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numerical values until after the calibration has been completed. The
present invention relates to control systems   The object of the present
invention Is to provide forlasers orotherlighteemitting devicesand more
par-  an improved control system for a light emitting de- ticularly to
control systems for solid lasers used in   5   vice, for example a laser
used in an optical data stor- optical data storage devices.
age device. Lasers, particularly solid state lasers, have been  The present
invention relates to a control system used foryears forgenerating light
beams for use in re-  for a light emitting device comprising a control
circuit cording and reading and erasing data on optical stor-  for
controlling the emission of light from the device, a age media. it has been
found that the control systems   10  digital to analog converter for
generating analog sig- and the laser itself are both subject to unintended
nals for supplying to the control circuit in order to con- changes in their
operating parameters. Further, the  trol the Intensity of the emitted light
means for sup- operating parameters of storage media also vary    plying
digital signals to the digital to analog convertor from one medium to the
next; such variations are sig-  in accordance with the required intensity
of the emit- nificant when using so-called removable optical stor-  15  ted
light, and calibrating means for calibrating the age media.
control system to account for variations in the para- It is, of course,
common practice to calibrate the  meters or the operational state of the
system. laser control systems to operate with a given optical  According to
the invention the control system is medium; such calibration usually
involves analysing  characterised in thatthe calibration means comprises
the laser light beam intensity at the optical storage   20   means for
varying the digital signals supplied to the medium, then setting the
operation of the laser con-  convertor until the intensity of the light
emitted from trol circuits to match a predetermined or desired light  the
device is at a first minimum level and storing the Intensity at the optical
storage medium. Such control  value of the Digital signals as a first
digital value, systems have included digital to analog converters  means
for varying the digital signals supplied to said (DAC) for enabling the
data recording, reading, and   25  convertor until the intensity of the
light emitted from erasing operations on an optical storage medium.   the
device is at a second, maximum level and storing Laser operations have been
controlled indepen-  the value of the digital signals as a second digital
val- dently of the optical medium. For example, US -A-  ue, and calculating
means for calculating from the 4,709,389 shows establishing a DC voltage
which    stored digital values the change of light intensity (E) represent
the peak value of light pulses out of a laser  30  represented by a unit
change of digital signal value. diode independent of the modulation pattern
of the     In a preferred embodiment of the invention, a dig- light pulses.
This patent shows an integrative feed-  ital to analog converter controls
the output light Inten- back loop which compares the desired power of the
sity of a laser diode, such as for recording signals on laser with the
actual output from the conditioning  an optical disk. Sensing means senses
the laser means to establish an output current to cause the las-  35  beam
or its calibration window output. The laser pow- er diode to supply light
pulses of the desired value.  erfor recording is calibrated by initially
setting the dig- The conditioning means includes a sample and hold  ital to
analog converter (DAC) to supply a drive to the circuit operative in
association with an Integrator  laser at a predetermined minimum laser
power. The feedback loop to perform at a rate as if the modulated
numerical input to the DAC Is increased until an ana- or chopped light from
the laser diode were continu-  40  log comparison of the laser beam
intensity reaches a ously on. The adjustment of the laser is made by hu-
predetermined value above the minimum laser power man operator. It is
desired to eliminate the need fora  level. At that point, the calibration
steps of the DAC human operator by automatically calibrating and ad-  and
laser circuits steps. A calculation in a micropro- justing the laser
output.                          cessor subtracts the minimal power value
from the US -A- 4,503,487 shows a digital to analog con-  45  power
reference value, then divides the numberof the verter driven by an
increasing counter for increasing  DAC setting between the two power levels
to obtain the digital to analog converter output in a step-wise  a DAC
efficiency which is laser output power level mannerfrom a lower-limit value
to an upper-limit val-  change per DAC unit-value input change. Then the
ue. Comparators compare the output signals of the  power levels desired for
operating the laser are deter- light receiving units, which are In a row of
light receiv- 50   mined. The relationship of each DAC unit-value input ing
units, with an analog reference signal which rep-  for obtaining absolute
laser output value is then deter- resents darkness or no light. Memories
receive the  mined by calculations. digital signal and are controlled by
the comparators to  In another aspect of the invention the compara- store
instantaneous digital values when the corre-  tors used for determining the
minimum power level sponding comparators change their states i.e., cap-  55
and the maximum or reference power level are then ture the numerical value
used to generate a predeter-  used during normal day to day operations of
the laser mined analog value. It is desired to provide forafaster  for
detecting under power and over power conditions. calibration technique not
involving the use of digitised  In order that the Invention may be more
readily 2    
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embodiment will now be described      signals over line 34 which are
indicative of laser 14 with reference to the accompanying drawings in
output beam Intensity. Potentiometer 38 adjusts the which:
gain of transimpedance amplifier 32 for achieving a Fig.  Is a simplified
block diagram of an optical  target read output power level. This
adjustment ef- disk data storage system embodying a laser con-   5   fects
a calibrated signal level on line 34 in volts per trol system according to
the Invention,          watts. As a result, the signal level on line 34
repre- Fig. 2 is a simplified flowchart of the operation of  sents the
absolute light power output of laser 14. Las- the laser control system
illustrated In Fig. 1,  er control circuit 15, under normal operations, re-
Fig. 3 Is a circuit diagram showing the operation  sponds to the signal
level on line 34 to maintain the of the calibration, over power and under
power  10  laser 14 operation at predetermined Intensity values, operations
of the laser control system illustrated  as is known. in Fig. 1,
As will now be described, additional circuits are Fig. 4 is a simplified
chart of the operation of the  provided for processing the line 34 signal
for enabling initial calibration of the control system illustrated
automatic calibration of DAC 23 such that numerical In Fig. 1,
15  values on cable 22 accurately represent a desired Fig. 5 is a chart of
the operation of over or under  output light beam Intensity from laser 14.
it Is expect- power error detection in the control system illu-  ed that
DAC 23 will be calibrated each time a new disk strated in Fig. 1, and
10 is Inserted into the storage system and/or during Fig. 6 is a
diagrammatic illustration of an optical  predetermined error recovery
procedures. DAC 23 is recording disk on which power level and control  20
calibrated based upon Increases in laser 14 output level information is
recorded and which is usable  light beam Intensity between a minimum orsafe
value with the control system Illustrated in Fig. 1.   and a maximum
calculated predetermined operation- Referring now more particularly to the
accompa-  al value. Such maximum value is predetermined nying drawings,
like numerals indicate like parts and  based upon the operating range of
the optical me- structural features In the various Figures. Amagneto-   25
dium 10 as well as the laser 14 operating limits. optical data storage disk
10 is suitably mounted forro-  Afirst analog comparator40 receives atone
input tation in an optical disk data storage system (mech-  the line 34
signal indicating the laser 14 output beam anical details not shown). Other
types of optical me-  light Intensity. On line 41 is a reference value
indica- dia may alternatively be employed while practising   tive of the
desired minimum or safe value CAL VRI. the embodiment to be described. An
optical system   3o   Comparator 40 supplies an inactive signal over line
11, which includes the usual beam splitters and the  42 to microprocessor
20 at all times unless the signal like, supplies a light beam through
objective lens 12  on line 34 Indicates that laser 14 is emitting a light
over light path 13 and receives reflected light from  beam of intensity
equal to or greater than the mini- disk 10 over the same path and objective
lens 12. Las-  mum value. At this time comparator4O supplies an ac- er 14
supplies a light beam through optical system 11   35  tive signal over line
42 to microprocessor 20. Micro- to disk 10 as controlled by laser control
unit 15, as lat-  processor 20 then stores the DAC 23 input value in ta-
erdetailed in Fig. 3. The Fig. I illustrated data storage  ble 43 for later
calculating values to be used in con- system is under the control of a
programmed micro-   trailing laser 14. processor 20 which has a random
access memory           The microprocessor 20 programming, as later de-
(RAM) 21. Microprocessor 20 supplies a digital value   40  scribed,
continuously increases the numerical value over cable 22 to digital to
analog converter (DAC) 23.  over cable 22 to thereby cause DAC 23 to
actuate las- DAC 23 supplies an analog signal to laser control cir-  er 14
to ever Increasing power levels for increasing cuit 15 for determining the
Intensity of the beam of  the output light intensity. This repetitive step
by step light emitted by laser 14 to optical system 11. The las-
increasing continues until comparator 35, construct- er output light beam
intensity in modulated in accor-  45   ed in the same way as comparator 40
and in which dance with data as supplied by microprocessor 20, or  line 36
is connected to a CAL VR2 reference signal via other data handling
circuits. Line 24, extending from  switch 38, detects at its first input a
signal on line 34 microprocessor 20 to laser control circuit 15, signifies
which is greater in amplitude than the reference sig- additional mode
control for controlling the laser con-  nal on line 38 representing a
maximum or desired ref- trol circuit 15, all as will become apparent.   50
erence output light Intensity of laser 14. Comparator Laser 14 is
controlled In Intensity by a feedback  35, when sensing that the line 34
signal is less than circuit in laser control circuit 15. Laser 14 emits an
the reference signal on line 36, supplies an inactive auxiliary light beam
over light path 30 to a photo diode  signal over line 37 to microprocessor
20. As soon as 31. Photo diode 31 varies the amplitude of the output
comparator 35 determines that the line 34 signal ex- current In accordance
with the Intensity of the light  55   ceeds the reference signal on line
36, then an active over path 30, as is known. Transimpedance amplifier
signal is supplied over line 37 to microprocessor 20, 32 responds to the
diode 31 output current amplitude  whereupon microprocessor 20 stores that
DAC 23 in- compared with a reference value on line 33 to supply  put value
in table 43. At this point, microprocessor 20 3    



5                   EP0467616B1                    6 has completed the
measurement portion of the initial  divided by the DAC 23 range (DACmax -
DACmin) to DAC 23 calibration.                               obtain a value
E of power level change per each DAC It is to be understood that
microprocessor20 also  23 step or change of a unitaryvalue in numerical
con- controls all aspects of the illustrated optical disk data  trol on
line 22. Such value E can be considered as storage system. For example,
detector 50, which de-   5   representing the total efficiency of the laser
control tects the data sensed from medium 10, is also con-  circuit 15 and
the laser 14. trolled to supplythe datasignalsoverline 51 as Iswell  Then
in step 65, microprocessor 20 uses the val- known. Detector 50 is an
optical detector which is opt-  us E or efficiency for calculating the
various settings ically coupled through optical system 11.         for DAC
23 fordata recording and erasing operations. Fig. 2 illustrates in flow
chart form the operations  10  In step 65 the DAC input digital value for
recording is described with respect to the Fig. 1 illustrated data
calculated by adding the DACmin value to a respec- storage system. At step
55 microprocessor 20 sets  tive calculated recording or erasing power level
Incre- the erase mode for operating the laser 14. Erase   ment. in the
equation below, "P signifies either the mode merely means that laser 14 is
continuously ON  desired recording or erasing power level; at a constant
laser output intensity, L.e., such as used   15     P - Pmin. for erasing
signals recorded on magneto-optic me-                    E dium 10. At step
56, microprocessor 20 supplies a     Therefore, the DAC 23 setting for any
desired number over line 22 for setting DAC 23 to a lowest or  power level
P is: minimum output light Intensity level for laser 14. At   DAC = DACmin
+ [(P - Pmin)/E] (2) step 57, microprocessor 20 examines the signal state
20  The DACmin can be selected to be zero which of line 42 to determine
whether or not the measured  eliminates steps 57 and 58. Step 58 sets
DACmin to light intensity from laser 14 over light path 30 is ex-  zero
which is Pmin. In this instance, the calculations ceeding the minimum power
limit Pmin Indicated by  of step 65 are simplified in that DACmin = 0 which
re- the signal on line 41. Normally during a first step the  duces equation
(2) to: limit is not exceeded where upon the DAC 23 value   25        DAC -
P - Pmin  (3) is increased at step 58. Step 57 is then re-entered and
E steps 57 and 58 are repeated until comparator40 de-  and the efficiency
equation to: termines that the limit for the calibration has been ex-  E =
(Pmax - Pmin)/DACmax  (4) ceeded. At this time, microprocessor 20, in step
60,  The efficiency E is affected bythe operation ofdi- stores in table 43
the value sent to DAC 23, "DAC-  3o  ode 31, laser 14, amplifier 32and
lasercontrol circuit min", the DAC Input value for actuating laser 14 to
15 as well as of DAC 23 Itself. Changes In "E" can in- emit light at 'Pmin"
power or Intensity level.     dicate changes in any of these parameters.
Repeated The procedure used in above-described steps 57  E measurements are
requirements for the system and 58 is used in steps 61 and 62 for
determining the  maintenance and operation. maximum laser power output
level. At step 61, micro-  35  The values calculated from equations (2) or
(3) processor 20 senses the signal state of line 37 (com-  are then stored
in table 43 for use by microprocessor parator 35 output). If the line 37
signal is in an inactive  20 during normal operations. During a data
recording state, then the line 34 signal is less that the limit am-
operation, the value calculated at step 65 is used to plitude supplied over
line 36, i.e. the laser 14 output  change the state of medium 10 and the
area currently light intensity is less than the desired maximum level.  40
being scanned by the laser beam traveling over path The DAC 23 input value
is Increased in step 62 and  13. in between the recording steps I.e., to
record the steps 61-62 are repeated until comparator35 sup-  "zeros" or no
changes, the read output laser light pow- plies an active signal to line
37. When the level  er level is used. Now the data recording system illu-
"pmax" is exceeded as detected at step 61, micropro-  strated in Fig. 1 is
prepared for normal operations as cessor 20 saves the DAC 23 Input value in
table 43   45  indicated bystep 66. Atthis point, comparators 35 and as
DACmax, the DAC input value resulting in a laser  40 are now used for
detecting over power conditions 14 output light power of Pmax.
and under power conditions of laser 14 beam emis- The microprocessorthen
performs step 64 which  sion as will be later described. first calculates
the power range represented by the   Referring next to Fig. 3. the details
of laser con- actions of comparators 40 and 35 by subtracting the   50
trol circuit 15 are shown. In laser control circuit 15 am- minimum power
level Pmin represented by compara-   plifier 70 receives a signal from line
34. A reference tor 40 from the maximum power level Pmax repre-    Input at
line 71 controls amplifier 70 during read op- sented by the action of
comparator35 (Pmax - Pmin).  erations. Resistor network 73 is coupled to
reference Microprocessor 20 then calculates the DAC 23 range  voltages with
the bias supplied to amplifier 70 over determined by comparators 35 and 40
by subtracting   55  line 71 being varied by the read switch 72. The signal
the DAC 23 number DACmin stored from the execu-    voltage amplitude
difference between the line 34 and tion of machine step 57 from the DACmax
value. In  line 71 signals is the voltage error output between a step 64,
the calculated power range (Pmax-Pmin) Is  desired read laser output power
level and the actual 4    
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level. Amplifier 70 amplifies this  takes place. During data recording or
erasing modes, error voltage and supplies it through control switch 75
switch 75 Is kept open to prevent the above described as closed via the
signal from microprocessor 20 re-  servo action from changing the laser
drive current calved over line 76. Switch 75 is closed for read op-  during
recording or erasing. erations. Capacitor 77 smooths the signal received
5  Comparators 35 and 40 are used not only forcall- from amplifier 70 and
acts as a sample and hold ca-  brating the DAC 23 but also for detecting
under and pacitor when switch 75 is open. Asecond amplifier 78  over power
conditions by changing comparator refer- buffers and amplifies the error
signal for passing it  ence values. Switch 105 has its output terminal con-
through resistor 79 to a controlling transistor 80,  nected to line 41 for
controlling comparator40. During which acts as a current control. A second
transistor  10  the calibration phase, microprocessor 20, by signal 81 has
its base connected to the collectorof transistor  on line 24 (not shown in
Fig. 3), switches electronic 80 for supplying a current from a reference
source  switch 105 to line 107 such that the reference voltage +V1 which
flows through voltage shifting diode 82   VRI is supplied over line 41 to
comparator 40 for de- thence to laser diode 14 for causing emission of
light.  tecting the minimum power laser 14 output level. Dur- The value of
the currentflowing through transistor 81   15  Ing normal operations,
switch 105 is switched to line is the total value for the mode involved.
For recording,  106 which indicates a minimum power to be emitted this
means a recording level of current flowing    by laser 14. Similarly,
switch 110 has its output con- through laser diode 14 for actuating it to
emit an out-  nected to line 36 as an input to switching comparator put
light beam having a power or Intensity level for re-  35. During the
calibration phase, line 111 is connected cording on a record medium.
Between the writing or  20  through switch 110 to line 36 for determining
the max- recording actions i.e., the recording of zeros" ormak-  imum power
calibration level indicated by VR2. Dur- ing no change in the record medium
that has previ-   ing the read mode of operation, switch 110 couples ously
been erased, the current from transistor 81 Is  line 112 which supplies a
safe or maximum read am- partially diverted through a transistor 86 to
current  plitude Indicating signal to line 36 for ensuring thatthe sink 87.
The value of the current flowing to the current  25  read laser light beam
intensity is low enough to pre- sink is controlled by DAC 23, therefore
controlling the  vent any unintended erasure of recorded information laser
14 emission. A write data signal is supplied to  In the area being scanned
by the laser 14 light beam. switch 90, shown as a flip-flop. A transistor
turn-off  In the write mode, the maximum power indication for signal
supplied over line 91 makes transistor 86 non-  the write mode on line 113
is supplied to line 36. This conductive. This action forces the current
from tran-  3o  prevents over power of the laser 14. in a similar man-
sistor8l toflowthrough the laserdiode 14forcausing  ner, but not required,
is the erase level safe value sig- maximum emission of radiation, i.e
maximum light   nal on line 114 to be used during the erase mode. output.
Simultaneously, the line 92 from the flip-flop  If either of the switching
comparators 35 and 40 90 switches transistor 93 to current conduction for
re-  supplies its respective signal during normal opera- placing the
current in current sink 87 previously sup-  35  tions over lines 42 and 37,
those signals are passed plied by transistor 86. The result is the
recording of bi-  through logic OR circuit 100 through switch 101, nary
"ones on the record medium 10, such as by re-  which is closed only during
normal operations, over versing the remanent magnetisation of the area
scan-  line 102 to microprocessor 20. The signal on line 102 ned by the
beam on path 13. When a "not write" signal  then interrupts microprocessor
20 to turn off the laser is being supplied to flip-flop 90, the current
conduc-  40  14. tion of transistors 86 and 93 is reversed for diverting
The two-level under power and over power pro- current from transistor 81 to
reduce the emission of  tection handles the following conditions. If a
sudden light from laser 14.                               change occurs In
any of the components, such as During data reading operations, switch 75
being  shown in Fig. 3, or a sudden obstruction of the optical closed, a
laser 14 control loop exists such that the line   45   path occurs due to
debris, or other causes, such an 34 signal (representing emitted laser
light power or In-  occurrence is detected by the under power and over
tensity) matches the line 71 signal (desired read laser  power detectors 35
and 40 during normal operating output power or intensity level). Each time
micropro-  mode. Reduced transparency in the optical path 30 cessor 20
changes the DAC 23 input value, It closes  reduces the photo current from
photo diode 31, as a switch 75 and sets flip-flop 90. Then transistor 88
be-  50  result lasercontroller 15 tries to Increase the laser 14 comes
current conductive. This action changes the  current and thus its power
Intensity output when in current amplitude in current sink 87 such that the
factsuch Increase Is notwarranted. In this case, com- amount of current
being diverted from transistor 81 is  parator 40 detects the under-power
condition which also changed. Upon each change of input value to   results
in microprocessor 20 turning off the laser DAC 23, a time delay is required
to allow the laser  55   power. if there is a sudden change such as one
that control servo loop described above to reach an equl-  occurs within 3
microseconds, a significant voltage librium operating point. During this
time delay, a  excursion occurs at the output of amplifier 32 and Is change
in the current flowing through transistor 81  detected as either an under
power condition by com- 5    
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over power condition by comparator  14. 35. Failure of circuit components
within laser control  At step 141, the line 37 is sensed to determine if
circuit 15 can also cause various changes in the laser  it is still
inactive. If the line 37 signal Is active at step 14 operation all of which
will be detected by the com-  142, then an error condition has occurred
i.e., the parators 35 and 40 causing microprocessor 20 to turn   5
maximum and minimum levels should not be the off the laser for protecting
recorded data. Slower  same. If the line 37 signal Is inactive at step 142,
then changes in optical path efficiency, detector 31 effi-  microprocessor
20 at step 144 stores the minimum ciency laser 14 efficiency, control
circuit 15 and oth-  level value (DACmin) in table 43 of RAM 21. Then mi-
ers are detected by recalibration of DAC 23 efficiency  croprocessor 20
enters an operations loop having as will be described.
10  steps 145-152 for finding the maximum power level The flow chart of
Fig. 4 shows a sequence that  as detected by switching comparator 35. Steps
145 microprocessor 20 executes for calibrating DAC 23  and 146 respectively
Inactivate write data (reset flip- beginning at a initialisation time at
line 129. At step  flop 90) and close switch 75. 130, microprocessor 20
closes switch 75 for enabling    In step 147, DAC 23 input value Is
increased by the laser servo to change its operating power level as   15  a
predetermined number of units, such as 1, 2, or 3. DAC 23 receives changes
Input values from the ml-  Microprocessor 20 tallies the increases of DAC
23 croprocessor. At step 131, write data input is kept in-  steps and
stores the tally in table 43. After the DAC active such that flip-flop 90
(Fig. 3) Is kept in an inac-  input value has been increased, a time delay
148 oc- tive state. This flip-flop 90 state actuates transistor 86  curs
for allowing the laser system to settle to a stea- to be current conductive
and transistor 93 to be cur-  20  dy-state condition. Steps 149 and 150
respectively rent non-conductive. At step 132, microprocessor 20  open
switch 75 and activate write data (set flip-flop supplies the minimum
digital value signals over cable  90). Atstep 151 microprocessor 20 senses
line 37 for 22 to DAC 23 (sets DAC 23 to minimum Input value).  the active
or Inactive signal condition. If the line 37 At this time, the current in
current sink 87 is subtract-  signal is inactive at step 152, the loop Is
re-entered ed from the transistor 81 collector current.  25  and repeated
until line 37 become active. When the At step 133, a time delay allows the
Fig. 3 illu-  line 37 signal is active, microprocessor 20 in step 153
strated control circuit 15 and the optical response to  stores the current
DAC 23 input value in table 43 as reach steady-state conditions reflecting
the DAC 23  DACmax, in step 154 resets flip-flop 90 to inactivate minimum
Inputvalue. As a result, the transistor  81 col-  write data and closes
switch 75 in step 155. Then from lector current is changed such that the
laser 14 output  3o  step 155, microprocessor 20 proceeds to step 64 of
light power, represented by the signal on line 34,  Fig. 2 via line 156.
matches the desired level represented by the line 71   Fig. 5 Is an
abbreviated flow chart of normal mi- signal.
croprocessoroperations showing the detection of un- At step 134,
microprocessor 20 opens switch 75  der and over power conditions.
Microprocessor 20 for holding the transistor 81 collector current at a con-
35   has a known Interrupt input. The line 102 signal is sup- stant value
determined by the current DAC 23 digital  plied to those microprocessor 20
real time Interrupts input value. In step 135 microprocessor 20 activates
having a high priority. As soon as a signal on line 102 the write data
signal by setting flip-flop 90 to the ac-  activates the Interrupt, such as
at step 160, micropro- tive state. The flip-flop 90 active state forces
transis-  cessor20 immediately turns its attention to that Inter- tor 86 to
be current nonconductive and transistor 93   40  rupt. At step 161,
microprocessor2O turns off laser 14 to be current conductive. At this
Instant, all the current  in response to the received interrupt. Then at
step from the collector of transistor 81 Is supplied to laser  162, the
laser 14 can be re-calibrated to see if a mo- diode 14 causing it to emit
light at a maximum power  mentary or Intermittent condition occurred. If
the re- level determined by DAC 23 setting. Microprocessor  calibration is
successful, then at step 163 a normal 20then, atstep 136, senses the
comparator40 output  45  operation proceeds with an error being noted in an
er- signal on line 42. If the comparator 40 signal is inac-  ror log in a
usual manner. If the recalibration is not tive (relatively negative, for
example), as sensed by  successful, then a permanent error is setand laser
14 step 137, microprocessor 20 inactivates the write  is turned off pending
manual remedial actions. data (resets flip-flop 90) and in step 138 doses
switch  Fig. 6 is a simplified diagrammatic plan view of a 75.
so  data storage disk 10 having an area 172 which stores Atstep 139 the
microprocessor 20 supplied input  nominal (recommended laser intensity)
values for use value on cable 22 is Increased by a predetermined  In
recording, erasing, and reading data from the disk amount. This DAC 23
changed input is followed by a  10. Such numbers can be provided atthe time
of man- time delay 140 before the steps 134-137 are repeated  ufacture of
disk 10 and used by microprocessor 20 to until the comparator 40 supplies
an active signal (rel-  55  calculate the DAC 23 digital input values for
required atively positive signal, for example) over line 42 which  laser
output power levels for operating with a partic- cause microprocessor 20 to
exit the loop as a mini-  ular Individual disk. Whenever a disk 10 having
the mum output light power has been generated by laser  calibration
Information in area 171 Is loaded into a 6    
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then during initlalsation such in-  tween said first and saidsecond digital
values by formation is read by microprocessor 20 for use in ini-  the
difference between said maximum and mini- tialising the storage system to
the particular disk 10.  mum light intensity levels to calculate the value
of E. In another aspect of the arrangement described, at time of
manufacturing the Fig. 1 illustrated storage   5   3. A control system as
claimed in either of the pre- system, the DAC 23 can be calibrated in the
factory.   ceding claims characterised in that calibrating Such DAC
efficiency calibration and calculation re-    means comprises sults can be
stored in a long term retentive storage In      means (30, 31, 32) for
measuring the in- PROM 171 for later use In the storage system. In sub-
tensity of said emitted light while it is varied, sequent DAC 23 efficiency
calibrations, the newly ob-  10   first comparison means (40) for comparing
tained DAC efficiency value "E" is compared with the     said measured
light intensity with a signal repre- initial E value stored in PROM 171.
Such comparison    senting said minimum value and for supplying to is
useful in measuring changes in DAC 23 efficiency    said calculating means
a first signal when said value E overtime or with known operating
conditions.   minimum value is not exceeded and a second sig- When the
limits are exceeded, then an error condition   15  nal when said minimum
value is exceeded, and Is signalled for manual Intervention and remedial
ac-       second comparison means (35) for com- tion. DAC calibration using
the arrangement descri-    paring said measured light intensity with a
signal bed detects such variations in operation of any optical
representing said maximum value and for supply- data storage system or
other optical device.          ing to said calculating means a third signal
when 20      said maximum value is not exceeded and a fourth signal when
said maximum value is exceeded. Claims 1. A control system for a light
emitting device (14)  Patentansprache comprising
25 a control circuit (15) for controlling the  1. Ein Stuersystem fOr elne
lichtaussendende Vor- emission of light from said device,
richtung (14), folgendes aufwelsend: a digital to analog converter (23) for
gen-   elne Steuerschaltung (15) zum Steuern derAus- erating analog signals
for supplying to said con-  sendung von Licht von der genannten Vorrich-
trol circuit (15) in order to control the Intensity of  3o  tung, said
emitted light,                                elnen Digital-Analog-Wandler
(23) zur Erzeu- means (20) for supplying digital signals to   gung von
Analog-Signalen, die an die genannte said digital to analog convertor In
accordance     Steuerschaltung (15) gesendet werden, um die with the
required Intensity of said emitted light,  Intensitit des genannten
ausgesendeten Lichts and                                        35      zu
steueM, calibrating means for calibrating said con-   Mittel (20) zum
Senden von Digital-Signalen an trol system to account for variations in the
para-  den genannten Digital-Analog-Wandler entspre- meters or the
operational state of said system,    chend der geforderten Intensitit des
genannten characterised In that said calibrating means coin-  ausgesendeten
Lichts, und prises                                     40
Kalibriermittel zur Kalibrierung des genannten means (20) for varying the
digital signals    Steuersystems zur Ber0ckalchtlgung von Schwan- supplied
tosaid convertor until the intensity of the  kungen in den Parametern oder
im Betriebszu- light emitted from said device Is at a first, mini-  stand
des genannten Systems, mum level and storing the value of said digital sig-
dadurch gekennzeichnet, dall das genannte Ka- nals as a first digital
value,             45      libriermittel folgendes aufwelst means (20) for
varying the digital signals    Mittel (20) zum Verindern der an den
genannten supplied to said convertor until the intensity of the  Wandler
gesendeten Digital-Signale, bis die In- light emitted from said device is
at a second,     tensitit des von der genannten Vorrichtung aus- maximum
level and storing the value of said dig-   gesendeten Lichts elnen ersten
Mlndestpegel er- ital signals as a second digital value, and  so    reicht
hat, und Speichern des Werts der genann- calculating means (20) for
calculating        ten Digital-Signale als elnen ersten Digital-Wert, from
said stored digital values the change of light  Mittel (20) zum Verandern
der zum genannten Intensity (E) represented by a unit change of dig-
Wandler gesendeten Digital-Signale, bis die In- ital signal value.
tensitAt des von der genannten Vorrichtung aus- 56      gesendeten Lichts
alnen zwebten H8chstpegel 2. Acontrol system as claimed in Claim I
character-    erreicht hat, und Speichern des Warts des  - Ised in that
said calibrating means comprises      nannten Digital-Signals ale zwelten
Dlgital-Wert, means (20) for dividing the difference be-    und 7    11
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C   L   M   S * disk storage system, then during initialisation such In-
tween said first and said second digital values by formation is read by
microprocessor 20 for use In In-  the difference between said maximum and
mini- tialising the storage system to the particular disk 10.  mum light
Intensity levels to calculate the value of E. In another aspect of the
arrangement described, at time of manufacturing the Fig. 1 Illustrated
storage   5   3. A control system as claimed in either of the pre- system,
the DAC 23 can be calibrated in the factory.   ceding claims characterised
In that calibrating Such DAC efficiency calibration and calculation re-
means comprises suits can be stored in a long term retentive storage in
means (30, 31. 32) for measuring the in- PROM 171 for later use in the
storage system. In sub-  tensity of said emitted light while it is varied,
sequent DAC 23 efficiency calibrations, the newly ob-  to   first
comparison means (40) for comparing tained DAC efficiency value "E" is
compared with the   said measured light Intensity with a signal repre-
initial E value stored in PROM 171. Such comparison    senting said minimum
value and for supplying to Is useful in measuring changes in DAC 23
efficiency    said calculating means a first signal when said value E
overtime or with known operating conditions.   minimum value is not
exceeded and a second sig- When the limits are exceeded, then an error
condition   15  nal when said minimum value is exceeded, and Is signalled
for manual Intervention and remedial ac-       second comparison means (35)
for com- tion. DAC calibration using the arrangement descri-    paring said
measured light intensity with a signal bed detects such variations in
operation of any optical  representing said maximum value and for supply-
data storage system or other optical device.           ing to said
calculating means a third signal when 20      said maximum value Is not
exceeded and a fourth signal when said maximum value Is exceeded. Claims 1.
A control system for a light emitting device (14)  Patentanspriche
comprising                                 25 a control circuit (15) for
controlling the  1. En Steuersystem fOr eine lichtaussendende Vor- emission
of light from said device,                richtung (14), folgendes
aufweisend: a digital to analog converter (23) for gen-   sine
Steuerschaltung (15) zum Steuern derAus- erating analog signals for
supplying to said con-  sendung von Licht von der genannten Vorrich- trol
circuit (15 ) in order to control the Intensity of  30  tung, said emitted
light,                                 elnen Digital-Analog-Wandler (23)
zur Erzeu- means (20) for supplying digital signals to   gung von
Analog-Signalen, die an die genannte said digital to analog convertor in
accordance      Steuerschaltung (15) gesendet werden, um die with the
required intensity of said emitted light,  Intensitat des genannten
ausgesendeten Lichts and                                        35      zu
steuern, calibrating means for calibrating said con-   Mittel (20) zum
Senden von Digital-Signalen an trol system to account for variations in the
para-  den genannten Digital-Analog-Wandler entspre- meters or the
operational state of said system,    chend der geforderten Intensitit des
genannten characterised in that said calibrating means com-  ausgesendeten
Uchts, und prises                                     40
Kallbriermittel zur Kallbrierung des genannten means (20) for varying the
digital signals    Steuersystems zur Berfckslchtigung von Schwan- supplied
to said convertor until the Intensity of the  kungen in den Parametern oder
im Betriebszu- light emitted from said device Is at a first, mini-  stand
des genannten Systems, mum level and storing the value of said digital sig-
dadurch gekennzeichnet, daS das genannte Ka- nals as a first digital value,
45      libriermittel folgendes aufwelst: means (20) for varying the
digital signals    Mittel (20) zum Verandern der an den genannten supplied
to said convertoruntil the intensity of the  Wandler gesendeten
Digital-Signale, bis die In- light emitted from said device Is at a second,
tensitat des von der genannten Vorrichtung aus- maximum level and storing
the value of said dig-   gesendeten Lichts einen ersten Mindestpegel er-
Ital signals as a second digital value, and  50    reicht hat, und
Speichern des Werts der genann- calculating means (20) for calculating
ten Digital-Signale als einen ersten Digital-Wert, from said stored digital
values the change of light  Mittel (20) zum Verandern der zum genannten
intensity (E) represented by a unit change of dig-  Wandler gesendeten
Digital-Signale, bis die In- ital signal value.
tensitit des von der genannten Vorrichtung aus- 55      gesendeten Lichts
einen zweiten H6chstpegel 2. Acontrol system as claimed in Caim 1
character-     erreicht hat, und Speichern des Werts des ge- Ised in that
said calibrating means comprises       nannten Digital-Signals als zweiten
Digital-Wert, means (20) for dividing the difference be-    und 7    * C
;L 



Berechnungmlittel (20) zur Berechnung der Ver-    callbrage comprennent:
inderung der Uchtintonsitlt (E) aus den genann-         des moyons (20)
pour faire varier les el- ten gespeicherten Digital-Werton, dargostolit
gnaux numeriques fournis audit convertisseur durch sine Veranderungselnhelt
des digitalen Si-  jusqu'A co quo l'intensitb de la lumiere emise par
gnalwerts.                                 5       ledit dispositif soit a
un premier niveau minimum at emmagasiner la valour desdits signaux num6- 2.
Ein Steuersystem nach Anspruch 1, dadurch go-      riques en tant quo
premiere valour num6rique, kennzeichnet, daB das genannto Kalibriermittel
des moyens (20) pour faire varier lea si- foigendes aufweist:
gnaux numeriques fournia audit convertisseur Mittel (20) zum Tdilen der
Differenz zwlschen dem   10  Jusqu'A ce quo l'Intensit de la lumlbre 6mise
par genannten waten und dem genanntbn zwelten Digi-   ledit dispositif soit
a un second niveau maximum, taiwert durch die Differonz zwischon dem
genann-   et emmageasiner la valour deadits signaux numr- ten Hchst- und
Mindest-Libhtintensitltspeged, zur  riques en tant quo seconde valeur
num6rique, et Berechnung des Werts fOrE.                              des
moyens de calcul (20) pour calculer A 15      partir desdites valeurs
num6riques emmagas- 3. Ein Steuersystem nach jedem der vorangehon-
nees le changement dintbnsite de lumibre (E) ro- don Ansprfichs, dadurch
gekennzelchnet daB         present6 par un changement dunitb de valeur de
das Kalibriermittel folgendes aufweist:           signal num6rique. Mittol
(30, 31, 32) zum Measen der Intensitit des genannten ausgesendeton Uchts,
wahrend die-  20  2. Systbme de controle tel quo revendiqu6 dans la sos
verandert wird,                                revendication 1, caract6ris6
en ce quo leadits erste Verglelchamittel (40) zum Verglelchen der    moyens
de calibrage comprennent des moyens gonanntongemeasenen
Uchtintensitamitkeinem        (20) pour divisor Ia diffhrence entre
lesdites pre- Signal, des den genannten Mindestwert darstelit,   mlere et
seconds valeurs num6riques par la dif- und um an des genannte
BerechnungsmIttbl ein  25  f6rence entre lesdits niveaux d'intbnsit6 de lu-
orstes Signal zu senden, wenn dergenannte Mln-     mibre maximum et minimum
pour calculer la va- destwort nlchtflberschritton wird, und sin zweltes
four de E. Signal, wenn der genannte Mindestwert fiber- schritton wird, und
3. Systime de controlo tel quo revendlqu6 dans une zwelte Vergleichsmittel
(35), zum Verglelchen   so  des revendications pr6c6dentes, caractiris6 en
dergenannten gemeseenen Uchtintonsitatmitei-       co quo les moyens de
callbrage comprennent: nem Signal, des den genannten H8chstwert dar-
des moyens (30, 31, 32) pour mesurer I'n- stllt, und um an des genannte
Berechnungsmit-     tonsite de ladite lumlre 6mise pendant qu'elle tel ein
drittes Signal zu liefern, wenn der genann-  vare, to Maximalwert nicht
Oberschritten wird, und sin  35    un premier moyen de comparaison (40)
viertes Signal, wenn der genannte Maximalwort      pour comparer ladits
intensit6 de lumilre mesu- Oberschrittn wird.
r6e A un signal repr6sentant ladite valour mini- mum et pour fournir
auxdits moyens de calcul un premier signal loreque ladite velour minimum >,
Rovendlcations                                40     nWest pas d6pass6o et
un second signal lorsque ladite valour minimum est d6pasdso, et 1.
Dlapositif de controlo pourun dispostlf dmetteur         un second moyon de
comparalson (35) de lumiere (14) comprenant:                        pour
comparer ladite intenait6 de lumlere mesu- un circuit de controls (15) pour
contrdlor   reo A un signal representant ladite valeur maxZ- 1'6mission de
lumiere A partir dudit dispositif,  45  mum et pour fhurnir auxdits moyens
de calcul un un convertisseur num6rique-analogique        troislime signal
lorsque ledit valour maximum (23) pour g6nerer des signaux analogiques A
nWest pas d6pass6e et un quatrieme signal brs- fournir audit circuit de
contrOle (15) de facon A  quo laditb valeur maximum est d6pass6e. contrOler
l'intbnsite de ladite lumiere 6mise, des moyens (20) pour fhurnir des
signaux   5o num6riques audit convertisseur num6rique-ana- logique
conform6ment A 1intensit6 souhaiteo de laditb lumibre 6miss, et des moyens
de callbrage pour callbrer le- dit systeme de controls et prendre en compto
les  55 variations des parambtres ou de I'6tat op6ration- nel dudit
systeme, caracthris6 en ce quo lesdits moyens de a    


