAnge bei der Darstellung von Daten ferenz
zwischen den Rfickflankensignalen und      Bits der ersten Polaritfit
entsprechen, wahrend dem Taktsignal;
kelne Obergange Bits der zweiten Polaritit ent- Kombinieren (78 oder 80)
derersten und zweiten   40  sprechen, und wobei Datenbitsausderzeitlichen
Phasendifferenzen, um das Breitenkorrektursi-     Zuordnung der Vorder- und
der RDckflanken von gnal zu erzeugen.
Impulsen rflckgewonnen werden und die Vorrich- tung umfagt: 4. Verfahren
nach Anspruch 3, wobei der Verschie-       (a) Mittel zurn Erfassen
derVorderflanken der bungsschritt urnfaft                      45
Datenimpulse (12,18); Verzigern (20) der RDckflankensignaie relativ zu
(b) Mittel zum Erfassen der Ruckflanken der den Vorderflankensignalen;
Datenimpulse (16, 20); Anpassen (92) der Verzdgerung in dem vorange-
(c) Mittel zurn Bereitstellen von Impulssigna- gangenen Schritt in Reaktlon
auf des Breitenkor-    len (22, 24) in Reaktion auf die erfaften Vor-
rektursignal; und                         so         der- und in Reaktbon
auf die erfabten R~ck- wobel der Kombinationsschritt weiterhin den
flanken; Schritt urnfafit                                     (d) Mittel
zurn Erzeugen sines Taktsignals Mitteln (88, 90) der ersten und zweiten
Phasen-      (50,62,64,66) in Reaktion auf die kombinier- differenzen von
mehreren Vorder- und ROckflan-       ten Vorder- und ROckflankensignale,
wobsi kenerfassungen.                           5c         das Taktsignal
den Verschiebungen der kom- binierten Flankensignale foigt, die in der
glei- 5. Verfahren nach irgendeinern derAnsprfiche I bis      chen Richtung
auftreten, um eine erwartete 4, des zur Korrektur von Datensignalen, die
von      Zeat ffr die Erfassung der Flanken bereitzu- a    
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anzeigt; (e) Mittel zum Messen (60,88, 90) der GrWe     wobei die
nonmierten Daten verwendet werden, der Abweichung der tatsichilchen Vorder-
urn die Mittil zur Erfassung der Vorderflanken und Rflciflankenzelt von der
erwartiten Vor-   der Datenimpulse (12, 18) zu versorgen und um der- und R
Ickflankenzeit, wie sle durch die   5  vervollstlndigt zu werden und urn
die Mittel zum vorhergehenden Mittel zum Erzeugen eines        Erfassen der
ROcifianken derDatenimpulse (16, Taktsignals fOr das Bereitsetllen eines
Breil-  20) zu versorgen. tenkorrektursignals nachgewlesen wirden; und
10. Vorrichtung nach Anspruch 9, wobei: (f) Mittil zum Verschieben der
relativen zeit-  fo  des Erfassungsmittel (184, 166) ein Lesesignal lichen
Zuordnung zwischen Vorder- und           erzeugt, des die Vorder- und
Riickflanken der Ruckflankensignalin durch Anderung der
Datenimpulse anzeigt; zeitlichen Impulszuordnung des Vorder- oder
dssVergleichsmittil (194, 188) die Differenzzwi- des Rdckflankensignals in
Reaktlon auf dis     schen dim Lesesignal und dim Schreibsignal
Breibtnkonfektursignal, um die Brelte der Da-  15  bildet, was die
Differenz In der zeitlichen Zuord- tenimpulse mit din irwarteten Breiftn
zwi-      nung zwlsohen der Vorder- und der Rrlckflanke schen Vorder- und
Rdcdiflankensignalen wle-    des gleichen Impulses in den zwei Signalen an-
derherzuseillen.                               zeigt. 9. Vomichtung zur
Korrektur von Breltnverzerrun-  20  11. Vorrichtung nach Anspruch 10, die
weiterhin um- gen in Impulsbreitenmodulierten Daten, wie in     fast
Anspruch 8 besnsprucht, wobei die Vorrichtung     Mittel zum Mittein der
Differenzen In der Impuls- weibtrhin Vorverzerrungsmittbl far ein optisches
brete zwischen glelchen Impulsen In den Aufzeichnungssystem  slnschlie~tM
das elnen      Schreib- und Lesesignalen, um das Breltenkor-
Strahigenerator (160) zur Erzeugung elnes  25     rektursignal zu erzeugen.
strahlenden Energiestrahis zum Lesen und Schreiben von
impulsbreltinmodulierten Daten   12. Vorrichtung nach Anspruch 11, wobel:
auf elnem Speichermedium aufweist und wobei       das Stbuermittbl (156,
216) eine Flanke des Im- das Vorverzerrungsmittbl elnechlieit
pulses, der korrigiert wurde, um die Impulsbreite Mittel (164,166) zum
Erfassen der Daten, die auf  3o  in dim Lesesignal zur Impulsbreiit des
Schrelb- dim Spelchermedium aufgezeichnit sind, und        signals
wiederherzustellen, verschiebt, und zum Erzeugen elnes iesesignals, des die
Im-       der Strahigenerator (160) ein Laser ist, und die
pulsbreltinmodullertin Datbn anzeigt, die auf     Verweizeit des Lasers
durch die Steuerungsmlt- dim Speichermedium aufgezeichnet sind;
tel gestbuert wird. elne Datensignalquelle (150) zum Bereltstielen   35
iines Schrelbsignals, das als Anzeige far die Im- pulsbreitenmodulierten
Datbn, die auf dim Speil-  Revendications chermedium zu schreiben sind,
dient; Mittel (194, 188) zum Vergieichen des gleichen  1. Proc6d6 pour
corriger des distorsions dans des Impulses als iesesignal und als
Schrelbeignal,  40  donn6es modul6ees en largeur d'impulsion du wahrend die
Daten auf dim Medium geschrieben      type dana lequel des transitions dans
la repre- werden, und zum Erzeugen eines zwelbtn Brel-      sentation de
donn6es correspondent A des bits tbnkorrektursignals (196);
de premiere polarite tandis que l absence de tran- Steuerungsmittel (156,
216), die auf des zweite   sitions correspond a des bits de deuxieme pola-
Bretenkorrektursignal zum Stbuern der Impuls-  45  rite, et dans lequel des
bits de donneis sont re- brtei im Schrelbsignal ansprechen, um ein brel-
cuperes A partir de la synchronisation de fronts tbnkorrigiertes
SchreibsIgnal bereitzustellen;    avant et arribre d'impulsions, Is procede
compre- Mittbl (170,228) zum Anstbuern des Strahlgene-    nant lea etapes
de: rators (160) in Reaktlion auf das korrigierte        (a) d~tecter les
fronts avant d'impulsions de Schrelbsignal, um den Impuls mit einer Brote
so  5o  donneis (12,18); zu schrelben, daS die BroKe des Lesisignalim-
(b) d~tectir lee fronts arribre d'Impulsions de pulses nahe der Breibt des
Schreibsignalimpul-       donnees (16,20); ses ist, ohne Ricksicht auf
Verzerrungen bel         (c) fournirdes signaux dirnpulsion (22,24) en dim
Aufzeichnungsphinomen;                           reponse au front avant
dftctA et en reponse Mittel (168,178,180), die mit din Strahlansbaue-  5s
au front arriore deted6; rungarnittein (170) verbunden sind, zur Normie-
(d) engendrer un signal d'horloge (50, 62,64, rung des Lisesignals, des die
Impulsbreibtnmo-       66) en reponse auxsignaux de fronts avant it
duliertin auf dim Speichermedium aufgezoich-         arrire, ledit signal
d'horloge suivant les deca- 9    17                  EP 0 242 576 B1
18 1 1!I11   lI M        S! 



lages desdits signaux de fronts combines qul    donnees enregistrees
optiquement. apparaissent dans la meme direction de ma- niere a fournir un
temps prevu a la ditection  6. Proocdi salon la revendlcation 1, dans
lequel la- desdits fronts;                                 die btape de
mesurer comprend: (e) mesurer (60, 88, 90) la quantite du deca-   5
comparer (60) lesdits front avantet arrier ;         lage du temps
veritable des fronts avant et      avec ledit temps prevu pour la dteetion
desdits arriere a partir du temps des fronts avant et   fronts; et arriere
prevu tl qu'il est etabli par I'tape pre-     restaurer (88,90) les fronts
avant et arrie- cidento de fournir un signal de correction de   re A leur
synchronisation prevue. largeur; et                             10 (f)
decaler la synchronisation relative entre  7. Procede selon la revendicaton
6, dans lequel la- les signauxde fronts avant et arriere en chan-  dite
etape de comparer (60) comprend: geant la synchronisation d'impulsion d'un
mesurer (70, 76) la difference des temps desdits signaux de fronts avant ou
arribre en   entre les transitions d'impulsion de front avant et reponse au
signal de correction de largeur  15  leur synchronisation prevue; afin de
restaurer la largeur des Impulsions de        mesurer (72, 74) la
difference des temps donnees A la largeur prevue entre les signaux   entre
les transitions d'impulsion de front arribre de fronts avant et arribre.
et leur synchronisation prevue; et accumuler (78, 80) ces diffirences pour
2. Procede salon la revendication 1, dans lequel la-  20  fournir un signal
de correction de front; dit etape d'engendrer une horloge comprend an
dans loqual ladie restauration (88,90) eat outre les etapes de:
sensible au signal de correction de front pour de- d6tecter (50) Is
dephasage entre Is signal   calerlasynchronisation du front avant ou du
front d'horloge et lea signaux do fronts avant et arrie-  arribre I'un par
rapport A I'autre, et dans lequel Io re;
25      signal d'horloge est fourni par des moyens (50, acceilrer (56) ou
ralentir (58) le signal    62,64,66) comprenant des moyens d'horlogerie
d'horloge en reponse au dephasage entre le si-     de blocage de phase pour
fournir, comma syn- gnal d'horloge et les signaux de fronts avant et
chronisation prevue, un signal d'horloge qui trace arriere.
les variations de la synchronisation des transi- 30     tions de fronts
avant et arriere decalees dans la 3. Procede solon la revendication 2, dans
lequel la-  meme direction. dite etape de mesurer comprend: ditecter (70 ou
76) un premier dephasage  8. Appareil pour corriger des distorsions de
largeur entre les signaux de front avant et le signal      d'impulsion dans
des donnees modulees en lar- d'horloge;                                 35
geur d'impulsion du type dans lequel des transi- ditocter (72 ou 74) un
deuxieme dephasa-     tions dans la reprisentatlon de donnees corres- ge
entre lea signaux de front arriere et le signal  pondent A des bits de
premiere polarite tandis d'horloge;
quo l'absence de transitions correspond A des combiner (78) ou (80) les
premier et         bits de deuxibme polarite, et dans lequel des bits
deuxieme dephasages pour engendrer le signal  40   dedonneessontrecuperesa
partirdelasynchro- de correction de largeur.
nisation des fronts avant et arribre d'impulsions, I'appareil comprenant 4.
Procede selon la revendication 3, dans lequdl la-     (a) des moyens pour
ditecter les fronts avant dite etape de decaler comprend:
d'impulsions de donnees (12, 18); retarder( 20) les signaux de front arrire
45   (b) des moyens pour ditecter les fronts arrib- par rapport aux signaux
de front avant;              re d'impulslons de donnies (16, 20);
regler(92)le retard dans l'etape priciden-      (c) des moyans
pourfournirdes signauxd'im- tb en reponse au signaux de correction de lar-
pulsion (22,24) en reponse au front avant de- geur; et
tect6 et an reponse au front arriere ditecti; ladito etape de combiner
comprend on ou-  5o    (d) des moyans pour engendrer un signal tre l'etape
de:                                       d'horloge (50, 62, 64, 66) en
reponse aux si- faire la moyenne (88, 90) des premier et        gnaux de
fronts avant et arfiere, ledit signal deuxilme dephasages sur pluslburs
detections          d'horloge suivant les decalages desd is si- de fronts
avant et arribre.                           gnaux de fronts combines qui
apparaissent 55         dans la m6me direction de maniere a fournir 5.
Procodi selon l'une quelconque des revendica-         un temps prevu A la
detection desdits fronts; tions I A 4, ledit procodi etant applique A la
(a) des moyens pour mesurer (60, 88, 90) la correction de signaux de
donnees extraits de          quantiti du decalage du temps veirtable des 10
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* C   L   M S * fronts avant et arriere a partir du temps des         ce
qul fait que lesdites donnees normali- fronts avant et arriere prevu tel
qu'il est 6tabli  sees sontutilisdes pour alimenter lesdits moyens par les
moyens pour engendrer un signal         pour ditecter les fronts avant
d'impulsions de d'horloge pour fournir un signal de correction  donnesa
(12, 18) et pour etre complementees et de largeur; et
5       alimenterlesdits moyens pour d6tecter les fronts (f) des moyens
pour decaler la synchronisa-     arriere d'impulsions de donnees (16, 20).
tion relative entre les signaux de fronts avant et arriere en changeant la
synchronisation   10. Apparell salon la revendication 9, dans lequel:
d'impulsion d'un desdits signaux de fronts            lesdits moyens de
d6tection (164,166) en- avant ou arriere en reponse au signal de   10
gendrent un signal rel indiquant les fronts avant correction de largeur
afin de restaurer la lar-  et arriere des Impulsions de donnees; geur des
impulsions de donnees a la largeur           lesdits moyensde comparalson
(194,188) voulue entre les signaux de fronts avant at     prennentla
diffirenceixistantentre le signal rel arriori.
it le signal d'ecriture Indiquant la difference de 1t     synchronisation
entre les fronts avant et arriere 9. Appareill pour corriger des
distorsions de largeur  de la mome Impulsion dane les deux signaux.
d'impulshon dana des donnees moduloes en lar- geur d'lmpulsion silon la
rovendlcation 8, ledit  11. Apparell salon la revendication 10, comprenant
appareil comprenant en outre des moyens de         en outre: pre-distorsion
pour un systeme d'enregistroment  20     des moyens pour faire la moyenne
entre optique ayant un goneratbur de faisceau (160)     les differencos de
largeur d'impulsion existant pourengendrerunfaisceau d'nergie rayonnanti
entre les memes impulsions dane les signaux pour lire et ocriro des donnees
modulues en lar-   d'icrituri it de lecture de maniore a engendrer le geur
d'impulsion sur un support d'emmagasina-      signal de correction de
largeur. go, lesdits moyens de pr6-distorsion compre-  25 nant:
12. Apparell selon la revendication 11, dans lequel: des moyens (164, 186)
pour dteoctor les            lesdits moyens de contrOle (156,216) de-
donnees enrogistrees sur le support d'emmaga-      calent un front de
l'impulsion alors corrigee pour sinage et engendrer un signal reol
Indiquant les   restaurer la largeur di l'impulsion dans lesignal donneos
modulues en largeur d'impulsion enre-  3o  de lecture a la largeur de
l'impulsion dana le si- gistroes sur le support d'emmagasinage;
gnal d'ecriture; et une sourci de signal de donnees (150)
ledit gonorateur de faisceau (160) est un pourfournirun signal d'ocriture
indiquantles don-  laser et le timps d'arret momentano du laser est noes
modulees en largeur d'impulsion a icrire      contr6lo par lesdits moyens
de controle. sur le support d'emmagasinage;            35 des moyens (194,
188) pour comparer la meme impulsion dans Is signal de lecture et le si-
gnal d'ocriture, tandis que lea donnees sont ecri- tea sur le support, et
engendrer un deuxibme si- gnal de correction de largeur (196);       40 des
moyens de controle (156, 216) in ro- ponse au deuxibme signal de correction
de lar- geur pour contrOler la largeurde l'impulsion dans le signal
d'ecriture afin de fournir un signal d'icri- ture de largeur corrigie;
45 des moyens d'oxcitation (170, 228) pour exciter ledit gbnbratbur de
falsceau (160) en ro- ponse au signal d'ocriture corrigb afin d'icriro
l'impulsion avec une largeur tills quo la largeur de l'lmpulsion de signal
de lecture solt procho di   60 la largeurde l'impulsion di signal
d'oariture Indo- pendamment des distorsions du phinomene d'enregistrement;
des moyens (168, 178, 180) connectis auxdits moyens d'excitation de
faisceau (170)  55 pour normallser ledit signal de lecturo Indiquant les
donnoss moduldes on largeurd'impulslon en- registreos sur le support
d'emmagasinago; 11    


