
DEVICE FOR DETERMINING THE RELATIVE POSITION BETWEEN
TWO ESSENTIALLY FLAT ELEMENTS The invention pertains to
a device according to the preamble of Claim 1  5 for
determining the relative position in the X-Y plane
between two  essentially flat elements that are spaced
apart in the Z-direction and are  essentially arranged
on top of one another. Devices of this type are used,
for example, in a screen or stencil printer  10 for
printing circuit boards or similar substrates with
electric strip  conductors in order to achieve a
largely exact relative position between  the stencil
and the circuit board to be printed or the substrate to
be  printed, respectively, and to thusly ensure that
the medium to be printed,  for example, soldering paste
or adhesive, exactly reaches the respective 15
connection points provided on the circuit board during
the printing  through the stencil. In this respect,
accuracies of less than 20 gm and  less are required in
practical applications. In a device of the generic type
that is known from EP 0 469 856 A3, a 20 camera
arrangement is placed between the two elements to be
positioned  relative to one another and said camera
arrangement respectively  determines two reference
points on the mutually facing surfaces of the  two
elements. An evaluation unit compares the images of the
reference  points and subsequently calculates the
precise positions of the reference 25 points in
relation to one another, wherein the thusly obtained
coordinates  are fed in the form of a correcting
variable to an adjusting device that  positions the two
elements relative to one another in the X-Y direction
such that the pairs of reference points respectively
coincide with one  



another. 30 The disadvantages of this known device can
be seen in that the reference  points need to be
defined anew for each variation or size of a circuit 2
board or substrate such that the system needs to be
"trained" or requires  complicated adjustments when it
is changed to a new circuit board  model, and in that a
sufficiently accurate coincidence of the stencil and
the circuit board or substrate cannot be ensured with
only a few pairs of 5 reference points, particularly
two pairs of reference points, due to the
manufacturing tolerances of the substrate or circuit
board. The so-called  "circuit board stretching," in
particular, usually leads to a considerable  offset
that needs to be experimentally determined separately
for each  type of circuit board. This requires, in
particular, a high monitoring to expenditure and also
results in a comparatively high reject rate.  Based on
this state of the art, the present invention aims to
develop a  device of the initially described type that
can be easily operated, has a  simple design and an
improved accuracy. 15 This objective is attained with a
device according to the characteristics  of Claim 1.
Advantageous embodiments of the invention form the
objects of the  20 dependent claims. The device for
determining the relative position in the X-Y plane
between two essentially flat elements that are spaced
apart from one  



another in the Z-direction and are essentially arranged
on top of one 25 another conventionally features at
least one optical sensor that is  arranged between the
elements and is able to sense at least two points of
the mutually facing surfaces of the elements. In this
case, the X-Y plane  is a plane that is respectively
formed by the two elements or a plane  extending
parallel thereto. The Z-direction is the axis that
extends 30 perpendicular to the planes formed by the
elements and therefore  perpendicular to the X-Y plane.
3  In contrast to the state of the art, the optical
sensor features at least one  line sensor that can be
displaced relative to the two elements in such a  way
that the mutually facing surfaces can be scanned
optically at least in  sections in the manner of a
scanner. The line sensor is preferably 5 realized in
the form of a color line sensor. In other words, this
means that, in contrast to the state of the art, not
the  relative position of a few pairs of reference
points is determined, but  rather that surface regions
of both elements are scanned in order to 1o produce
images. These images are then fed to an evaluation
unit, in  which they can be compared with respect to
their relative position in the  X-Y plane, for example,
by means of automated software-controlled  image
comparison, wherein the thusly determined differences
in position  can be used as a correcting signal for a
positioning device for the first 15 and/or the second
element. Since the actual differences in position
between the elements are determined rather than the
differences in  position of individual reference
points, the accuracy can be improved on  



the one hand and no training procedures are required
when changing to  different types and variations of
elements on the other hand. Another 20 decisive
advantage of the inventive device is that an offset due
to circuit  board stretching no longer needs to be
taken into consideration. The line sensor can be
stationarily arranged in basically arbitrary  fashion,
and the two elements to be scanned can be moved past
the 25 stationary line sensor. In this case, the only
decisive aspect is a relative  movement between the
elements to be scanned and the line sensor.  According
to one particularly preferred embodiment of the
invention, the  line sensor is arranged on a carrier
that can essentially be moved in the  X-Y plane between
the elements to be scanned by means of a drive. This 30
makes it possible to easily scan a large region of the
mutually facing  surfaces of the elements. 4  According
to another embodiment, the region to be scanned can be
enlarged by arranging the line sensor on the carrier in
a movable fashion.  It would be conceivable, in
principle, to provide only one line sensor 5 that
initially scans the surface region of the first element
to be scanned.  Subsequently, the same line sensor is
used for scanning the surface  region of the second
element to be scanned. This can be realized, for
example, by initially scanning the first element with
the line sensor  during its pass through the gap
between the two elements, wherein the io line sensor is
then essentially pivoted by 180 degrees on its carrier
and  subsequently scans the second element during the
return pass. According  to another embodiment, however,
at least two line sensors are provided,  



wherein the at least two line sensors are preferably
arranged on the  carrier in such a way that a first
line sensor points to the assigned 15 surface of the
first element and a second line sensor points to the
assigned surface of the second element such that both
elements can be  scanned simultaneously in one pass.
The invention furthermore pertains to a system for
printing circuit  20 boards or substrates to be
provided with electric strip conductors by  means of a
device according to one of the preceding claims,
wherein the  first of the two elements is constituted
by a stencil and the second of the  two elements is
constituted by the circuit board to be printed or the
substrate to be printed, respectively. 25 According to
one preferred embodiment of this system, the device can
still be used in the system after the printing of the
circuit board or the  substrate in order to check the
print quality by scanning the printed  circuit board in
the printed region and once again comparing the thusly
30 obtained image with a reference image in an
evaluation unit. In this case,  the check can be
carried out while a following circuit board is
simultaneously printed. This makes it possible to
eliminate a separate 5  downstream test device. The
invention is. described in greater detail below with
reference to only  one embodiment that is illustrated
in the figures. The figures show: 5 Fig. 1, an
embodiment of an inventive device in the form of a
schematic  



top view, and Fig. 2, a side view of the embodiment
according to Fig. 1.  10 The figures show an embodiment
of an inventive device that features a  schematically
indicated base frame 1. A first element 2 in the form
of a  circuit board to be printed is arranged above
this base frame 1 on a  transport and holding device
(not shown here). A second element 3 in the 15 form of
a printing stencil is arranged above the circuit board
2 in the Z- direction and held at this location by
means of a frame arrangement (not  shown here). In this
case, the printing stencil features the pattern to be
printed on the circuit board 2. The printing stencil 3
needs to be brought  in contact with the circuit board
2 in a precisely fitted fashion in order 20 to transfer
the pattern onto the circuit board such that it is
exactly  arranged, for example, relative to connection
points during the  subsequent printing process. A
carrier 4 that essentially extends in the Y-direction
and can be 25 displaced in the X-direction by means of
a schematically illustrated  drive 5 is arranged
between the circuit board 2 and the printing stencil 3.
An upper and a lower line sensor 7 and 8 are
respectively arranged on a  support plate 6 on the
carrier 4 and can be displaced in the X-direction  by
means of the drive 5 and the carrier 4. The support
plate 6 can be 30 simultaneously displaced on the
carrier 4 in the Y-direction such that the  entire
mutually facing surfaces of the circuit board 2 and the
printing  stencil 3 can be optically scanned by the two
line sensors 7 and 8. A 6  



comparison of the images of the corresponding regions
of the circuit  board 2 and the printing stencil 3
recorded by the two line sensors 7 and  8 with the aid
of an evaluation unit (not shown here) makes it
possible to  easily determine the relative position
between the circuit board and the 5 printing stencil in
a highly accurate fashion.  ( 7  CLAIMS 1. A device for
determining the relative position in the X-Y plane
between two essentially flat elements that are spaced
apart in the  5 Z-direction and are essentially
arranged on top of one another, wherein said device
features at least one optical sensor that is  arranged
between the elements and is able to sense at least two
points of the mutually facing surfaces of the elements,
as well as  an evaluation unit, in which the images of
the points can be 10 evaluated with respect to their
relative position in the X-Y plane,  wherein the
optical sensor features at least one line sensor that
can  be displaced relative to the two elements in such
a way that the  mutually facing surfaces of the
elements can be optically scanned  at least in sections
in the manner of a scanner, such that surface 15 areas
of both elements are scanned and may be compared with
regard to their relative position in the X-Y plane by
means of an  automated software-controlled image
comparison. 2. The device according to Claim 1, 20
wherein the line sensor is arranged on a carrier that
can be  



essentially displaced in the-X-Y plane between the
elements by  means of a drive. 3. The device according
to Claim 2, 25 wherein the line sensor is movably
arranged on the carrier.  4. The device according to
one of Claims 1 to 3, wherein at least two line sensors
are provided.  30 5. The device according to Claim 4,
wherein the at least two line sensors are arranged on
the carrier in  such a way that a first line sensor
points to the assigned surface of 8  the first element
and a second line sensor points to the assigned
surface of the second element. 6. The device according
to one of Claims 1 to 5,  5 wherein the line sensor is
a color line sensor. 7. A system for printing circuit
boards or substrates to be provided  with electric
strip conductors by means of a device according to  one
of the preceding claims, wherein the first of the two
elements 10 is constituted by a printing stencil and
the second of the two  elements is constituted by the
circuit board to be printed or the  substrate to be
printed, respectively. 


