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A method of manufacturing a MEMS micro-mirror assembly

Field of the invention

[0001]  The present invention concerns method of manufacturing a
MEMS micro mirror assembly; and in particular, but not exclusively, to a
method of manufacturing and a MEMS micro mirror assembly which
comprises the step of mounting a MEMS micro mirror device on a PCB

board.

Description of related art

[0002] A MEMS micro-mirror device is a device that contains an optical
MEMS (Micro-Electrical-Mechanical-System). The optical MEMS micro-mirror
device may comprise an elliptical, cylindrical, rectangular, square or random
shape micro-mirror that is adapted to move and to deflect light over time.
The micro-mirror is connected by torsional arms to a fixed part and can tilt
and oscillate along one or two axis. For example it can oscillate vertically
and horizontally. Different actuation principles can be used, including
electrostatic, thermal, electro-magnetic or piezo-electric. MEMS micro-
mirror devices are known in which the area of these micro-mirrors are
around a few mm?Z. In this case, the dimensions of the MEMS micro-mirror
device, comprising the packaging, is around ten mm?. This MEMS micro-
mirror device is usually made of silicon, and can be encapsulated in a
package that can include the driving actuation electronics. Various optical
components, such as for example lenses, beam combiner, quarter-wave
plates, beam splitter and laser chips, are assembled with the packaged
MEMS to build a complete system.

[0003] A typical application of the MEMS micro-mirror devices is for
optical scanning and projection systems. In a projection system, a 2-D or 3-D
image or video can be displayed on any type of projection surface. In a
colour system, each pixel of the image is generated by combining
modulated red, green and blue laser light, by means of, for example, a
beam combiner, to generate a combined light beam which defines a pixel
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of the image or video. The MEMS micro-mirror in the MEMS micro-mirror
device directs the combined light beam to a projection surface where the
pixel of the image or video is displayed. Successive pixels of the image or
video are display in this manner. By means of its oscillations, the MEMS
micro-mirror within the MEMS micro-mirror device will continuously scan
the combined light beam from left to right and and from top to bottom
(or according to a different trajectory including e.g. Lissajou trajectories) so
that all the pixels of the image, or video, are displayed on the projection
surface, successively, pixel-by-pixel. The MEMS micro-mirror will oscillate
about its oscillation axes at a frequency which ensures that the combined
light beam is scanned across the projection surface at such a speed that a
complete image is visible to a person viewing.

[0004] Typically, the MEMS micro-mirror in a MEMS micro-mirror device
is able to oscillate along a single oscillation axis. Therefore, in order to
display a 2-D image on a screen a projection system will require two MEMS
micro-mirror devices; a first MEMS micro-mirror device which is required to
scan the combined light beam along the horizontal and a second MEMS
micro-mirror device which is required to scan the combined light beam
along the along the vertical. Alternatively the MEMS micro-mirror in a
MEMS micro-mirror device could be configured such that it can be
oscillated about two orthogonal oscillation axes.

[0005] Referring now to Figures 6a and 6b which show a known MEMS
micro-mirror device 1; Figure 6a provides a plan view of the MEMS micro-
mirror device 1 and Figure 6b shows a cross sectional view of the MEMS
micro-mirror device 1, taken along A-A’ of Figure 6a.

[0006] The MEMS micro-mirror device 1 comprises a first support frame
2. A first torsional arm 3a and second torsional arm 3b connect a moveable
part 4 to the support frame 2. The moveably part comprises a micro mirror
8 mounted thereon. In this embodiment the support frame 2 is fixed (i.e.
immovable). The first and second torsional arms 3a,b define a first
oscillation axis 7 for the moveable part 4. A first actuation coil 5 is
supported on, and connected to, the moveable part 4. The first actuation
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coil 5 is arranged to extend, from a first electrical contact 9a which is
located on the support frame 2, along the first torsional arm 3a, around the
perimeter of the moveable part 4 and back along the first torsional arm 3a
to a second electrical contact 9b which is located on the support frame 2.

[0007] The first support frame 2, first and second torsional arms 3a,b,
the moveable part 4, the micro mirror 8, and first actuation coil 5, define
collectively a MEMS die 10. As shown in Figure 6b the MEMS die 10 is
mounted on, and fixed to (using glue for example), a magnet 6 such the
first actuation coil 5 is submerged in the magnetic field ‘B’ generated by
the magnet 6. Preferably the MEMS die 10 is fixed at the first support
frame 2 to the magnet 6; this is usually achieved by providing glue between
the first support frame 2 of the MEMS die 10 and the magnet 6.

[0008] During use an electric current ‘I’ is passed through the first
actuation coil 5. As the first actuation coil 5 is submerged in the magnetic
field ‘B’ created by the magnet 6, the actuation coil 5 will provide a Laplace
force which will be applied to the moveable part 4. The Laplace force will
cause the moveable part 4, and thus the micro mirror 8, to oscillate about
its first oscillation axis 7.

[0009] It should be understood that the MEMS micro-mirror device 1
could alternatively be configured to enable oscillation of the moveable part
4 about two orthogonal axes, so that the micro mirror 8 can scan light in
two dimensions (typically along the horizontal and vertical). Figure 7 shows
a MEMS micro-mirror device 100 which is configured to enable oscillation
of the moveable part 4 about two orthogonal axes.

[0010] The MEMS micro-mirror device 20 has many of the same features
of the MEMS micro-mirror device 1 shown in Figures 6a and 6b; however in
the MEMS micro-mirror device 20 the support frame 2 is configured to be
moveable; the support frame 2 is configured such that it can oscillate about
a second oscillation axis 17, which is orthogonal to the first oscillation axis

7.
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[0011]  The MEMS micro-mirror device 20 further comprises a fixed part
12 (i.e. an immovable part); the support frame 2 is connected to the fixed
part 12 via third and fourth torsional arms 13a,b. The third and fourth
torsional arms 13a,b, define the second oscillation axis 17. A second
actuation coil 15 is connected to the support frame 2. This second actuation
coil 15 will also be submerged by the magnetic field ‘B’ generated by the
magnet 6.

[0012] A second actuation coil 15 is supported on, and connected to, the
support frame 2. The second actuation coil 15 is arranged to extend, from a
first electrical contact 19a which is located on the fixed part 12, along the
third torsional arm 13a, around the perimeter of the support frame 2 and
back along the third torsional arm 13a to a second electrical contact 19b
which is located on the fixed part 12. It should be noted that the second
actuation coil 15 does not extend along the fourth torsional arm 13b.

[0013] Furthermore, in the MEMS micro-mirror device 20 the first and
second electrical contacts 9a,9b for the first actuation coil 5 are located on
the fixed part 12 and thus the first actuation coil 5 is arranged to also
extend along the support frame 2 and the third and fourth torsional arms
in order to electrically connect to the first and second electrical contacts

9a,9b.

[0014]  The first support frame 2, first and second torsional arms 3a,b,
the moveable part 4, the micro mirror 8, and first actuation coil 5, the fixed
part 12, second actuation coil 15, third and fourth torsional arms 13a,b,
define collectively a MEMS die 90. The MEMS die 90 is mounted on, and
fixed to (using glue for example), a magnet 6 such the first actuation coil 5
is submerged in the magnetic field ‘B’ generated by the magnet 6.
Preferably the MEMS die 90 is secured at the fixed part 12 to the magnet 6;
this is usually achieved by providing glue between the fixed part 12 of the
MEMS die 90 and the magnet 6.

[0015] During use an electric current ‘i’ is passed through the first
actuation coil 5 which is connected to the moveable part 4. As the first
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actuation coil 5 is submerged in the magnetic field ‘B’ created by the
magnet 6 the first actuation coil 5 will provide a Laplace force which will be
applied to the moveable part 4. The Laplace force will cause the moveable
part 4, and thus the micro mirror 8, to oscillate about the first oscillation
axis 7. An electric current ‘I’ is also passed through the second actuation coil
15 which is connected to the support frame 2. As the second actuation coil
15 is also submerged in the magnetic field ‘B’ created by the magnet 6, the
second actuation coil 15 will provide a Laplace force which will be applied
to the support frame 2. The Laplace force which is applied to the support
frame 2 by the second actuation coil 15 will cause the support frame 2, and
thus the moveable part 4 which is connected to the support frame 2 via the
torsional arms 13a,b, to oscillate about the second oscillation axis 17.
Accordingly the micro mirror 8 will be oscillated about the first and second
orthogonal oscillation axes 7,17. If the micro mirror 8 reflects light as it is
oscillating about the first and second orthogonal oscillation axes 7,17 the
reflected light will be scanned in two dimensions e.g. horizontal and
vertical. This will, for example, enable combined light beams which the
micro mirror 8 receives, to be scanned across the area of a projection screen
in, for example, a zig-zag pattern.

[0016] One of the typical drawbacks of current assembly of the MEMS
die 10,90 and magnet 6 are the combination of mechanical stability,
electrical conductivity and mechanical integration into sub-system
components. Current solutions do not provide an optimum combination on
these parameters.

[0017] MEMS micro-mirror devices such as devices 1,20 shown in figures
6a,b and 7 have small dimensions are difficult to handle. The difficulty in
handling typically becomes a problem when the MEMS micro-mirror devices
are to be incorporated onto a PCB board; accurate positioning of the MEMS
micro-mirror devices on the PCB board is difficult to achieve as the MEMS
micro-mirror devices are very easily displaced. Furthermore, MEMS micro-
mirror devices may fall or may become lost while being handled. This is
particularly true in cases where the MEMS micro-mirror devices are being
integrated manually onto a PCB board.
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[0018] Itis an aim of the present invention to obviate or mitigate at
least some of the above-mentioned disadvantages.

Brief summary of the invention

[0019] According to the present invention there is provided a method of
manufacturing a MEMS micro mirror assembly, comprising the steps of,

mounting a PCB board on a metallic plate, mounting a MEMS device on the
PCB board, wherein the MEMS device comprises a MEMS die and a magnet.

[0020] The metal plate may comprise ferromagnetic material. The metal
plate may be a ferromagnetic plate.

[0021]  Advantageously, the MEMS device is held in position on the PCB
board by the magnetic attraction between the magnet of the MEMS device
and the metallic plate. Preferably the thickness of the PCB board is such
that a magnetic field generated by the magnet of the MEMS device
submerges at least part of the metallic plate, to provide a magnetic
attraction between the magnet of the MEMS device and the metallic plate.
Another advantage of the solution is that parallel assembly of a plurality of
MEMS micro mirror assemblies can be easily executed, which is otherwise
very difficult as the magnets from each of the MEMS micro mirror
assemblies would tend to attract or repel each other thereby becoming
displaced.

[0022]  Preferably the PCB board is a flexible PCB board. The PCB board
may be a PCB foil.

[0023] The PCB board may further comprise one or more pads which are
used to electrically connect the MEMS device to the PCB board. The PCB
board may further comprise one or more electrical pads which are used to
electrically connect the MEMS micro mirror assembly to electrical contacts
of another electrical component. The one or more pads which are used to
electrically connect the MEMS micro mirror assembly to electrical contacts
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of another electrical component, may be arranged to mechanically directly
contact the electrical contacts of another electrical component.

[0024] The step of mounting the MEMS device on the PCB board, may
comprise the steps of first mounting the magnet of the MEMS device on
the PCB board and then mounting the MEMS die on the magnet.

[0025] The MEMS die may have any of the features of the known MEMS
die of the MEMS devices shown in Figures 6a,b and 7. Preferably the
moveable part comprises a micro mirror. The movable part may be
configured to oscillate about a single oscillation axis or to oscillate about
two orthogonal oscillation axes. The movable part may further comprise an
actuation coil. The actuation coil may be attached to the movable part or
may be embedded in the moveable part.

[0026] Preferably the step of mounting the MEMS die on the magnet
comprises fixing the MEMS die to the magnet. The step of fixing the MEMS
die to the magnet may comprise gluing the MEMS die to the magnet.

[0027] The step of mounting the MEMS device on the PCB board may
comprise fixing the MEMS device to the PCB board. The step of fixing the
MEMS device to the PCB board may comprise gluing the MEMS device to
the PCB board.

[0028] The method may further comprise the step of aligning the
magnet of the MEMS device with alignment marking which is provided on
the PCB board.

[0029] The method may comprise the step of mounting a plurality of
MEMS devices on the PCB board.

[0030] The method may further comprise the step of dividing the PCB
board to provide a plurality of mechanically independent MEMS assemblies,
each MEMS assembly comprising a single MEMS device mounted on a PCB
board. For example, the PCB board could be divided by cutting the PCB
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board. The dividing or segmenting of the PCB board may be achieved by
dicing, tearing the PCB board manually or cutting the PCB board with a
knife. The PCB board may further comprise lines of mechanical weakness.
These lines of mechanical weakness may be defined by pre cut portions of
the PCB board. This will facilitate the dividing or segmenting of the PCB
board to provide a plurality of mechanically independent MEMS micro
mirror assemblies.

[0031] The method may further comprise the steps of, mounting an
alignment mask on the PCB board, wherein the alignment mask comprises
a grid, and using the grid of the alignment mask to position one or more
MEMS devices on the PCB board when mounting the one or more MEMS
devices on the PCB board.

[0032] The grid may be configured to define a plurality of rectangular
apertures each aperture suitable for receiving a MEMS device. Each
rectangular aperture may further comprise a cut-out which is located at at
least one corner of the rectangular aperture. The cut out may be a circular
cut out. The grid may comprise chamfered sides such that the cross
sectional area of a rectangular aperture at a first side of the alignment
mask is larger than the cross sectional area of the rectangular aperture at a
second, opposite, side of the alignment mask. The sides of the grid which
define each of the rectangular apertures may be chamfered.

[0033] The method may further comprise the step of securing the
alignment mask to the PCB board. The method may further comprise the
step of removing the alignment mask from the PCB board, after the or each
MEMS device has been mounted on the PCB board.

[0034] The step of using the grid of the alignment mask to position the
plurality of MEMS devices on the PCB board may comprise, positioning a
single MEMS device in one or more apertures defined in the grid, and
arranging each MEMS device so that at least a first and second side of each
MEMS device contacts the grid.
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[0035] The method may comprise the step of positioning a MEMS device
such that a first and second side of a MEMS device abuts the grid of the
alignment mask and an edge of the MEMS device, which is located at an
interface between the first and second sides, is located in a cut-out which is
provided in the grid, so that the edge of the MEMS device remains remote
from the grid when the first and second sides of the MEMS device abut the
grid. The cut-out may be located at a corner of the rectangular aperture.

[0036] The first and second sides of the MEMS device may be first and
second sides of the magnet of the MEMS device.

[0037] The method may comprise the step of adjusting the size of the
PCB board so that sides of the PCB board are aligned with sides of the
alignments mask when the alignment mask is mounted on the PCB board.
The method may comprise the step of adjusting the size of the PCB board
so that the length and width of the PCB board is equal to the length and
width of the alignment mask. The PCB board may be dimensioned such
that four sides of the PCB board are aligned with four sides of the MEMS
device; this will provide for a compact assembly.

[0038] The method may comprise the step of adjusting the size of the
PCB board so that only two sides of the MEMS device are aligned with
three sides of the PCB board, when the MEMS device is mounted on the

PCB board.

[0039] The method may comprise the step of adjusting the size of the
PCB board so that only three sides of the MEMS device are aligned with
three sides of the PCB board, when the MEMS device is mounted on the

PCB board.

[0040] The method may comprise the step of adjusting the size of the
PCB board so that when the MEMS device is mounted on the PCB board a
first extension portion is provided which is defined by a part of the PCB
which extends from beneath the MEMS device. The method may comprise
the step of adjusting the size of the PCB board so that when the MEMS
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device is mounted on the PCB board a first and second extension portion is
provided which are defined by parts of the PCB which extend in opposite
directions from beneath the MEMS device.

[0041] The method may further comprise the step of electrically
connecting the MEMS device to the PCB board. The step of electrically
connecting the MEMS device to the PCB board may comprise arranging the
PCB board such that electrical pads on the PCB board directly contact
electrical pads on the MEMS device. The step of electrically connecting the
MEMS device to the PCB board may comprise arranging one or more wire
bonds to electrically connect one or more electrical pads on the PCB board
to one or more electrical pads on the MEMS device.

[0042] Preferably the step of electrically connecting the MEMS device to
the PCB board may comprise arranging two or more wire bonds to
electrically connect an electrical pad on the PCB board to an electrical pad
on the MEMS device.

[0043] The method may further comprise the step of arranging a
protective material to form an enclosure which encloses the one or more
wire bonds. Using multiple wire bonds will advantageously increase the
reliability of the connection as if one wire bond breaks the other wire
bonds will maintain the electrical connection.

[0044] The PCB board may further comprise electrical pads.
[0045] The MEMS device may further comprise electrical pads.

[0046] The wire bonds may comprise Anisotrope Conductive Film (ACF).
The Anisotrope Conductive Film may be mechanically and electrically
attached to electrical pads provided on the MEMS die by applying pressure
and/or heat to the ACF. The Anisotrope Conductive Film may be
mechanically and electrically attached to electrical pads provided on the
PCB board by applying pressure and/or heat to the ACF. The ACF may
comprise a metal part which is connected to said electrical pads.
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[0047] The method may comprise the step providing conductive glue
between an electrical pad and wire bond to electrically connect the wire
bond to the electrical pad. The conductive glue may comprises be protected
by a glop-top, thick glue, epoxy or resist.

[0048] The method may comprise the step of using a glue to fix the
MEMS die on the magnet. The method may comprise the step of using a
glue to fix the MEMS device on the PCB board. The method may comprise
the step of using a glue to fix the PCB board on the metallic plate. The glue
may comprise epoxy glue, silicon glue, cyano-acrylate. These glues can be
cured for improving the adhesion.

[0049] The method may further comprise the step of mounting one or
more electronic components, on the PCB board. The one or more electronic
components may comprise at least one of connectors, photodiode, active or

passive electronics.

[0050] The flexible PCB may have alignment marks to help on the
assembly. Alignment marks can either be made using same metallic section
present in the flexible PCB, or by screen printing, by a photolithography
process or laser writing. The method may comprise the step of aligning the
alignment mask with the alignment marks. The method may comprise the
step of aligning the MEMS device with the alignment marks.

[0051] The flexible PCB may have locally, mechanically, re-enforced
areas in order to provide higher mechanical stability. For example the
flexible may be locally re-enforced in the regions of the wire bonds, so as to
prevent mechanical stresses on the PCB from detaching the wire bonds
from electrical pads. The mechanically, re-enforced areas may be areas of
increased thickness. The method may comprises the step of providing
electrically conductive lines parallel to, and adjacent to, the mechanically,
re-enforced areas of the PCB board. The method may comprises the step of
arranging the electrically conductive lines to electrically connect the one or
more pads which are used to electrically connect the MEMS device to the
PCB board, to the one or more electrical pads which are used to electrically
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connect the MEMS micro mirror assembly to electrical contacts of another
electrical component.

[0052] The PCB board may further comprise alignment marks to
facilitate the alignment of the MEMS device on the PCB board. The method
may comprise the step of aligning the MEMS device with the alignment
marks on the PCB board.

[0053] The alignment mask may further comprise alignment marking to
facilitate the alignment of the MEMS die with the magnet. The method
may comprise the step of aligning the MEMS die with alignment marking
provided on the alignment mask. The method may comprise the step of
providing alignment marks on the alignment mask by using same metallic
section present in the flexible PCB, or by screen printing, by a
photolithography process or laser writing.

[0054] All the alignment, positioning and attaching steps can be made
manually, semi-automatically or automatically, using pick-and-place
equipment for example.

[0055] According to the present invention there is provided a method of
manufacturing an optical system, comprising the steps of manufacturing a
MEMS micro mirror assembly according to any of the above-mentioned
method steps, and integrating the MEMS micro mirror assembly into an
optical device which comprises one or more laser diodes, arranging the
MEMS micro mirror assembly such that it receives light from at least one of
the laser diodes.

Brief Description of the Drawings

[0056] The invention will be better understood with the aid of the
description of an embodiment given by way of example only and illustrated
by the figures, in which:
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Figures 1a and 1b, illustrate a step in an exemplary method of
manufacturing a MEMS micro mirror assembly, according to the present
invention;

Figure 2 provides a perspective view of the alignment masks used in
step illustrated in Figures 1 a and 1b;

Figure 3 illustrates a further step in an exemplary method of
manufacturing a MEMS micro mirror assembly, according to the present

invention;

Figure 4 illustrates a further step in an exemplary method of
manufacturing a MEMS micro mirror assembly, according to the present
invention;

Figures 5a and b provide perspective views of an exemplary MEMS
micro mirror assembly which is manufacture using the method of the
present invention;

Figure 6a provides a plan view of a known MEMS micro-mirror
device; Figure 6b provides a cross sectional view of the MEMS micro-mirror
device shown in Figure 6a, taken along line A-A’ of Figure 6a;

Figure 7 provides a plan view of another known MEMS micro-mirror

device.

Detailed Description of the drawings

[0057] Figures 1a and 1b, illustrate a step in an exemplary method of
manufacturing a MEMS micro mirror assembly, according to the present
invention. The step involves mounting a PCB board 205 on a metallic plate

206.

[0058] The PCB board 205 may be a flexible. Preferably the PCB board
205 is segmented to enable the PCB board 205 to be easily divided; to
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divide the PCB board 205 the segments of the PCB board 205 are simply
separated from one another to provide a plurality of mechanically
independent, smaller sized, PCB boards. Each segment may be defined by
grooves which a provided on the PCB board 205; at the grooves the PCB
board 205 will have reduced thickness thus facilitating the separation of
the segments from one another. It will be understood that the segments
could be defined in any other suitable manner; for example the PCB board
205 may be partially cut to provide lines of mechanical weaknesses in the
PCB board 205, the individual segments may be defined by these line of
mechanical weaknesses.

[0059] Once the PCB board 205 has been mounted on the metallic plate
206, an alignment mask 204 is then mounted on the PCB board 205. The
alignment mask 204 may be secured to the PCB board 205 by providing
screws or fasteners in screw holes 207 which are provided on an outer-
frame 208 of the alignment mask 204.

[0060] If the PCB board 205 is larger than the alignment mask 204, then
the method may comprise the step of adjusting the size of the PCB board
205s0 that sides 211a,b,¢,d of the PCB board 204 can be aligned with sides
213,a,b,c,d of the alignments mask 204, when the alignment mask 204 is
mounted on the PCB board 205. The size of the PCB board 205 may be
easily adjusted by simply removing segments of the PCB board 205; an
appropriate number of segments are removed until the length and width
of the PCB board 205 is equal to the length and width of the alignment
mask 204.

[0061] Figure 2 provides a perspective view of the alignment mask 204.
The alignment mask comprises a grid 215. The grid 215 defines a plurality
of rectangular apertures 216, each aperture suitable for receiving a MEMS
device. A circular cut-out 218 is provided at one of the corners of each of

rectangular apertures 216.

[0062] Side portions 221 of the grid 215 which define each of the
rectangular apertures 216 are chamfered, such that the cross sectional area
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of a rectangular aperture 216 at a first side 219 of the alignment mask 204
is smaller than the cross sectional area of the rectangular aperture 216 at a
second, opposite, side 220 of the alignment mask 204.

[0063] Referring now to Figures 3 and 4 there is illustrated further steps
in the exemplary method.

[0064] When the PCB board 205, metallic plate 206 and alignment mask
204 are mounted on one another, they form a stack 230. A MEMS device
240 is then mounted on the PCB board 205. In this example the MEMS
device 240 comprises a MEMS die 241 and a magnet 231. It will be
understood that the magnet 231 may be a single permanent magnet or a
collection of magnets which are connected to from a single magnetic
component. The MEMS die 241 may comprises any of the features of the
known MEMS die 1, 20 discussed in the introduction.

[0065] In this example the MEMS device 240 is mounted piece-wise on
the PCB board 205; first the magnet 231 is mounted on the PCB board 205
and then the MEMS die 241 is mounted on the magnet 231. Figure 3
illustrates the step of mounting the magnet 231 on the PCB board 205.
Figure 4 illustrates the step of mounting the MEMS die 241 on the magnet
231.

[0066] It will be understood that alternatively the MEMS die 241 could
be first mounted on the magnet 231 to form the MEMS device 240 and the
MEMS device 240 would then mounted on the PCB board 205.

[0067] Asshown in Figure 3 the grid 215 of the alignment mask 204 is
used to position the magnet 231 (and thus the MEMS device 240) on the
PCB board 205. The magnet 231 is positioned in one of the apertures 216
of the grid 215. The magnet 231 is arranged so that a first side 233 and
second side 235 of the magnet 231 abut the grid 215 of the alignment
mask 204 and an edge 237 of the magnet 231, which is located at an
interface between the first and second sides 233,235, is located in a cut-out
218 so that the edge 237 of the magnet 231 remains remote from the grid
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215 when the first and second sides 233,235 of the magnet 231 abut the
grid 215. The circular cut-out 218 enables precise positioning of the magnet
231 as the magnet does not then abut round corner but only linear
perpendicular sides 233,235; the positioning of the magnet is achieved
using the first and second sides 233,235 of the magnet, rather than using
one single corner 237 of the magnet 231.

[0068] The magnet 231 may be secured to the PCB board 205 using glue.
Thus before mounting the magnet 231 on the PCB board 205 a layer of
glue may be applied to the portion of the PCB board on which the magnet
231 will be mounted or may be applied to an under-surface of the magnet
231. The glue will fix the magnet 231 to the PCB board 204.

[0069] The chamfered side portions 221 of the grid 215 will ensure that
glue, which squeezed out from under the magnet 231 when the magnet
231 is mounted on the PCB board 204, does not contact the alignment
mask 204.

[0070] Once the magnet 231 has been mounted on the PCB board 204
the MEMS die 241 is then mounted on the magnet 231, as shown in Figure
4. The MEMS die 241 is fixed to the magnet 231 using any suitable fixing
means; in this example the MEMS die 241 is fixed to the magnet 231 using

glue.

[0071]  The magnetic field which is generated by the magnet 231 of the
MEMS device 240 will pass through the PCB board 205 to the metallic plate
206. Preferably, the thickness of the PCB board 205 is such that a magnetic
field generated by the magnet 231 submerges at least a portion of the
metallic plate 206. The magnetic attraction between the magnet 231 and
the metallic plate 206 will maintain the MEMS device 240 in a fixed position
on the PCB board 205; a force which is greater than the magnetic force
between the magnet 231 and metallic plate 206 will be required to move
the MEMS device 240. Thus the MEMS device 240 cannot be easily displaced
as the glue between the magnet 231 and PCB board 205 is drying.
Furthermore, due to the magnetic attraction between the magnet 231 of
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the MEMS device 204 and the metal plate, the MEMS device 240 will be less
likely to fall or may become lost while being handled.

[0072] The above-mentioned steps are repeated if it is required to
mount a plurality of MEMS devices 240 on the PCB board 205. Each of the
apertures 216 of the grid 215 in the alignment mask 204 can be used to
position each of the plurality of MEMS devices 240 on the PCB board 205 in
the manner previously described.

[0073]  Once the plurality of MEMS devices 240 have been mounted on
the PCB board 205 the alignment mask is then removed from the stack 230
i.e. the alignment mask 204 is dismounted from the PCB board 205. The
PCB board 205 is then divided to provide a plurality of mechanically
independent MEMS micro mirror assemblies, each MEMS micro mirror
assembly comprising a single MEMS device 240 mounted on a portion of
the PCB board 205. The PCB board 204 could be divided using any suitable
means, for example the PCB board 204 may be divided by cutting the PCB
board using a cutting tool or simply could be segmented by hand if the PCB
board is has lines of mechanical weaknesses.

[0074] When the PCB board is cut the mechanically independent MEMS
micro mirror assemblies remain in a fixed position on the metallic plate 206
due to the magnetic attraction between the magnets 231 of the MEMS
devices 240 and the metallic plate 206. This facilitates handling of the
MEMS micro mirror assemblies and also reduces the risk of a MEMS micro
mirror assembly becoming lost or displaced, for example because of
attraction between magnets of different MEMS micro mirror assemblies to

one another.

[0075] For each MEMS micro mirror, each of the MEMS devices 240 are
then electrically connected to the portion of the PCB board 205 on which
they are mounted. Electrical connection can be achieve a number of ways;
for example, by arranging the PCB board such that electrical pads on the
PCB board directly contact electrical pads on the MEMS device, or by
arranging one or more wire bonds to electrically connect one or more
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electrical pads on the PCB board to one or more electrical pads on the
MEMS device. Optionally, a protective material may be arranged to form an
enclosure which encloses the one or more wire bonds.

[0076] Figures 5a and b provide perspective views of a MEMS micro
mirror assembly 250 according to an embodiment of the present invention.

[0077] A MEMS micro mirror assembly 250 comprises a MEMS device 240
mounted on the PCB board 205. The PCB board 205 comprises a portion
205b on which the MEMS device 240 is mounted and a first extension
portion 205a which extends from beneath the MEMS device 240. lllustrated
in Figure 5a as a dashed-line the PCB board 205 may comprise a second
extension portion 205¢ which extends from beneath the MEMS device 240
in a direction opposite to the first extension portion 205a.

[0078] The MEMS device 240 comprises a MEMS die 241 and a magnet
231. The MEMS die may comprise any of the features of the MEMS die
mentioned in the introduction. In this example, the MEMS die comprises a
first support frame 2, first and second torsional arms 3a,b, the moveable
part 4, the MEMS micro mirror 8, and first actuation coil 5, define
collectively a MEMS die 10

[0079] It will be understood that the PCB board 205 may be further
mounted on a metallic plate 206.

[0080] The MEMS device 240 is electrically connected to the PCB board
205 by means of a plurality of wire bonds 252 which electrically connect
two electrical pads 253a,b on the PCB board 205 to two electrical pads
255a,b on the MEMS device 240. In this example the two electrical pads
253a,b are provided on the first extension portion 205a of the PCB board
205; however it will be understood that the two electrical pads 253a,b
could be provided on a second extension portion 205¢ of the PCB board
205. In this example two wire bonds 252 electrically connect each electrical
pad 253a,b on the PCB board 205 to each electrical pad 255a,b on the
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MEMS device 240. It will be understood that any number of electrical pads
may be provided on the PCB board 205 or MEMS device.

[0081] The PCB board 205 further comprises conductive lines 257 which
are arranged to electrically connect the electrical pads 253a,b on the PCB
board 205 to secondary electrical pads 259a,b which comprises vias 257a,b.
The secondary electrical pads 259a,b are usable to connect the MEMS micro
mirror assembly 250 to electrical contacts of another electrical component.
For example, if the MEMS micro mirror assembly 250 is to be integrated
into a projection device, the MEMS micro mirror assembly 250 may be
electrically connected to the projection device by means of the secondary
electrical pads 259a,b. Optionally, the secondary electrical pads 259a,b may
be provided on a first extension portion 205a of the PCB board 205 and the
two electrical pads 253a,b could be provided on a second extension portion
205¢ of the PCB board 205. The PCB board 205 may be flexed so that the
secondary electrical pads 259a,b contact the appropriate electrical contacts
in the projection device for integration.

[0082] As shown in Figure 5b the MEMS micro mirror assembly 250 may
optionally, further comprise a protective sheet 261 which is arranged to
form an enclosure 263 which encloses the plurality of wire bonds 252. The
protective sheet 261 protects the wire bonds 252 from mechanical tearing
and or shearing and from dust and humidity.

[0083] It will be understood that in each of the embodiments each of
the electrical pads 253a,b on the PCB board 205 and/or each of the
electrical pads 255a,b on the MEMS device 240, could each be double sided.
Preferably, the electrical pads 253a,b on the PCB board 205 are double
sided, meaning that electrical contact to the electrical pads 253a,b can be
achieved at opposing sides of the PCB board 205 e.g. at both an upper and
lower surface of the PCB board 205.

[0084] Various modifications and variations to the described
embodiments of the invention will be apparent to those skilled in the art
without departing from the scope of the invention as defined in the
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appended claims. Although the invention has been described in
connection with specific preferred embodiments, it should be understood
that the invention as claimed should not be unduly limited to such specific
embodiment.
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Claims

1. A method of manufacturing a MEMS micro mirror assembly
(250), comprising the steps of,
mounting a PCB board (205) on a metallic plate (206);
mounting a MEMS device (240) on the PCB board (205),
wherein the MEMS device (240) comprises a MEMS die (241) and a magnet

(231);
mounting an alignment mask on the PCB board, wherein the

alignment mask comprises a grid;
using the grid of the alignment mask to position one or more
MEMS devices on the PCB board when mounting the one or more MEMS

devices on the PCB board;
wherein the step of using the grid of the alignment mask to

position one or more MEMS devices on the PCB board comprises,
positioning a single MEMS device in one or more apertures defined in the
grid, and arranging the or each MEMS device so that at least a first and
second side of the or each MEMS device contacts the grid.

2. A method according to claim 1 wherein the step of mounting
the MEMS device on the PCB board, comprises the steps of first mounting
the magnet of the MEMS device on the PCB board and then mounting the

MEMS die on the magnet.

3. A method according to any one of the preceding claims
wherein the step of mounting the MEMS device on the PCB board
comprises fixing the MEMS device to the PCB board.

4, A method according to any one of the preceding claims
comprising the step of mounting a plurality of MEMS devices on the PCB
board.
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5. A method according to claim 4 comprising the step of dividing
the PCB board to provide a plurality of mechanically independent MEMS
assemblies, each MEMS assembly comprising a single MEMS device
mounted on a segment of the PCB board.

6. A method according to any one of the preceding claims
wherein the method further comprises the step of securing the alignment
mask to the PCB board before the one or more MEMS devices are mounted
on the PCB board, and removing the alignment mask from the PCB board
after the or each MEMS device has been mounted on the PCB board.

7. A method according to any one of the preceding claims
wherein the method comprises the step of positioning a MEMS device such
that a first and second side of a MEMS device abuts the grid of the
alignment mask and an edge of the MEMS device, which is located at an
interface between the first and second sides, is located in a cut-out which is
provided in the grid, so that the edge of the MEMS device remains remote
from the grid when the first and second sides of the MEMS device contact

the grid.

8. A method according to any one of the preceding claims
further comprising the step of electrically connecting a MEMS device to the
PCB board by arranging one or more wire bonds to electrically connect one
or more electrical pads on the MEMS device to one or more electrical pads

on the PCB board.

9. A method according to claim 8 comprising the step of
arranging one or more wire bonds to electrically connect one or more
electrical pads on the MEMS device to one or more electrical pads provide
on a first extension portion on the PCB board which extends from beneath

the MEMS device.

10. A method according to claim 8 or 9, wherein the PCB board
comprises a first and second extension portions which each extend from
beneath the MEMS device, comprising the step of arranging one or more
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wire bonds to electrically connect one or more electrical pads on the MEMS
device to one or more electrical pads provide on the second extension
portion of the PCB board. ‘

1. A method according to any one of claims 8-10 further
comprising the step arranging a protective material to form an enclosure
which encloses the one or more wire bonds.

12. A method according to any one of the preceding claims
comprising the step of fixing the MEMS device to the PCB board and
dismounting a PCB board from the metallic plate after the MEMS device is
fixed to the PCB board.

13. A MEMS micro mirror assembly (250) comprising,

a MEMS device (240) mounted on the PCB board (205),
wherein the MEMS device (240) comprises a MEMS die (241) and a magnet
(231), wherein the PCB board (205) is further mounted on a metallic plate
(206); an alignment mask which is mounted on the PCB board, wherein the
alignment mask comprises a grid; and wherein the MEMS device is
positioned in an aperture defined in the grid, and arranging so that at least
a first and second side of the MEMS device contacts the grid.



