
EP 0 339 402 B1 Description The present invention relates to light beam
positioning systems and. in particular  to such a system having light beam
position error correction capabilities. 5      A conventional automated
light beam positioning system typically includes a light beam positioner
and a system control computer. The light beam positioner. which typically
includes optical components having movable light-directing surfaces.
receives beam position and velocity command data ("command data") processed
by the system control computer. The optical components nave either
reflective or refractive light- directing properties. The light beam
positioner determines  in response to the command data. the o propagation
path of an incident light beam to direct it to a predetermined position on
a workpiece. To change the path the light beam travels along the workpiece.
the light beam positioner changes. in response to different command data.
the orientations of the movable light-directing surfaces of the optical
components. One example of such a device is a galvanometer beam positioner.
which employs a pair of selectively pivotable mirrors that cooperate in
response to the command data to direct an incident light 15  beam to a
desired position on a target surface. Figs. 1A and 1B are diagrams of a
prior art light beam  positioning system  10 that employs a galvanometer
beam positioner 12 to direct an incident light beam 14 emanating from a
laser source 16 to a desired position on a planar target surface 18. Fig.
IA is a block diagram of the data processing modules for controlling
galvanometer beam  positioner 12. and Fig. 18 is a pictorial diagram  of
the optical 20 components of light beam positioning system 10. With
reference to Figs. 1A and 18  a peripheral storage medium 20. such as a
magnetic disk provides the command data to a system control computer 22.
System control computer 22 typically performs multiple tasks  at least some
of which do not pertain to a light beam positioning operation. The command
data represent "tables" of start and end positions of possible paths and
their associated speeds of light 25 beam travel along the workpiece. System
control computer 22 acquires electrical measurement data and. in response
to such data  selects one of each of the possible paths and speeds for the
light beam. For example. command data for a laser-based resistor trimmer
represents a series of respective start and end positions from which and to
which laser beam 14 moves to carry out a trimming operation on a particular
resistor network with a known pattern. 30     System  control computer 22
delivers the command data to a position data generator 24. which develops
an X position coordinate digital word signal ("X signal") and a Y position
coordinate digital word signal ("Y signal"). The X and Y signals represent
digital words that are converted to DC voltages that are delivered to
different ones of two galvanometer motors (not shown). A galvanometer motor
is a DC motor whose shaft is operatively connected to a mirror for movement
about a pivot axis. Galvanometer beam 35 positioner 12 employs a pair of
separate mirrors 26 and 28 mounted to brackets that are operatively
connected to the galvanometer motors for pivotal movement about
orthogonally aligned pivot axes. Mirrors 26 and 28 receive the incident
laser beam 14 and pivotally move about their respective pivot axes in
response to the X and Y signals to direct beam 14 to a desired position on
target surface 18. Galvanometer beam positioner 12 also includes a lens of
the F-[err] type for focusing beam 14 and a mirror 32 for directing 40 beam
14 toward target surface 18. The pivotal movements of mirrors 26 and 28
describe a generally circular addressable imaging area 33 on target surface
18. One of the problems associated with light beam positioning system 10 is
that the system optical components can cause unit pivotal movements of the
galvanometer mirrors to not result in unit linear movements of laser beam
14 on target surface 18. A primary source of such nonlinear beam movement
is 45  the nonlinear distortion that results whenever the system optical
components inaccurately convert pivotal motion to linear motion. For
example. whenever it is positioned off the optic axis  galvanometer mirror
26 misdirects beam 14 as it propagates toward galvanometer mirror 28 and
lens 30. The galvonometer positioning error results in "pincusnion"
distortion  which represents nonequidistant spacing between adjacent
positions near the periphery of target surface 18 as beam 14 moves toward
them in response to so corresponding unit angular displacements of
galvanometer mirrors 26 and 28. Fig. 2 is a map of an exemplary addressable
field 34 showing the light beam grid pattern described on target surface !8
by unit angular displacements of galvanometer mirrors 26 and 28 in response
to unit changes in command data position values. For purposes of the
following description. galvanometer mirrors 26 and 28 pivotally move about
the X and Y axes. respectively. Fig. 2 shows that addressable field 34 of 



55 target surface 18 is of pincushion shape with equidistant spacing of 2.5
mm between adjacent positions in the vicinity of the center 36 of the
target surface, an outwardly directed contour with a "keystone" shape at
the periphery portions 40 in the X direction. and an inwardly directed
contour at the periphery portions 38 in the Y direction. The resulting beam
positioning nonlineanty is typically a few percent near the periphery of 2
EP 0 339 402 B1 the target surface. There are several techniques employed
in an attempt to, deal with the nonlinear beam positioning introduced by
the galvanometer beam positioner optical components. One technique is
simply to ignore the problem and tolerate the resulting pincushion
distortion. A second technique entails visual feedback in 5  which an
operator uses a joystick manually to position the laser beam at the desired
start position. This technique suffers from the obvious disadvantage of
being labor intensive and does not correct the problem of positioning
nonlinearity that occurs as the laser beam moves from a start position near
the periphery of the target surface. The use of visual feedback to direct
the laser beam in the correct start position cannot therefore. result in
straight line beam positioning along the target surface. 70     A third
technique for correcting beam positioning errors entails correcting the
command data processed by system control computer 22. This is accomplished
by providing in the system control computer 22 a calibration map in the
form of a look-up table having correction data corresponding to the desired
target surface positions to which the command data correspond. System
control computer 22 uses the correction data to modify the command data to
eliminate beam position errors. This error correction technique is 75
disadvantageous because software files located in system control  computer
22 must be changed each time a different beam positioner 12 is used in
conjunction with system control computer 22. Another disadvan- tage is that
the system control computer response time to a change in command data is
inherently long because system control computer 22 performs many other
unrelated tasks that are assigned priorities. The desired change in beam
position may take place. therefore  after significant time has elapsed from
the 20  receipt of command data. A fourth technique for correcting
positioning errors, described by Takahashi in Patent Abstracts of Japan,
Vol. 8. No. 80 (M-289)[1517] JP-A-58 224 088 (12 April 1984). involves the
use of a closed loop control system. After traversing the beam positioner,
the light beam is split into two parts: one part striking the target
surface and a second part striking a two dimensional self-scanning
photoelectric transducer. The 25  photoelectric transducer provides real
time feedback about the positioning of the light beam to a system
controller and driver to allow correction of the light beam position. An
object of the invention is. therefore  to provide a beam position error
correcting light beam positioning system. Another object of the invention
is to provide such a system that performs beam position error correction 30
in real time. A further object of the invention is to provide such a system
that does not necessitate changes in system control computer software files
with the use of different light beam positioners. Still another object of
the invention is to provide a computer-controlled light beam positioning
system that has good beam positioning linearity properties over the entire
addressable imaging area of a target 35  surface. Yet another object of the
invention is to provide such a system that employs a galvanometer light
beam positioner. The present invention is described only by way of example
with reference to a laser-based resistor trimmer system that employs a
galvanometer laser beam positioner. The invention corrects in real time 40
positioning errors of a galvanometer laser beam positioner and  therefore,
has the capability of generating accurately positioned straight lines at
programmed velocities between any two points on a target surface. The
invention employs an error correction processor that receives the X signal
and the Y signal produced by a conventional position data generator and
develops a compensated X digital word signal ("[err] signal") and a
compensated Y digital word signal ("[err] signal"), respectively, for
delivery to the galvanom- 45  eter beam  positioner. The use of the error
correction processor in association with the position data 



generator and the galvanometer beam positioner allows the use of common
trim position data files in the system control computer in systems capable
of using different light beam positioners. A facility having multiple
computer-controlled beam positioning systems implemented in accordance with
the invention is, therefore. capable of processing the same resistor
network workpiece on different beam  positioning 50 systems having the same
command data in the system control computer. The error correction processor
performs the correction steps in real time, thereby providing the [err] and
[err] signals in less time than the response time of the pivotally movable
galvanometer mirrors of the light beam positioner. The error correction
processor can be adapted for use in different laser trimming systems of the
same model type simply by loading the error correction processor with the
pertinent correction 55  factors for the particular light beam positioner
in use. Such flexibility is achievable with no changes to the software
files in the system control computer. Additional objects and advantages of
the present invention will be apparent from the detailed descrip- tion of a
preferred embodiment thereof, which proceeds with reference to the
accompanying drawings. 3    EP 0 339 402 B1 Figs. lA and 1B are respective
block and pictorial diagrams of a prior art computer-controlled beam
positioning system. Fig. 2 is a map of an exemplary addressable field
having  the beam position pincushion distortion inherent in an error
uncompensated prior art galvanometer beam positioning system of the type
shown in 5  Figs. 1 A and 1 B. Fig. 3 is  a block diagram of a
computer-controlled light beam positioning system with beam position error
correction in accordance with the present invention. Fig. 4 is a flow
diagram  of the calibration processing steps carried out to derive field
correction coefficients of the polynomial terms representing the [err] and
Y, signals. Fig. 5 is a diagram  showing the locations of thirteen
calibration points used in deriving the field correction coefficients in
accordance with the flow diagram of Fig. 4. Fig. 6A shows pincushion
distortion in the X-direction only of an addressable field pattern of the
character shown in Fig. 2. and Figs. 6B and 6C represent the wedge shape
component and parabolic shape component, respectively, that can be
superimposed to form the addressable field pattern of Fig. 6A. 15    Fig. 7
is a simplified block diagram of the error correction processor implemented
in the system of Fig. Fig. 8 is a map of an exemplary addressable field
showing the effect of the position error correction techniques of the
invention in eliminating beam position pincushion distortion. Fig. 3 is a
block diagram of a computer-controlled light beam positioning system 50
with beam position 20  error correction in accordance with the present
invention. Beam positioning system 50 is described herein only by way of
example as having a galvanometer laser beam positioner 12 of the type
typically employed in resistor trimming systems. Beam positioning system 50
is capable of correcting laser beam positioning errors introduced by
different galvanometer laser beam positioners  12 of the same model type.
This can be accomplished by providing to an error correction processor 52 a
set of correction coefficients that 25  characterize the light directing
properties of the specific galvanometer beam positioner employed in the
beam positioning system.  Beam positioning system 50 is capable of
correcting for errors resulting from 1) nonlinear distortion caused by
mirror pivotal motion and lens  characteristics. 2) alignment errors caused
by a deviation from the orthogonal relationship of the X-Y coordinate axes.
3) scale factor and origin deviation errors for the X-axis and Y-axis  and
4) rotational misalignment of the imaging field with respect to the target
30  surface 18. In a preferred embodiment, target surface 18 is planar and
represents the working surface of any laser-based micromachining device.
With reference to Fig. 3, beam positioning system 50 differs in part from
the prior art beam positioning. system  10 in that the former includes an
error correction processor 52 that is positioned between position data
generator 24 and galvanometer beam  positioner 12. Error correction
processor 52 executes a 35 correction formula the  results of which are
inscribed in a memory to calculate the Xc and [err] signals for delivery to
galvanometer beam positioner 12. The error correction processor 52 performs
the corrections in real time during the laser trimming operation. Error
correction processing is performed at least as quickly as 



the response time of the galvanometer mirror that is driven. Corrections to
the command data are implemented in software whose processing steps
manipulate the 40  terms in predetermined equations representing  the [err]
and [err] signals. These equations correct for position errors in each of
the X- and Y-axes for each command data point. The equations are matched to
a particular beam positioner 12 by means of a calibration process that
generates a specific set of field correction coefficients ("coefficients")
for the terms in the equaions. The calibration process that generates the
coefficients is executed only as required to compensate for 45   long term
system drift or changes resulting from adjustment or repair. The
coefficients are stored in a calibration data file 54 that is used in data
communication with system control computer 22 and are delivered by way of a
data bus 56 to error correction processor 52 each time electrical power is
applied to beam positioning system 50. The contents of calibration data
file 54 are identified by the serial number of the particular beam
positioning system 50 to ensure that the   correct set of coefficients is
associated with 50  the galvanometer beam positioner 12 employed in such
system. It will be appreciated that the coefficients could also be stored
in a nonvolatile memory in direct data communication with error correction
processor 52. Error correction processor 52 receives the X and Y signals
representing a command data point and performs the pertinent mathematical
operations to calculate the [err] and [err] signals in accordance with the
55  following transform equations: [err] 4    EP 0 339 402 B1 accomplished
by performing a third order polynomial least-squares curve fit to the
variables [err] and [err]. [err]  and [err] : [err] and [err]  and [err]
and [err] and [err]. The coefficients derived from the least-squares curve
fit are such that the zero order coefficient becomes A2 which is equivalent
to the Y-axis offset: the first order coefficient becomes [err] which is
equivalent to  the Y-axis scale factor the second order 5  coefficient
becomes [err] and the third order coefficient becomes D2. It will be
appreciated that the zero order coefficient  which represents Y-axis
offset, should equal the dependent variable DY7. A difference between [err]
and [err] of greater than about five galvanometer motor increments could be
indicative of questionable data. Substep 64e indicates the derivation of
the [err] and F: coefficients. This derivation is accomplished by 10
solving the Y, transform equation as a function of the X terms in  it. The
[err] and [err] coefficients are derived from the five calibration points
located along the horizontal or Y=0 axis by performing a second order
polynomial least-squares fit to the variables [err] and [err], [err] and
[err] [err] and [err] [err] and [err] and [err] and [err]. The coefficients
derived from the second order polynomial least-squares curve fit are such
that the zero order coefficient is unused except for error checking
purposes. The first order coefficient becomes 15  [err] and the second
order coefficient becomes [err]. It will be appreciated that the zero order
coefficient should be approximately equal to [err] and the A2 coefficient.
The difference between the otherwise unused zero order coefficient and A2
(or [err] of greater than about five galvanometer motor increments again
could be indicative of questionable data. Substep 64f indicates the
computation of the G2 and H2 coefficients. The G2 and H2 coefficients are -
20  derived directly from six of the measured values in accordance with the
following equations: 25   [err] where, [err] and [err] are nominally
positive numbers approximately equal to the vertical width of the data
field. The [err] and [err] coefficients can be computed from the above
expressions for [err] [err and [err] as follows: 30         [err] The G2
coefficient can be of positive or negative value, and the magnitude of G2
will be typically less than 1 x [err] The H2 coefficient will always be
negative, and the magnitude of H2 will be typically about 5 x [err]. The
equations for the G2 and H2 coefficients are empirically derived from the
addressable field 35  pattern having pincushion distortion in a manner
analogous to that recited above with reference to Figs. 6A- 6C. It will be
appreciated that substeps 64a-64c and substeps 64d-64f can be performed in
parallel  as the flow diagram in Fig. 5 indicates. 



Process block 66 indicates the normalizing and prescaling of the [err] and
A2-H2 coefficients. These operations are performed because the coefficients
can be either much smaller or much greater than one. A 4O  wide range of
possible coefficient values could cause an overflow condition for higher
order terms because the preferred error correction processor 52 operates in
16-bit-integer mathematics. To prevent such an overflow condition, the
derived coefficients undergo a prescaling process that entails multiplying
each term in the [err] and [err] transform equations by [err] where n
represents the order of the term minus one. This prescaling process is
advantageous in that it prevents the higher order terms from growing 45
beyond 16-bits, scales up the smaller coefficient to a size that is greater
than zero at 16-bits, and tends to keep intermediate products at a size
yielding a maximum  number of significant digits in 16-bit two's complement
format. Table I summarizes the prescaling factors computed for the
coefficients. 50 55 7    EP 0 339 402 B1 where A... B.. C.. D .. E. F . G .
and H. and [err] [err]  and [err] represent the coefficients. The
coefficients are derived from a set of measured data obtained from scans of
the workpiece at thirteen predetermined locations in an addressable field
bounded by a rectangle. 5      Fig, 4 is a flow diagram showing the
calibration processing steps for deriving the coefficients for the [err]
and [err] signals. The calibration process entails six principal processing
steps. which include 1) selecting a regular array of thirteen calibration
points centered in the addressable field. 2) determining the command data
required to position the laser beam precisely at each one of the thirteen
selected calibration points. 3) deriving the sixteen required coefficients
[err] and [err] for the respective transform equations [err] and [err]
[err]  4) normalizing and scaling the derived coefficients to prevent
numeric overflow in a 16-bit integer mathematical operation carried out by
error correction processor 52. 5) adjusting certain ones of the
coefficients to compensate for an inherent divide-by-two operation
performed whenever a multiplication operation is carried out, and 6)
converting the coefficients to fractional binary format. The following
detailed explanation of each of the above six steps is given with reference
to Fig. 4. 15     Process block 60 indicates the selection of the thirteen
calibration points. Each of the calibration points is bounded by a
rectangle whose borders are about 5 percent inside the limits of the
addressable field so that centering errors and aberrations caused by
pincushion distortion do not place any of the calibration points outside
the addressable field. The calibration points are referred to herein as
"independent variables" for substitution into the [err] and [err] equations
and are arranged in thirteen ordered pairs denominated (IX,. 20  IY,)
through [err] , [err] ). For example. [err] and [err] represent the
respective X-coordinate and the Y- coordinate of calibration point 1. Fig.
5 is a diagram showing the locations of the thirteen field calibration
points identified in accordance with the above-described notation. Each
increment of the galvanometer motors for galvanometer mirrors 26 and 28
represents, for example, 0.0025 millimeter movement of the laser beam along
either the X-axis or 25  the Y-axis of the target surface. The size of
incremental movement depends upon the particular im- plementation of
galvanometer beam positioner 12. The galvanometer motor counts are computed
with reference to the center point [err]  of the addressable field. The
thirteen calibration points include five points positioned along the
horizontal (Y = 0) axis, centered on X = 0. and spaced according to the
approximate proportions -10, -6, 0. 6, 10: five points positioned along 30
the vertical (X = 0) axis, centered on Y = 0 and spaced according to the
approximate proportions -10, -6. 0. 6. 10: and four corner points of the
rectangle, which in the preferred embodiment is a square. In particular,
the five points positioned along the horizontal axis include the ordered
pairs [err], [err], [err], [err] , and [err]. The five points positioned
along the vertical axis include the ordered pairs [err] , [err], [err] ,
[err], and [err]. The four corner points of the square include the 35
ordered pairs [err], [err] and [err]. It will be appreciated that the
center point ([err]), is common to the two sets of five points positioned
along the horizontal and vertical axes. Process block 62 indicates the
determination of the X and Y signals required to position laser beam 



precisely at each one of the thirteen calibration points established in the
manner described with reference to process block 60. The measurement can be
accomplished, for example, by means of a scanning routine 40  that locates
a target, which represents any one of the thirteen calibration points. The
targets can be either thirteen target locations on a fixed calibration
plate or a single target location on a plate movable to thirteen different
positions by a step-and-repeat mechanism. The thirteen measured positions
are referred to herein as the "dependent variables" for substitution into
the [err] and [err] transform equations and are denominated [err] through
[err]. For example, [err] and [err] represent the respective X and Y
signals 45  delivered to error correction processor 52 to position the beam
at the center of target 1, which is located at [err]. Process block 64
indicates the derivation of the coefficients  from the independent
variables IX and IY and the dependent variables DX and DY. The process or
deriving all of the coefficients from  the independent and dependent
variables entails six substeps  some of which requiring the use of a
conven- so  tional least-squares curve fitting algorithm. The requirements
of the algorithm are that it 1) be sufficiently accurate to maintain at
least six significant digits of resolution for floating point numbers as
small as 1 x [err] 2) be capable of fitting selectively either a second or
third order curve to five calibration points, and 3) generate the desired
coefficients and a figure of merit indicative of the quality of fit
obtained. The figure of merit is useful for error checking purposes. 55
Substep 64a indicates the derivation of the [err] and [err] coefficients.
This derivation is accomplished by solving the [err] transform equation as
a function of  X. The [err], and [err] coefficients are derived from the
five calibration points located along the horizontal or Y = 0 axis and is
accomplished by performing a third order polynomial least-squares curve fit
to the variables [err] and [err] and [err]. 5    EP 0 339 402 B1 and [err]
and [err] and [err] and [err]. The coefficients derived from the
least-squares curve fit are such that the zero order coefficient becomes A.
which is equivalent to the X-axis offset: the first order coefficient
becomes [err] which is equivalent to the X-axis scale factor; the second
order coefficient becomes [err] and the third order coefficient becomes
[err]. It will be appreciated that the zero order coefficient, which 5
represents the X-axis offset. should equal the dependent variable [err] A
difference between [err] and [err] of greater than about five galvanometer
motor increments could be indicative of questionable data. Substep 64b
indicates the derivation of the [err] and [err]  coefficients. This
derivation is accomplished  by solving the [err] transform equation as a
function of Y. The [err]  and [err] coefficients are derived from the five
calibration points located along the vertical or X=0 axis by performing a
second order polynomial at least- 10  squares fit to the variables [err]
and [err]  and [err] and [err]  and [err] and [err]. The coefficients
derived from the second order polynomial least-squares curve fit are such
that the  zero order coefficient is unused except for error checking
purposes. the first, order coefficient becomes [err] and the second order
coefficient becomes [err]. It will be appreciated that the zero order
coefficient should be approximately equal to [err] and to the [err]
coefficient. The difference between the otherwise unused zero 15  order
coefficient and [err] or [err] of greater than about five galvanometer
motor increments again could be indicative of questionable data. Substep
64c indicates the computation of the [err] and [err] coefficients. The
[err] and [err] coefficients are derived directly from six of the measured
values in accordance with the following equations: [err] where [err] and
[err] are nominally positive numbers approximately, equal to the horizontal
width of the data 25  field. The [err] and Hi coefficients can be computed
from the above expressions for [err] and [err] as follows: 30   [err] The
[err] coefficient can be of positive or negative value, and the magnitude
of G1 will be typically less than 1 x [err] The [err] coefficient will
always be positive  and the magnitude of [err] will be typically about 5 x
The equations for the [err] and [err] coefficients are empirically derived
from the addressable field pattern 35  having pincushion distortion. Fig.
6A represents an enlarged portion of an uncorrected addressable field
pattern of the character shown in Fig. 2. Fig. 6A shows pincushion
distortion only in the X direction. During 



his formulation of the error correction transform equations  one of the
inventors determined that the pattern of Fig. 6A can be represented as the
superposition of a wedge shape component  which is shown in Fig. 6B. and a
parabolic shape component, which is shown in Fig.  6C. Fig. 6 B indicates
that the wedge 40  increases in angular displacement as a function of
distance from the Y-axis, and Fig. 6C indicates that the parabolic
curvature increases as a function of distance from the Y-axis. The term
[err] in the [err] transform equation corrects for the wedge shape shown in
Fig. 6B. The term [err] of the [err] coefficient represents four times the
average X-axis component of the lines extending from the X-axis to points
[err] , and [err]. The division by four in 45 the [err] equation is,
therefore, required to calculate [err]. The [err] coefficient is computed
at the point [err] because it resides in the first quadrant of the
addressable field  but the point ([err]) could also be used. The term [err]
in the [err] transform equation corrects for the parabolic shape  the term
[err] + [err] [err] of the [err] coefficient represents four times the
X-axis component of parabolas at the points [err] [err] and [err]. One of
the parabolas, passes through the points ([err]). 50  [err] and [err] and
the other parabola passes through the set of points [err], [err], and
([err]). The division by four in the [err] equation is. therefore  required
to calculate [err]. The [err] coefficient is computed at the point [err]
because it resides in the first quadrant, but the points [err] , and [err]
could also be used. It will be appreciated that the terms [err] and [err]
nonlinearly 55  increase as the beam position moves away from the Y-axis.
Substep 64d indicates the derivation of the [err], and [err] coefficients.
This derivation is accomplished by solving the [err] transform equation as
a function of the Y terms in it. The [err], and [err] coefficients are
derived from the five calibration points located on the vertical or X= 0
axis and is 6    EP 0 339 402 B1 TABLE 1 COEFFICIENTS    TYPICAL VALUES
MULTIPLIER    TYPICAL RESULTS [err] The typical results  listed in the
rightmost column of Table 1 indicate that after multiplication by the
prescaling factor  each of the coefficients is of manageable size in
fractional binary notation. Process block 68 indicates the adjustment of
certain coefficients to compensate for inherent divide-by- two operation
after a  mutiplication has been carried out. This step is necessary because
a problem exists in the organization of the Model TMC 2010 multiplier
accumulator  integrated circuit manufactured by TRW, lnc.  and employed
in the  preferred embodiment. This integrated circuit provides the result
of a multiplication accumulation  operation as two separate 16-bit words.
Since this integrated circuit is chosen to operate in the fractional two's
complement round mode. two 15-bit plus  one sign bit numbers provide a 30-
bit product and a sign bit. The lower order 16-bit output represents the
lower 16 bits of the result  and the upper 16-bit output represents the
upper fourteen bits of the result. The sign bit is provided as part of a 25
separate 3-bit word. The effect of this bit arrangement is that. whenever
the higher order 16-bit outputs are used, two  15-bit plus one sign bit
numbers are multiplied to provide a 14-bit plus one sign bit output. A
consequence of this arrangement is that the one significant bit of
resolution is lost each time a product is provided or fed back to an input.
This loss of data is fatal to accuracy. The problem could be avoided if it
were possible to use the most significan bit   (MSB) of the lower 16 bits
in conjunction with the 14 bits from the upper    6 bits. Unfortunately,
this cannot be done when the "round" option is selected for the multiplier
1-because the "round" option always adds a logic 1 to the MSB of the lower
16 bits. A solution to the problem is to use the higher order 15-bits (1
bit and one sign bit) and thereby cause an implicit divide-by-two operation
on the output This can be compensated for by pre-muitiplying by two one of
the factors one time for each multiplication operation needed to develop
the term. In the preferred embodiment, this pre-multiplication is performed
on the coefficients, provided that they remain less than one after
pre-multiplication. The [err] and [err] coefficients are typically greater
than one. The [err] and [err] coefficients are used as integer numbers and
therefore do not suffer from the requirement that they be less than one.
The [err] and [err] coefficients have a typical magnitude  of about one.
The pre-multiplication 



factor  for the [err] and [err] coefficients is two: therefore. the
magnitudes of the [err] and B2 coefficients are about two. Ensuring a value
of less than one is accomplished by  dividing the pre-multiplied [err] and
[err] 40 coefficients by three and performing the [err]x X and [err] x X
operations three times each.  Manipulating the [err] and [err] coefficients
in this manner accommodates unscaled values of such coefficients of up to
1.5. Another instance in which an implicit divide-by-two operation is
carried out occurs whenever error correction processor 52 recalls a
previous  result from a "scratch pad memory" and multiplies the result by
one to deliver it to the accumulator. To compensate for the divide-by-two
effect, it is necessary to recall the 45   result from scratch pad memory
twice. 'multiply -the result by one each time, and add the result to the
accumulator  contents. Table II shows the pre-multiplication factors
computed for each of the [err] and [err] coefficients. It will be
appreciated that the pre-multiplication  process and the normalization and
pre-scaling process described with reference to process blocks 66 and 68
may be combined and performed in one operation. 50.. 55 8    EP 0 339-402
B1 TABLE II COEFFICIENTS    TYPICAL VALUES   MULTIPLIER    TYPICAL RESULTS
[err] Process block 70 indicates the conversion of the coefficients from
fractional binary format to a binary integer format. The coefficients
produced in accordance with the processes described with reference to
process blocks 66 and 68 are numbers that will be interpreted as fractional
binary numbers by the multiplier accumulator but need to be presented as
binary integers for storage in the error correction processor memory. This
is not true  however  for the [err] and A2 coefficients because they are
directly stored as two's complement integers. The conversion of the [err]
and [err] coefficients to binary integer 20 format entails multiplying the
selected coefficient by 32768. rounding the result to the nearest whole
number  and storing the number as a two's complement integer in 16-bits.
Fig. 7 is a simplified block diagram of error correction processor 52. With
reference to Fig. 7. error correction processor 52 receives the X and Y
signals in the form of 16-parallel bit digital words transmitted by way of
an X input latch 82 and a Y input latch 84. respectively. The X signal data
and Y signal data are stored in the respective input latches 82 and 84 at
the appropriate times by a latch and output control signal provided on an
output conductor 86 of a sequence controller 88. Sequence controller 88
develops the clock and timing signals in the proper sequence to coordinate
and control the various functions of processor 52 to compute and accumulate
the terms of the [err] and [err] transform equations. A random access
memory (RAM) 90 stores the coefficients carried by data bus  56 from
calibration data file 54 through system control computer 22 (Fig. 3). The
coefficients are read into and read out of RAM 90 in response to a
read/write control signal produced on output 92 of sequence controller 88
and an 8-parallel bit address word carried from sequence controller 88 by
an address bus 93. The calibration data read out of RAM 90 appear on its
output conductors and are delivered on an internal processor bus 94 to the
"R" input of a multiplier/accumulator 98. Multiplier/accumulator 98
receives on its "S" input the X and Y signal data provided at different
times on the outputs of the respective input latches 82 and 84.
Multiplier/accumulator 98 operates in response to the arithmetic function
control signals provided on outputs 100 of sequence controller 88 to
multiply the data applied to the "R" and "S" inputs and to store the
product in an internal "scratch pad" memory. The result of the, arithmetic
operations of multiplier/accumulator 98 appears on its "P" output, which is
connected to processor bus 94. The "P" output and "R" input of
multiplier/accumulator 98 are connected to provide an accumulator feedback
path. Processor bus 94 and the outputs of input latches 82 and 84 are
connected to different inputs of a tri- state two-way switch 102. Tri-state
switch 102 functions in response to a two-way switch control signal
produced on output 104 of controller 88 to deliver during calibration raw X
and Y position signal data from 



input latches 82 and 84 to output latches 106 and 108  respectively.
Sequence controller 88 provides on its outputs 86, 92, 100, and 104 control
signals in the proper time sequence to deliver the X and Y signal data and
coefficients to multiplier/accumulator 98 and to control its mathematical
operations so that it can perform the multiplication and addition functions
necessary to synthesize the [err] and [err] transform equations. For
example. sequence controller 88 develops the necessary signals to deliver
the [err] coefficient from RAM 90 and the X signal information from input
latch 82 to the respective "R" and "S" inputs of multiplier/accumulator 98
which multiplies them and holds the product. Sequence controller 88 next
develops the necessary control signals to deliver the A, coefficient from
RAM 90 to the "R" input of multiplier/accumulator 98, which adds [err] to
the previously computed product  [err] x X. Error correction processor 52
has a scratch pad memory that forms a part of RAM 90. The manner in which
the expansion of the terms of the transform equations is performed and the
architecture of error correction processor 52 require that the scratch pad
memory store only one intermediate value computed during the expansion.
Error correction processor 52 can be configured. however, to store more
than one intermediate value. if necessary. All other values are stored in
the accumulator. 9    EP 0 339 402 B1 The synthesis of the [err] transform
equation proceeds on each term of the polynomial in an analogous manner
until each of the A-H coefficients has been read out of RAM 90,and all of
the required algebraic operations have been carried out in accordance with
the [err] transform equation. The processing order of the terms during such
synthesis is that which is most efficient without overflowing the value
limits of 5  multiplier accumulator 98. The synthesis of the [err]
transform  equation is similarly carried out in an analogous manner. The
computed results appearing on the "P" output of multiplieraccumulator 98
are delivered to the inputs of the respective [err] output latch 108 and
[err] output latch 106. which store the [err] and [err] signals in response
to  a store signal  provided on output 110 of sequence controller 88. The
[err] and [err] signals 10   appearing on the outputs of the respective
output latches 106  and 108 are applied to  the inputs of galvanometer beam
positioner 12 (Fig. 3). which directs laser beam 14 to the commanded
position on target surface 18. Fig. 8 is a map of an exemplary addressable
field 120 showing the light beam grid pattern described on target surface
18 by unit angular displacements of galvanometer  mirrors 26 and 28 in
response to unit 15  changes in command data position values. Fig. 8 shows
that the addressable field 120 of target surface 18 exhibits equidistant
spacing of 2.5 mm between adjacent positions over virtually the entire
addressable field. This is  in contrast to addressable field 34 (Fig. 2)
produced in accordance with the prior art. The operation of error
correction processor 52 eliminates, therefore. the pincushion distortion
and thereby eliminates the beam positioning nonlinearity that is
characteristic of prior art light beam positioning systems. 20     It will
be obvious to those having skill in the art that many changes may be  made
in the above- described details of the preferred embodiment of the present
invention without departing from  the underlying principles thereof. The
scope of the invention should.' therefore  be determined only with
reference to the following claims. 25  Claims 1. A light beam position
error correction system (50) comprising: beam positioning means (12) for
receiving a light beam (14) from light source means (16), said positioning
means (12) being arranged to direct the light beam  (4) towards a position
on a target 30      surface (18); position data generating means (24)
receiving from a system control computer (22) beam position command data
corresponding to a preselected  position on said target surface (18)  to
generate position coordinate signals to direct said light beam (14) to the
preselected position on said target surface (18), characterized by; 35
calibration data file means (54) for selectively delivering calibration
data relative of light beam positioning errors of said beam positioning
means (12); and error correction processing means (52) receiving said
position coordinate signals from said position 



*   data generating means (24) and receiving calibration data from said
calibration data file means (54) to develop compensated position coordinate
signals corrected for light beam positioning errors introduced 40      by
said beam positioning means (12) and delivering said compensated position
control signals to said beam positioning means (12) so that said beam
positioning means (12) directs the light beam (14) to the preselected
position on the target surface (18). 2. The system of claim 1 in which the
compensated position coordinate signals comprise an [err] signal and 45
a [err] signal and in which the beam  positioning means (12) comprises a
pair of first and second independently movable light reflecting surfaces
(26. 28) that receive the light beam, the first and second light reflecting
surfaces (26, 28) receive the [err] and [err] signals to move the light
beam (14) in respective first and second orthogonal directions along the
target surface (18) to position the light beam (14) at the preselected
position. 3. The system of claim 2 in which the beam positioning means
further comprises a lens (30). 4.  The system of claim 3 in which the lens
(30) is of the F-[err] type. 55  5. The system of claim 1 in which the
light source means (16) comprises a laser. 6. The system of claim 1 in
which the position coordinate/signals comprise an X signal and a Y signal
that indicate the instantaneous commanded position of the light beam(14),
and the compensated position 10    EP 0 339 402 B1 coordinate signals
include an [err] signal and a [err] signal. the [err] signal being a
function of polynomial B.X + C.X - + D.X + E.Y + F.Y-+G.XY + H.XY- 5
and the [err] position signal being a function of the polynomial [err]
where [err] and [err] represent field correction coefficients 10     of
constant values that correspond to the light directing optical properties
of the beam  positioning means ( 12). 7. The system of claim 6 in which the
term [err] is added to the polynomial of which [err] is a function and the
term A2 is added to the polynomial of which [err] is a function  the [err]
and A2 terms representing 15     respective X- and Y-axis offsets in an X-Y
coordinate system. 8. The system of claim 1 in which the position
coordinate signals comprise an X signal and a Y. signal that indicate the
instantaneous commanded position of the light beam (14). and the
compensated position coordinate signals include an [err] signal and a [err]
signal, the [err] and [err] signals being proportional to 20
polynomials that include the respective terms GXY and G2YX to correct
position errors resulting from wedge angle distortion and the respective
terms [err] and [err] to correct for position errors resulting from
parabolic curvature distortion. 9. The system of claim 1. further
comprising calibration data generating means to develop the previously 25
acquired calibration data at system initialization by determining an actual
beam position on the target surface (18) and the corresponding position
coordinate signals. 10. A method of positioning a light beam (14),
comprising: providing beam position command data from a system computer
(22), the beam position command 30     data corresponding to an intended
position to which a light beam (14) is to be directed on a target surface
(18); converting the beam position command data into position coordinate
signals that correspond to the intended position on the target surface (18)
so that the position signals can be used by a beam positioner (12),
characterized by; 35         acquiring calibration data that are
characteristic of the optical properties of a light beam positioning system
(12) such that the acquisition of the calibration data includes selecting
an array of calibration points in an addressable field of a target surface
(18)  scanning the field until the light beam (14) strikes each one of the
calibration points, and determining the position coordinate signals
required to position the light beam (14) at the calibration points; 40
storing said calibration data in a calibration data file means (54); using
the stored calibration data to transform the beam position command data
into compensated 



position coordinate signals: and providing the compensated position
coordinate signals to a beam positioner (12) to direct the light beam (14)
to the intended position on the target surface (18). 45 11. The method of
claim 10. in which the compensated position coordinate signals comprise an
[err] signal and a [err] signal and in which the beam  positioner (12)
comprises a pair of first and second independently movable light reflecting
surfaces (26, 28) that receive the light beam (14), the first and second
light reflecting surfaces (26, 28) receiving the [err] and [err] signals to
move the light beam (14) in so     respective first and second orthogonal
directions along the target surface (18) to position the light beam (14) at
the intended position. 12. The method of claim 10  in which the light beam
(14) is generated from a laser source (16) and in which the beam position
command data is obtained from read only memory. 55 Patentanspruche 1.
Lichtstrahipositionsfehler-Korrektursystem 150), welches umfa[err]t:    EP
0 339 402 Bl - eine Strahlpositioniereinrichtung (12).zum Emptangen, eines
Lichtstrahls (14) von einer Lichtquel- Ieneinrichtung. (16). wobei die
Positioniereinrichtung. (12) so angeordnet ist. dag sie den Lichtstrahl
(14) zu eimer Stelleauf einer Zieloberflache-(.18) fenkt; - eine
Positionsdaten-Erzeugungseinrichtung (24). welche von einem
Systemsteuercomputer (22) .5          Strahipositions-Befehlsdaten
empfangt. die einer vorgewahIten Stelle auf der Zieloberflache (18)
entsprechen. zum: Erzeugen von Positionsko ordinatensignalen. um den
Lichtstrahl (14) zu der vorgewihiten stelle auf der Zieloberfiache .(18).
zu. lenken. gekennzeichnet durch - eine Kalibrierdaten-Fileeinrnchtung (54)
zur selektiven Abgabe von Kalibrierdaten bezUglich von 10
Lichtstrahipositionierfehlern der Strahipositioniereinrichtung (12) und -
eineri Fehlerkorrektur-Prozessor  (52). ,welcher "die..
Positionskoordinatensignale  von  der Positionsdaten-Erzeugungseinrichtung
(24) und Kalibrierdaten von der Kalibrierdaten-Fileeinrich- tung (54)
empfangt. um kompensierte Positionskoordinatensignale zu erzeugen. die
bezUglich der Lichtstrahlpositionierfehler korrigiert sind.,die durch die
StrahIpositioniereinrichtung (12) erzeugt t5         , werden. und welcher
kompensierte Positionssteuersignale an die Strahipositioniereinrichtung
(12) abgibt. so daB die Strahipositioniereinrichtung (12) den
Lichtstrahl.(14) zu der vorgewAhIten Stelle auf der Zieloberfibche (18)
lenkt. 2. 'System nach Anspruch 1. bei welchem die kompensierten
Positionskoordinatensignale ein X,-Signal ,vg  20  und ein Y,- Signal
umfassen und bei dem die Strahipositioniereinrichtung (12) ein Paar aus
ersten und zweiten unabhangig voneinander beweglichen lichtreflektierenden
Fl5chen (26. 28) umfalt. welche den Lichtstrahl empfangen. und die ersten
und zweiten lichtreflektierenden Flachen (26. 28) die X, und Y,- Signale
empfangen. um den Lichtstrahl (14) in entsprechenden ersten und zweiten
orthogonalen Richtungen auf der ZieloberflAche (18) zu bewegen. um den
Lichtstrahl (14) an der vorgewahiten Stelle 25     zu positionieren. 3.
System nach Anspruch 2. bei welchem die Strahipositioniereinrichtung
weiterhin eine Linse (30) enthalt. 4. System nach, An spruch 3. bei welchem
die Linse (30) yon F-4-Typ ist. 30 '5. System nach Anspruch 1. bei welchem
die Lichtquelle (16) einen Laser umfalt. 6. System nach Anspruch 1, bei
welchem die Positionskoordinatensignale ein X-Signal und ein Y-Signal
umfassen ,welche die momentane befohlene Position des Laserstrahls (14)
angeben. und die kompen- 35     sierten Positionskoordinatensignale ein
[err] und ein [err]-Signal umfassen  wobei'das Xe-Signal eine Funktion des
Polynoms [err] 40     ist und das [err]-Positionssignal eine Funktion des
Polynoms [err] 



ist. wobei [err] und [err] Feldkorrekturkoeffizienten mit 45     konstantem
Wert darstellen, welche den optischen  Lichtlenkeigenschaften der
Strahlpositioniereinrich- tung (12) entsprechen. 7. System nach Anspruch 6.
bei welchem der Term A, zu dem Polynom addiert wird, von welchem X, eine
Funktion ist. und der Term A2 zu dem Polynom addiert; wird. von welchem
[err] eine Funktion ist. 50     wobei die [err] und [err]-Terme den
jeweiligen Versatz der X- bzw. Y-Achse in einem X-Y-Koordinatensy- stem
darstellen. 8. System, nach Anspruch. 1. bei welchem die
Positionskoordinatensignale ein X-Signal und eine Y-Signal umfassen, welche
die momentane befohlene Position des Lichtstrahls (14) angeben. und die
kompen- 55     sierten Positionskoordinatensignale ein [err]-Signal und ein
[err] umfassen, wobei die [err] und [err] Signale proportional zu Polynomen
sind. die den Term  [err] XY bzw. G2YX zum  Korrigieren der Positionsfehler
die aus der Keilwinkel-Verzerrung, herruhren. und den Term [err] bzw. [err]
zum Korrigieren der Positionsfehler  die aus einer Parabelkurven-Verzerrung
herruhren. enthalten. 12    EP 0 339 402 B1 9. System nach Anspruch 1.
welches weiterhin eine Kalibrierdaten-Erzeugungseinrichtungenthalt um die
vorher gewonnenen Kalibrierdaten bei der Systeminitialisierung zu erzeugen.
indem eine tatsachliche Strahiposition auf der Zieloberflache (18) und die
zugehorigen Positionskoordinatensignaie bestimmt werden. 5 10. Verfahren
zum Positionieren eines Lichtstrahls (14), welches umfa[err]t: -
Bereitstellen von Strahlpositions-Befehisdaten aus einem Systemcomputer
(22). wobei die Strahipositions-Befehisdaten einer angestrebten Position
entsprechen, zu welcher ein Lichtstrahl (14) auf einer Zieloberflache (18)
gelenkt werden soil 10       - Konvertieren der
Strahlpositions-Befehisdaten in Positionskoordinatensignale  die der
angestreb- ten Position auf der Zieloberflfche (18) entsprechen. so daB die
Positionssignale von einem Strahlpositionierer (12) verwendet werden
konnen. gekennzeichnet durch - Ermittein von Kalibrierdaten, die
charakteristisch fur die optischen Eigenschaften eines Lichtstrahl-
positioniersystems (12) sind, derart  da[err] das Ermitteln der
Kalibrierdaten das Auswahlen einer Gruppe von Kalibrierpunkten in einem
ansteuerbaren Feld einer Zieloberflache (18), das Abtasten des Feldes, bis
der Lichtstrahl (14) jeden Kalibrierpunkt trifft, und das Bestimmen der
Positionsko- ordinatensignale. die erforderlich sind, um den Lichtstrahl
(14) an den Kalibrierpunkten zu positionieren. umfa[err]t, 20        -
Speichern der Kalibrierdaten in einer Kalibrierdaten-Fileeinrichtung (54)
Verwenden der gespeicherten Kalibrierdaten. urn die
Strahlpositions-Befehlsdaten in kompensier- te Positionskoordinatensignale
umzuwandeln, und - Abgeben der kompensierten Positionskoordinatensignale an
einen Strahlpositionierer (12). um den Lichtstrahl (14) zu der
beabsichtigten Position auf der Zieloberflache (18) zu lenken. 25 11.
Verfahren nach Anspruch 10. bei dem die kompensierten
Positionskoordinatensignale ein [err]-Signal und ein [err]-Signal umfassen
und bei dern der Strahlpositionierer (12) ein Paar aus ersten und zweiten
unabhangig  voneinander beweglichen lichtreflektierenden Flachen (26. 28)
umfa[err]t, welche den Lich- strahl (14) empfangen, wobei die ersten und
zweiten lichtreflektierenden Flachen (26. 28) die [err] und 30
[err]-Signale empfangen, um den Lichtstrahl (14) in entsprechende erste und
zweite orthogonale Richtun- gen auf der Zieloberfliche (18) zu bewegen, urn
den Lichtstrahl (14) an der beabsichtigten Stelle zu positionieren. 12.
Verfahren nach Anspruch 10  bei dem der Lichtstrahl (14) durch eine
Laserquelle (16) erzeugt wird und 35     bei dem die
Strahlposibons-Befehisdaten von einern ROM gelietert werden. Revendlcatlons
1. Un systeme de correction d'erreur de position de faisceau lumineux (50)
comprenant: 



40         un moyen de positionnement de faisceau (12) pour recevoir un
faisceau lumineux (14) depuis un moyen de source lumineuse (16), ledit
moyen de positionnement (12) etant dispose pour diriger le faisceau
lumineux (14) vers une position sur une surface de cible (18); un moyen de
generation de donnees de position (24) recevant d'un ordinateur de contr6le
de systbme (22) des donnees de commande de position de faisceau
correspondant a une position 45     preselectionnee sur ladite surface de
cible (18) pour generer des signaux de coordonnees de position pour diriger
ledit faisceau lumineux (14) vers la position preselectionnee sur ladite
surface de cible (18), caracterise par: un moyen de fichier de donnres
d'etalonnage (54) pour delivrer selectivement des donnees d'etalonnage
relatives aux erreurs de positionnement du faisceau lumineux dudit moyen de
positionne- so     ment de faisceau (12); et un moyen de traitement de
correction d'erreur (52) recevant lesdits signaux de coordonnees de
position depuis ledit moyen de generation de donnees de position (24) et
recevant des donnees d'etalonnage depuis ledit moyen de fichier de donnees
d'etalonnage (54) pour developper des signaux de coordonnees de position
compensee corriges pour les erreurs de positionnement de faisceau 55
lumineux introduites par ledit moyen de positionnement de faisceau (12) et
delivrant lesdits signaux de controle de position compensee audit moyen de
positionnement de faisceau (12), de telle sorte que ledit moyen de
positionnement de faisceau (12) dirige le faisceau lumineux (14) vers la
position preselectionnee sur la surface de cible (18). 13    EP 0 339 402
B1 2.- Le systeme de la revendication 1. dans lequel les signaux de
coordonnees de position compensee comprennent un signal [err] et un signal
[err] et dans lequel le moyen  de positionnement de faisceau (12) comprend
une paire de premiere et seconde surfaces reflechissant la lumire
deplacables indepen- damment (26, 28) qui recoivent le faisceau lumineux,
les premiere et seconde surfaces reflechissant la 5.    lumiere (26, 28)
recoivent les signaux [err] et [err] pour deplacer,le faisceau lumineux
(14) dans des premiere et seconde directions orthogonales respectives le
long de la surface de cible (18) pour positionner le faisceau lumineux (14)
a la position preselectionnee. 3. Le systeme de la revendication 2. dans
lequel le moyen de positionnement de faisceau comprend en 10     outre une
lentille (30). 4. Le systeme de la revendication 3, dans lequel la lentille
(30) est du type F-e. 5. Le systeme de la revendication 1. dans lequel le
moyen de source, lurnineuse (16) comprenid un laser. 6.  Le systeme de la
revendication 1 dans lequel les signaux do coordonnees de position
comprennent un signal X et un signal Y qui indiquent la position commandde
instantanee du faisceau lumineux (14)  et les signaux de coordonnees de
position compensee incluent un signal [err], et un signal [err], le signal
[err] etant une  fonction du polynome: 20 et le signal de position [err],
etant une fonction du polynome: [err] correction de champ de valeurs
constantes qui correspondent aux proprietes optiques de direction de la
lumibre du moyen de positionnement de faisceau (12). 30 7. Le systeme de la
revendication 6. dans lequel le terme A, est ajoute au polynome duquel [err
est une fonction et le terme [err] est ajoute au polynome duquel [err] est
une fonction, les termes [err] et A2 representant des decalages
respectivement d'axes X et Y dans un systeme de coordonnees X-Y. 35  8. Le
systeme de la revendication 1, dans lequel les signaux de coordonnees de
position comprennent un signal X et un signal Y qui indiquent la position
commandee instantanee du faisceau lumineux (14), et les signaux de
coordonnees de position compensee incluent un signal [err], et un signal
[err] les signaux [err] et Y, etant proportionnels a des polynomes qui
incluent les termes respectifs [err] et G2XY pour corriger des erreurs de
position resultant de distorsion d'angle de coin et les termes respectifs
[err] XY2 40     et [err] pour corriger des erreurs de position resultant
de distorsion de courbure parabolique. 



9. Le systeme de la revendication 1, comprenant en outre un  moyen de
generation de donnees d'etalonnage pour. developper les donnees
d'dtalonnage precedemment acquises a 1'initialisation du systeme en
determinant une position de faisceau reelle sur la surface cible (18) et
les signaux de 45     coordonnees de position correspondant. 10. Un procede
de positionnement d'un faisceau lumineux (14), comprenant: la fourniture
des donnees de commando de position de faisceau a partir d'un ordinateur de
systeme (22), les donnees de commande de position de faisceau
correspondant [err] une position desiree 50     vers laquelle un faisceau
lumineux (14) doit etre dirige sur une surface de cible (18); 1a conversion
des donnees de commando de position de faisceau en des signaux de
coordonnees de position qui correspondent a la position desiree sur la
surface de cible (18), de telle sorte que les signaux de position peuvent
etre utilises par un element de positionnement de faisceau (12)  caracteri-
se par: 55         1'acquisition des donnoes d'etalonnage qui sont
caracteristiques des proprietes optiques d'un systeme de positionnement de
faisceau lumineux (12), telle que l'acquisition des donnoes d'etalonnage
inclut le choix d'un ensemble de points d'etalonnage dans un domaine
accessible d'une surface de cible (18). le balayage du domaine jusqu'a ce
que le faisceau lumineux (14) rencontre chacun des 14    EP 0 339 402 B1
points d'etalonnage. et la determination des signaux de coordonnees de
position requis pour position- ner le faisceau lumineux (14) aux points
d'etalonnage: le stockage desdites donnees d'talonnage dans un moyen de
fichier de donnees d'etalonnage (54); 5          l'utilisation des donnees
d'etalonnage stockees pour transformer les donnees de commande de position
de faisceau en des signaux de coordonnees de position compensee : et la
fourniture des signaux de coordonnees de position compensee a un element de
positionnement de faisceau (12) pour diriger le faisceau lumineux (14) vers
la position desiree sur la surface de cible (18). 10 11. Le procede de la
revendication 10. dans lequel les signaux de coordonnees de position
compensde comprennent un signal [err] et un signal [err] et dans lequel
1'element de positionnement de faisceau (12) comprend une paire de premiere
et seconde surfaces reflechissant la lumiere deplacables indepen- damment
(26. 28) qui recoivent le faisceau lumineux (14)  les premiere et seconde
surfaces reflechis- 15     sant la lumiere (26, 28) recevant les signaux
[err] et [err] pour deplacer le faisceau lumineux (14) dans des premiere et
seconde directions orthogonales respectives le long de la surface de cible
(18) pour positionner le faisceau lumineux (14) a la position desiree. 12.
Le procede de la revendication 10, dans lequel le faisceau lumineux (14)
est genere a partir d'une 20     source laser (16) et dans lequel les
donnees de commande de position de faisceau sont obtenues a partir d'une
memoire morte. 25 30 35 40 45 50 55 15    


