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TITLE:

ADDITIVELY MANUFACTURED STRUCTURE AND METHOD OF
MANUFACTURING THE SAME

The present invention relates to an additively manufactured structure and to a
method of manufacturing the same, and more particularly to a position marker
for additively manufactured two-part or multi-part structures for additively

manufactured electronics.

BACKGROUND

For additively manufactured electronics, a printing system based on the multi-
jet process can be used, in which at least two inks are processed. In the
minimum configuration, one of the two inks is a non-conductive ink, while the
other ink is electrically conductive and comprises conductive nanoparticles that
are sintered into conductive tracks in the printing process. In order to be able to
apply electronic components or devices (microcontrollers, resistors, capacitors,
etc.) to an additively manufactured board, the electronic components are placed

on the board using a pick-and-place process, and soldered.

For such printers, installation spaces for circuit boards of, for example, 160 mm
X 160 mm x 3 mm can be achieved, although there is also a desire to realize
greater heights in order to be able to exploit the advantages of three-dimensional
(3D) construction. In particular, there is a need for boards that are no longer just
planar in design, but can also be designed three-dimensionally for any desired or
required form factor. This enables higher integration densities, shielding,

electromechanical keys, spy protection mechanisms and much more.

With conventional processes, components can only be placed on the top and
bottom of the board. In order to get components within circuit carriers (e.g.

within a cube), initially a first substructure is printed, which contains
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corresponding pockets for the required components. The printing process is
interrupted for assembly, and then continued after assembly. At present, this
assembly can only take place outside the printer, which means that the board
including the build platform is removed from the printer before assembly and
then reinserted after assembly. After reinsertion, it is important that the printer
continues printing very precisely on the previous first substructure. This is the
only way to ensure that the contact connections overlap to a sufficient extent and
that sufficiently good through-hole plating is possible in the vertical build

direction (Z direction).

This "job-on-job" precision can currently be checked only by very time-
consuming and costly computer tomography examinations following the 3D
printing. Therefore, a disadvantage in conventional printing is the large
technical and temporal effort required for this type of quality control. Moreover,
this quality control can only be performed after the printing process. Should any

adjustment be required, this is not possible during the printing process.

There is thus a need for alternative procedures by which the mentioned job-on-
job precision could be checked with significantly less effort. There is also a need
for possibilities to perform a quick and simple 100% quality assurance of the job-

on-job precision by means of optical systems or even the human eye.

BRIEF DESCRIPTION OF THE INVENTION

At least a part of the above problems is solved by an additively manufactured
structure according to claim 1 and a method according to claim 12. The
dependent claims relate to advantageous further embodiments of the objects of

the independent claims.

The present invention relates to a structure comprising: a plurality of
substructures; and a vernier-based position marker. The plurality of

substructures includes a first substructure, a second substructure, and at least
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one electronic component. The second substructure is additively manufactured
at least in part on the first substructure. The vernier-based position marker is
configured to indicate a relative offset between the first substructure and the

second substructure.

In particular, the structure shall comprise an arbitrary component of 3D
manufactured electronics, including e.g.: circuit boards for electronic
components (active or passive), electrical connections, antennas, waveguides,

ete.

According to embodiment, the additive manufacturing may use a printing
system based on the multi-jet process, in which at least two inks are processed.
One of the two inks may be a non-conductive ink, while the other ink is
electrically conductive and comprises conductive nanoparticles that are sintered
into conductive tracks in the printing process. Moreover, according to
embodiments, electronic components are placed on a board using a pick-and-
place process, and soldered. The additive manufacturing will embed the

electronic component into the additively manufactured structure.

A vernier-based position marker shall be understood as indicating means based
on the vernier principle to indicate an offset (or displacement/rotation). The
vernier principle is based on two periodic structures (e.g. line scales or grids)
with different periodicity in at least one direction. In the simplest case, as with a
caliper gauge, there are two adjacent line scales (or division scale), one of which
has a line spacing (periodicity) of 1 mm and the other of 0.9 mm. If the line
scales have at least 10 lines, an offset of the two line scales can be detected to
within 0.1 mm. This is only an example. The two scales can be scaled with

respect to each other as desired.

In the context of the present invention, the term "offset" is intended to
encompass not only linear displacement, but also rotations or combined

motions.
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The first substructure does not have to be additively manufactured; it can also be
a finished circuit board or a conventional printed circuit board. Advantageously,
however, the first vernier pattern is additively manufactured on it in order to
achieve the most accurate positioning possible during the entire additive

manufacturing process.

Optionally, the position marker comprises a first vernier pattern and a second
vernier pattern, wherein the first vernier pattern is formed on the first
substructure, and the second vernier pattern is formed on the second
substructure or on a component of an additive manufacturing apparatus. The
component may be, for example, the print head or a fixture or other part

provided for positioning.

Optionally, the first vernier pattern is formed on an upper surface of the first
substructure and the second vernier pattern is formed on a bottom surface of the
second substructure, the bottom surface and the top surface facing each other.

This can minimize parallax error.

Optionally, the first vernier pattern and/or the second vernier pattern each
include a grid or at least one vernier scale in order to indicate an offset in one or
both directions perpendicular to the additive manufacturing direction. Although
generally both vernier patterns may be formed identically, embodiments are also
intended to include the form where a grid is combined with one or more line

scales. Advantageously, the vernier patterns are superimposed or contiguous.

Optionally, the at least one vernier scale comprises at least one first side scale on
a side surface of the first substructure, and at least one second side scale on a
side surface of the second substructure, wherein both side surfaces form a lateral
boundary of the structure after completion. The vernier scales may be formed

here by two adjacent line scales.

Optionally, the at least one vernier scale comprises: a first vertical vernier scale
formed periodically in the fabrication direction, and a second vertical vernier

scale on a component of the apparatus for additive manufacturing, in order to
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determine a vertical offset of the first substructure and/or the second

substructure.

Optionally, the substructures comprise a transparent material at least at a
position (region) of the position marker, in order to enable optical detection by
means of an optical sensor (e.g., a camera). The offset can also be detected by a

user by visual inspection.

Optionally, the substructures comprise a dielectric material at least at a position
(or region) of the position marker, and the position marker (e.g., vernier pattern)
comprises an electrically conductive material, in order to enable electrical
detection of the offset. Electrical sensing may be provided by electrical resistance
(if direct contact is present), capacitance (if no direct contact is present), or by
measured inductance. Optionally, the position marker is a linear encoder that

capacitively measures a linear displacement.

Optionally, the position marker is a first position marker and the structure
further comprises a second vernier-based position marker spaced apart from the
first position marker. The first and second position markers may have the same
structure, and are formed as far apart as possible (e.g., on opposite sides). This

can increase accuracy, especially in the case of twists (rotations).

Embodiments also relate to an apparatus for additive manufacturing of a
structure as previously described and having a first vernier pattern. The
apparatus comprises: a component having a second vernier pattern configured
to form, together with the first vernier pattern, a vernier position marker to
indicate a relative offset between the component and the structure. For example,
the component may be the printhead, or may be attached to the device near the
printhead. However, the component may also be located elsewhere (e.g., on a

fixture).

Embodiments also relate to a method for an additive manufacturing of a

structure using an additive manufacturing apparatus. The method comprises:
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- Providing a first substructure with a first vernier pattern;

- Equipping the first substructure with an electronic component;

- Additively fabricating a second substructure, wherein a second vernier
pattern is fabricated on the second substructure or formed on the additive
manufacturing device,

- Indicating a relative offset between the first substructure and the second
substructure by a position marker formed from the first vernier pattern

and the second vernier pattern.

Optionally, providing a first substructure comprises: additively manufacturing
the first substructure along with the first vernier pattern. Equipping the first
substructure may comprise: Removing the additively fabricated first
substructure from an additive manufacturing apparatus; equipping the first
substructure with the electronic component; and reinserting the first
substructure along with the electronic component into the additive

manufacturing apparatus.

Optionally, the method comprises determining an offset using the position
marker. The determining may be performed optically by means of an optical
sensor or a camera, and may comprise a transillumination or a laser scan. The
determining may also, or additionally, be performed by means of electrical
signals, i.e., via measurement of resistance, a capacitance, a resonance,

inductance, etc.

Optionally, the additive manufacturing of the second substructure is finished
only after the determining of the offset. If a threshold value is exceeded, a

correction can be made.

Embodiments solve at least part of the problems mentioned at the beginning by
using a position marker based on the vernier principle, for which purpose two
patterns are introduced into both substructures. A vernier allows a much more
precise determination of position deviations than would be possible by looking

at two simple markers lying on top of each other.
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The structure is, for example, an additively manufactured circuit carrier (e.g. a
printed circuit board). According to embodiments, the printing process may be
interrupted to add e.g. electronic components, and is continued precisely at the
same location. Embodiments also allow a quality assurance process to verify the

precision of the continued printing.

BRIEF DESCRIPTION OF THE FIGURES

The embodiments of the present invention will be better understood by
reference to the following detailed description and by the accompanying
drawings of the various embodiments, which, however, should not be construed
as limiting the disclosure to the specific embodiments, but are for explanation

and understanding only.

Fig.1 shows a schematic view of an additively manufactured structure

according to an embodiment of the present invention.

Figs. 2A-C2 show further embodiments for opaque structures and for 2-

dimensional position determination.

Fig.3 shows a more detailed illustration of a vernier grid according to further

embodiments.
Fig. 4 shows a possible arrangement of the vernier grids in the substructures.
Fig.5 shows an embodiment for an electrical readout of the position accuracy.

Fig. 6 shows a schematic flow diagram for a process according to

embodiments.

DETAILED DESCRIPTION

Fig. 1 shows a schematic view of an additively manufactured structure according
to one embodiment, the structure comprising a plurality of substructures 10, 20,
at least one electronic component 15, and a vernier-based position marker 30.
The substructures 10, 20 comprise a first substructure 10 on which a second

substructure 20 has been additively manufactured such that the electronic
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component 15 is embedded in the two substructures 10, 20.

For example, the electronic component 15 may be mounted or installed on the
first substructure 10, or also on the second substructure 15. Typically, this is also
done in an apparatus used for additive manufacturing (e.g. in an assembly

machine).

The vernier-based position marker 30 is configured to detect a relative offset,
wherein the offset may include at least one of the following: a displacement
along a first horizontal direction X and/or a second horizontal direction Y, a
twist about a vertical axis Z (additive manufacturing direction). By way of
example, the position marker 30 includes a first vernier pattern 310 on the first

substructure 10 and a second vernier pattern 320 on the second substructure 20.

In this embodiment, the first and second vernier patterns 310, 320 each
comprise, by way of example, a line scale having different line spacings, so that a
displacement of the first substructure 10 relative to the second substructure 20
can be detected. For example, if the first lines of the line scales 310, 320 match,
there is no offset, but if other lines of the two line scales 310, 320 match, there is
a corresponding offset, depending on which of the lines shown match each other

(vernier principle).

In Fig. 1, two sets of vernier patterns 310, 320 are shown to detect an offset in
both the X-direction and the Y-direction. In further embodiments, the position
marker 30 shown is a first position marker, and a second position marker may
be formed at a more distant position. This provides better accuracy, particularly
with respect to twists. In order to detect such angular deviations as accurately as
possible, the second position marker may be an identical marker and may

preferably be formed at a large distance on the exemplary board.

Thus, Fig. 1 shows a simple embodiment where the position marker 30

comprises two superimposed vernier crosses 310, 320 with different grid
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spacings.

The line scales 310, 320 can also be arranged one above the other, in which case
a (nearly) transparent material at the position of the position marker 30 can be
used to detect the offset, or an electrical detection is performed (see below). This

would also facilitate the detection of the twist.

To minimize parallax error, the first vernier pattern 310 may be placed near or
on the upper surface of the lower, first substructure 10. The second vernier
pattern 320 is then attached to a lower surface of the upper, second substructure
20. Thus, by looking at the perpendicular from above, i.e., on the XY plane, a
precise verification of the positional deviation can be determined (e.g., using a

camera system or the naked eye).

If the dielectric (the non-conductive part of the structure, board) has a
transparent material, this control can be determined during the printing process.

If the material is opaque, the control can also be done afterwards.

Fig. 2A illustrates another embodiment that is particularly suitable for
nontransparent (opaque) structures. Here, the position marker 30 includes
vernier patterns 310, 320 on a side surface of the first substructure 10 and the
second substructure 20, the side surfaces providing a lateral boundary (in the X

or Y direction) of the structure after completion of the structure.

The position marker 30 is visible here even after completion of the additively
manufactured structure, the position marker 30 exhibiting an exemplary first
vernier scale 312a along the exemplary Y direction and a first vernier scale 312b
along the X direction on the first substructure 10. Similarly, a second vernier
scale 312a, 312b is formed along the X and Y directions on the second
substructure 20. The first and second vernier scales 312a, 322a in the Y direction
form a Y vernier for detecting an offset in the Y direction. The first and second

vernier scales 312a, 322a in the X direction form an X vernier for detecting an
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offset in the X direction. Further position markers may be provided on other side

surfaces.

In addition to being suitable for non-transparent material, no board space is
consumed for this position marker. Furthermore, vernier patterns 310, 320 can
be formed on several or all side surfaces, so that twists can also be detected very

accurately.

For automated monitoring, a more advanced form of the simple position marker
30 is suitable. Here, instead of a scale, a cross pattern in the form of a grid is
used, which can also be referred to as a vernier grid, wherein the grid spacing or
mesh widths are specifically set in order to achieve a desired resolution. These
grids are suitable for performing automated image evaluation (e.g. with a
camera), looking for a bright area or a dark frame surrounding the bright area,

in order to determine the deviation.

Fig. 2B shows an embodiment for such a position marker 30, wherein a first
grid 311 is formed on the first substructure 10 and a second grid 321 is formed on
the second substructure 20. As with the line scales 312, 322, the grid spacings
are not identical, but are slightly scaled so that a relative offset between the two
grids 311, 321 is visible when superimposed. It need not be a rectangular grid

either. It may be triangular or honeycomb (hexagonal).

On the left side in Fig. 2B, a central coincidence of the two gratings can be seen,
while on the right side a shift of the second substructure 20 to the lower left can
be seen. In case of perfect coincidence of the two gratings (position difference
equal to zero), the bright region can be located exactly in the center of the
grating. In case of a deviation, this bright area shifts to one of the two edges

depending on the proportional deviation in X and Y direction.

The grid patterns 311, 321 each further include an outer marker 315, 325, which

can be used to determine whether the grids 311, 321 are offset from each other by

10
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more than one grid period. For example, if the center line 325 is outside the area
given by the lines 315, there is an offset of a multiple of the grid spacing. To this
end, the spacing of the two lines 315 is just twice the period of the associated grid
311, 321. The center line 325 may e.g. be associated with the second grid 321,
while the two lines 315 may be associated with the first grid 311. For example,
their spacing may then be twice the grid spacing of the first grid 311. However,

the assignment may also be in the exact opposite way.

Fig. 2C shows an example of the relative twists of the exemplary grating
patterns 311, 312 from 0° to 5°. The changes in the superimposed grating
patterns thus also allow relative twists to be determined. This does not result in a
pure shift of the brightness distribution. Due to the Moiré effect, additional local
intensity maxima are created, from whose arrangement a relative twist angle can
be read off. From the positions (e.g. of the center) of these additional intensity
maxima, the relative angle of twist can be read off. This relation may be
calculated, or simply determined by a calibration for a concrete pattern. In
addition to evaluating the positions and angles of the individual intensity
maxima, it is also possible to evaluate the angle of the connecting lines of
intensity maxima relative to the edge to a reference plane (for example marker,

basic structure or printer).

The size of the exemplary vernier grating 311,321 may be selected to allow for
optical inspection or analysis by eye. For example, they may have a size of 10 x
10 mm. According to embodiments, the vernier pattern 310, 320 can be used to
detect deviations in the X and Y directions of at least +/- 0.5 mm. However,
further embodiments allow for a much better resolution. For example,
measurement accuracies of +/- 0.05 mm can be achieved, and deviations in both
directions can be detected. For example, the grid spacing (or mesh size) of the
vernier grid can have a value of 1/10 mm (100 um), and of the narrower mesh

vernier grid of 1/9 mm (111 pm).

However, the size of the grid and the grid spacing may be freely selected or set

11
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depending on an expected deviation.

The following dimensions have proven to be advantageous when viewed by eye:

- Grid size: 10 mm

- Line count: 20

- Grid spacing: small 500 um
- Grid spacing;: large 525 um
- Line width: 0.15 mm

These parameters represent only one possible embodiment. In particular, other
dimensions may be selected for automated detection of the offset by means of an
optical sensor (e.g. a camera), which depend, for example, on the sensor (e.g.

resolution of the camera).

Fig. 3 shows a spatial view of vernier grids 311, 321 as they may be used
according to embodiments. In Fig. 3 below, the first vernier grid 311 is first
shown as it may be exemplarily formed on the first substructure 10. The first
vernier grid 311 again includes the range markers 315 as outer markers
configured to detect an offset larger than a grid period of the first substructure
10 relative to the second substructure 20. The second vernier grid 321 also
comprises a rectangular grid pattern, but with a slightly different grid spacing, so
that a slight offset can be detected according to the vernier principle. In addition,
the second vernier grid 321 comprises a plurality of line markers 325 as outer
markers, which are arranged as centrally as possible within the area of the range
marker 315 when the first substructure 10 is positioned accurately relative to the
second substructure 20. Fig. 3 above shows a spatial view of the two
superimposed vernier grids 311, 321. The top view then shows, for example, the

pattern displayed in Fig. 2B.

As already explained, the detection of the offset can also be done automatically,

for example by a camera. In Fig. 2B, for example, the bright translucent area can

12
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be detected as an area of high light intensity by the camera. An evaluation unit
may also determine whether the bright region (= maximum intensity) is located
in the center or shifted. Large shifts can also be detected by the camera via
control marks 315, 325 on the outer sides. For this purpose, the camera may be
designed to detect the brightness distribution on the image. When there is a
displacement of the first substructure 10 relative to the second substructure 20,
the maximum of transparency is not where it would be expected to be if the
positioning was accurate (e.g., centered), but is relatively shifted in a direction

indicating the offset of the two substructures 10, 20.

Fig. 4 shows a possible arrangement of the vernier grids 311, 321 of Fig. 3 in the
first substructure 10 and in the second substructure 20, respectively. At the
bottom of Fig. 4, the first substructure 10 has been displaced from the second
substructure 20 to better illustrate their respective arrangements. It is
understood that the second substructure 20 is additively manufactured on the

first substructure 10, so that they are generally not separable.

For example, in additive manufacturing, the first vernier grid 311 is formed on a
top surface 110 of the first substructure 10 and the second vernier grid 321 is
formed on a bottom surface 210 of the second substructure 20, wherein terms
such as "top" and "bottom" may be defined by the manufacturing direction. This
allows the first vernier grid 311 and the second vernier grid 321 to be as close to
each other as possible, so that parallax errors can be minimized. According to
further embodiments, this is also done for the vernier scales in Fig. 1 and Fig.
2A, respectively. Also there, it is possible to form the vernier scales 312, 322 each
on a top side of the first substructure 10 and bottom side of the second

substructure 20, respectively, in order to minimize a parallax error.

In Fig. 4 above, the completed structure is shown with the first substructure 10
fabricated below the second substructure 20 and the two vernier grids 311, 321

adjacent to each other.

13
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However, the position deviation does not only have to be read out via optical

measuring methods. It can also be done via electrical detection.

Fig. 5 shows a corresponding embodiment, in which the detection of the offset
is not performed optically by detecting a pattern offset, but via an electrical
measurement. For example, it is possible that the grids 311, 321 or the line scales
312, 322 are implemented by electrically conductive elements. Depending on
how much they overlap each other, an electrical resistance or a capacitance for a
transmitted signal changes. Thus, a maximum of the electric current flow
(=minimum of the electric resistance) will be exactly where individual elements
of the exemplary vernier scales 312, 322 are maximally aligned (maximally
overlapping). This is the case in Fig. 4 (see right side) at position P. There, the

line elements 311p, 322p are aligned along a line.

The position of this maximum conductivity can be determined by an electronic
circuit and indicates the degree to which the second substructure 20 is offset
from the first substructure 10. Depending on how the position marker 30 is
calibrated, an alignment at a particular line (e.g., the center) may indicate
accurate positioning, while each line on either side may indicate increasing

offset.

It is also possible that not the electrical resistance is measured, but a capacitive
or inductive measurement is made. In general, an impedance can be measured,
whereby smallest changes can be measured e.g. by means of a shift of a

resonance frequency.

Contact can be made via an outer wall (e.g., end surface in Fig. 5), and the
vernier patterns 310, 320 are contacted via electrically conductive tracks that
establish electrical connections to the outer wall. The outer wall in this case may
be a lateral surface as well as an upper and lower surface. Thus, a mapping is
carried out over all contact points. The maximum conductivity can then be

determined automatically. Similar to the visual inspection of vernier lines/grids,

14
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the position of the maximum represents the relative offset. It is understood that
with such a measurement, offsets in both horizontal directions X, Y are possible,
since offsets in both directions result in a change in the overlap. To increase
accuracy, a dot pattern can be formed in both directions, with scaling in both

directions to achieve the vernier effect.

According to further embodiments, at least one vernier pattern 310, 320 is not
integrated into the structure to be manufactured, but is formed as a separate
object to allow monitoring of the entire print job (possibly for multiple boards).
For example, one of the two vernier patterns 310, 320 may not be formed in the
first or in the second substructure 10, 20, but is present on the apparatus for
additive manufacturing. Thus the first vernier pattern 310 may e.g. first be
formed on the first substructure 10 (e.g., on a side surface). Then, the first
substructure 10 may be removed from the manufacturing device to attach the
electronic component 15. After inserting the first substructure 10 together with
the electronic component 15 into the additive manufacturing apparatus, a
vernier pattern 320 on the print head of the manufacturing device, for example,
may be used to determine whether the orientation relative to the printing device
is still as desired, or whether a correction is advised to additively manufacture

the second substructure 20 on the first substructure 10 with high accuracy.

A separate calibration scale can also be provided on the additive manufacturing
device for this purpose, which is suitable for repeated position measurements. If,
for example, three or more substructures are to be manufactured one above the
other, with electrical components being inserted between the respective
substructures by means of a pick-and-place machine, an offset can be detected
by the existing position marker 30 each time the substructures are reinserted in

the additive manufacturing apparatus.

Fig. 6 shows a schematic flow diagram for manufacturing a structure. The

fabricated structure may be, in particular, a circuit carrier or a printed circuit

15
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board, forming, for example, part of a 3D electronic system. The process

comprises the steps:

- Providing S110 a substructure with a first vernier pattern, wherein the
providing may in particular comprise additive manufacturing;
- Equipping S120 the substructure with an electronic component;

- Additive manufacturing S130 of a final (or a second) substructure.

A second vernier pattern is fabricated on the last substructure, or is already
present on the additive manufacturing apparatus. The first vernier pattern and
the second vernier pattern form the position marker to indicate a relative offset

between the substructures.

Optionally, the method further comprises:

- Determining S122 an offset using the position marker,
- Correcting S124 the determined offset.

Then the process may be continued with the fabrication (printing) of another
substructure, wherein a correction is made while passing through each loop. In
the simplest case, only a first substructure 10 is manufactured/prepared, on

which a second substructure 20 is printed.

In particular, in the step of additive manufacturing the first substructure 10, the
first substructure 10 is manufactured together with the first vernier pattern 310
in or on the first substructure 10. The first substructure 10 may also be, or
include, a conventionally fabricated circuit board (which may be unpopulated,
partially populated, or fully populated) into which the first vernier pattern 310
has been introduced in a conventional fabrication process. For example, the
conventionally manufactured circuit carrier may be a circuit board made of e.g.

FR4 (epoxy resin and fiberglass), polymer, or ceramic.

As already described, according to further embodiments the manufacturing of

16
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the second substructure 20 on the first substructure 10 may not take place
immediately. The first substructure 10 may be removed from the manufacturing
device for fitting with the electronic component 15. After reinsertion, a possible
offset may first be detected, and a correction of the detected offset may be made
before further printing. Specifically, after the equipping with the electronic
component 15, the portion of the second substructure 20 having the second
vernier pattern 320 can first be manufactured on the first substructure 10. Then,
the relative misalignment is determined. Then, the optional correction of the
print orientations or offset is performed. Finally, the second substructure 20 is
finished. This readjustment before completion of the print job offers the
advantage that insufficient vias due to the detected deviations in position can be

avoided.

The equipping with the at least one electronic component on the first
substructure 10 is generally performed outside the 3D printer. However, it can
also take place inside the 3D printer. In both cases, interruptions of the printing
process lead, among other things, to thermal fluctuations and thus to abrupt
position deviations. Positioning according to embodiment examples using the
position marker 30 can also be used accordingly to calibrate subsequent
processes (e.g., pick & place assemblies). The determination of the position
offset can also take place immediately before further printing of the second
substructure 20, in order to e.g. minimize further thermally induced position

deviations.

The so far mentioned measurement methods for determining the position offset

may be implemented concretely as follows:

A. Optical measurement method

Printing of the second vernier pattern 320 on the first vernier pattern 310. In
order to exclude collisions of the print head with the workpiece, the distance of

the lowest point of the print head to the printing surface may be selected

17
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significantly larger than a layer thickness of the printing process. For this
purpose, a height offset of the printhead is taken into account, according to

embodiments. After that, the position offset can be detected optically.

B. Electronic measuring method

The different electrical resistances resulting from different overlaps may be
measured electrically directly. In addition, capacitance/inductance
measurements may also be made. For this purpose, a measuring device for
capacitive or inductive detection of the measurement deviation may be attached
to the print head, preferably in the vicinity of the print nozzles. Capacitive and
inductive measuring methods are known to those skilled in the art (e.g. for
calipers), and their accuracy is +/- 0.02 mm = +/-20 um. This accuracy results
in a measuring accuracy at the level of a printer resolution of known 3D printers
in a range of 600 dpi (25.4 mm / 600 = 42.3 um). Since the measurement
accuracy is thus in the range of one pixel width, the measurement method is
sufficiently precise. In order to use as little installation space as possible, the
electrical conductors of the position marker 30 may be mounted in the vicinity of
a side surface of the exemplary circuit carrier. Two measuring systems,
preferably arranged at right angles to one another, may be provided for detecting

the position deviation in the X and Y directions.

According to embodiments, the measured value (offset) can be recorded by
means of a linear encoder. For a low power requirement, the linear encoder may
operate capacitively and, to a lesser extent, inductively. For a capacitive
detection, a periodically arranged pattern (e.g. first vernier pattern 310) in the
form of an electrical conductor track may be used, which forms plates of
capacitors. By means of oppositely arranged metal strips (e.g. second vernier
pattern 320), a signal is generated with several different pulse-width modulated
square-wave signals, which are formed by the control electronics. Depending on
the relative position of the patterns formed in this way, the different capacitive

couplings of the geometric arrangement result in different signal characteristics
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at the receiving electrode. By means of digital signal processing, the exact
relative position of the first vernier pattern 310 and the second vernier pattern

320 can be determined and output.

There are various procedures and implementation types for the methods and
linear encoders used. Besides according to the physical principle (capacitive and
inductive), the employed linear encoders may be roughly divided into relative
and absolute encoders. For relative linear encoders, an adjustment of the zero
point (calibration) takes place before a measurement. The offset is then
determined relative to this zero point by a counter in the electronics. Very little
energy is consumed in this case by the electronics, e.g. by a CMOS circuit
technology, so that no negative effects on the other electronic components 15 on
the circuit board are to be expected. In the case of absolute linear encoders, the
position information is fixed in the way in which the encoder is structured, and
zero adjustment is not necessary. According to further embodiments, the
employed linear encoders may have a serial data interface, which may be
implemented as an RS-232 interface that allows automatic tapping of the offset

for external storage or display on larger, external displays.

Once the position offset has been determined, printing can continue with
optimized position parameters. For this purpose, determined offset parameters
may be introduced into the printing process so that the position deviation is

corrected and the risk of misprints is thus reduced.

Thus, the position marker 30 is not only used to determine the position offset
during 3D printing. Rather, the determined position deviation, caused by the
interruption of the printing process, is also to be corrected before further

printing. This allows not only a good/bad check afterwards, but also an active

increase of the job-on-job precision.

According to further embodiments, the position marker 30 or its position may

be encoded in a further marker to simplify the finding of the marker. The further
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marker may enable an automatic detection similar to a QR code, wherein the
encoded information will automatically guide the device towards the position of

the position marker 30.
The features of the invention disclosed in the description, the claims and the

figures may be essential to the realization of the invention either individually or

in any combination.
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LIST OF REFERENCE SIGNS

10 first additively manufactured substructure
110 top side of first substructure

15 at least one electronic component

20 second additively manufactured substructure
210 bottom side of the second substructure

30 vernier-based position marker

310,320 vernier pattern

311,321 vernier grating

312,322 vernier scale

315,325 outer marker

Z (vertical) manufacturing direction

XY (horizontal) directions perpendicular to the manufacturing direction
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CLAIMS

[Claim 1]

A structure, including;:

a plurality of substructures (10, 20) comprising a first substructure (10)
and a second substructure (20) holding at least one electronic component
(15), wherein the second substructure (20) is at least partially additively
manufactured on the first substructure (10); and

a vernier-based position marker (30) configured to indicate a relative
offset between the first substructure (10) and the second substructure
(20).

[Claim 2]

The structure of claim 1, wherein the position marker (30) comprises a
first vernier pattern (310) and a second vernier pattern (320), wherein the
first vernier pattern (310) is formed on the first substructure (10) and the
second vernier pattern (320) is formed on the second substructure (20) or

on a component of an apparatus for additive manufacturing.

[Claim 3]

The structure of claim 2, wherein the first vernier pattern (310) is formed
on a top surface (110) of the first substructure (10) and the second vernier
pattern (320) is formed on a bottom surface (210) of the second
substructure (20), wherein the bottom surface (210) and the top surface
(110) are facing each other.
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[Claim 4]

The structure of claim 2 or claim 3, wherein the first vernier pattern (310)
and the second vernier pattern (320) each comprise a grid (311, 321) or
each comprise at least one vernier scale (312, 322) to indicate an offset in
one or both directions (X,Y) perpendicular to the additive manufacturing
direction (Z).

[Claim 5]

The structure of claim 4, wherein the at least one vernier scale (312, 322)
comprises at least one first side scale (312) on a side surface of the first
substructure (10) and at least one second side scale (322) on a side
surface of the second substructure (20), wherein side surfaces form a

lateral boundary of the structure.

[Claim 6]

The structure of claim 4 or claim 5, wherein the at least one vernier scale

(312, 322) comprises:

a first vertical vernier scale formed periodically in the manufacturing
direction (Z), and a second vertical vernier scale formed on a part of the
apparatus for additive manufacturing for detecting a vertical offset of the

first substructure (10) and/or the second substructure (20).

[Claim 7]

The structure according to any one of the preceding claims, wherein the
substructures (10, 20) comprise a transparent material at least at a
position of the position marker (30) to enable optical detection by means

of an optical sensor.
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[Claim 8]

The structure according to any one of the preceding claims, wherein the
substructures (10, 20) comprise a dielectric material at least at a position
of the position marker (30) and the position marker (30) comprises

electrically conductive material to enable electrical detection of the offset.
[Claim 9]

The structure of claim 8, wherein the position marker (30) comprises a

linear encoder.
[Claim 10]

The structure according to any one of the preceding claims, wherein the
position marker (30) is a first position marker and the structure
additionally comprises a second vernier-based position marker spaced
apart from the first position marker (30) to increase measurement

accuracy or detect a twist.
[Claim 11]

An apparatus for additive manufacturing of a structure according to any
one of claims 1 to 10, wherein the structure comprises a first vernier

pattern (310), the apparatus comprising;:

a component having a second vernier pattern (320) configured to form,
together with the first vernier pattern (310), a position marker (30) based
on the vernier principle to indicate a relative offset between the

component and the structure.
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[Claim 12]

A method for an additive manufacturing of a structure using an additive

manufacturing apparatus, comprising the steps of:
Providing a first substructure (10) having a first vernier pattern (310);
Equipping the first substructure (10) with an electronic component (15);

Additively manufacturing a second substructure (20), wherein a second
vernier pattern (320) is fabricated on the second substructure (20) or

formed on the additive manufacturing apparatus, and

wherein the first vernier pattern (310) and a second vernier pattern (320)
form a position marker (30) to indicate a relative offset between the first

substructure (10) and the second substructure (20).

[Claim 13]

The method of claim 12,

wherein providing a first substructure (10) having a first vernier pattern
(310) comprises additively fabricating the first substructure (10) together
with the first vernier pattern (310), and

wherein equipping the first substructure (10) comprises:

Removing the additively manufactured first substructure (10) from

an additive manufacturing apparatus;

equipping the first substructure (10) with the electronic component

(15); and
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Reinserting the first substructure (10) together with the electronic

component (15) into the additive manufacturing apparatus
[Claim 14]
The method of claim 12 or claim 13, further comprising;:
Determining an offset using the position marker (30),
Correcting the determined offset when a threshold value is exceeded,

wherein additively manufacturing the second substructure (20) is

completed only after correction of the offset.
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