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(54) Title: TWO-SIDED TORSIONAL HINGED MIRROR

(57) Abstract: A torsional hinged mirror structure having back-to-back reflective surfaces and suitable for use in a laser printer
& imaging system is disclosed. There is also disclosed an optical layer and a support structure that does not interfere with either of the
two incident light beams as the two reflected beam sweeps. A hinge plate structure 10 comprises a center section 12 having a first
side 14 and a second side 16, a pair of torsional hinges 18a and 18b, and a pair of anchor members 20a and 20b. Anchor members
20a and 20b may be replaced by a support frame 20. Preferably, the hinge plate 10 is etched, laser milled, or otherwise formed from

a silicon substrate to include a pair of support spines 22a and 22b.
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TWO-SIDED TORSIONAL HINGED MIRROR

The invention relates to torsional hinged mirrors having back-to-back reflective
surfaces and methods of their manufacture. The two-sided mirror is particularly suitable
for use in a Laser Scanning Imager of a Laser Printer.

BACKGROUND

Pivoting or oscillating torsional hinged mirrors provide very effective, yet
relatively inexpensive replacements for spinning polygon shaped mirrors previously used
in black and white laser printers and some displays. Unfortunately, color laser printers
with torsional hinged drive engines have not been as successful in replacing color inkjet
printers. The primary reason for this is the larger volume and desktop footprint that laser
printers require when compared to color ink jet printers. To successfully compete in the
personal computer and the desktop printer market, a color printer system is required that
can easily fit on a desktop and occupy as little volume as possible. Since color ink jet
printers have small footprints and low price points, they represent the vast share of the
market for desktop color printers.

Some laser printer manufacturers try to compete with ink jet printers by using the
well-known spinning polygon mirror. According to these systems, two laser light beams
are directed toward a spinning polygon mirror from opposite sides. The two light paths are
then folded and aligned to form an image and to reduce the overall required volume and
footprint. These systems use only one polygon and are lower cost than the older multi-
polygon systems. Unfortunately, all of the problems associated with spinning polygon
mirror are étill present.

Therefore, it would be advantageous to provide a torsional hinged drive engine
having a smaller footprint and requiring less overall volume that is suitable for use with a
color printer.

SUMMARY

The invention provides a torsional hinged mirror structure having back-to-back
. reflective surfaces and a method of manufacturing such mirror.

More specifically, the torsional hinged mirror structure of described embodiments
comprises a center hinge plate having a pair of torsional hinges that extend away from a

center section or member along a pivot axis. The hinge plate is preferably a MEMS device
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formed from a silicon layer or substrate. Each hinge of said pair of hinges includes a first
end supported by a support structure. To facilitate mounting the torsional hinges,
embodiments of the invention further include a support frame or first and second anchors
attached to the first end of each of the torsional hinges. The second end of each of the
torsional hinges is attached to and integrated with the central section or member of the
hinge plate. The center section or member also includes first and second sides such that it
is free to oscillate on the torsional hinges about the pivoting axis. The back surface of first
and second mirror layers each having a back surface and a reflecting surface is bonded
one each to said first and second sides of the center members of the hinge plate such that
the reflecting surfaces face in opposite directions, and are substantially parallel to each
other.

To use the torsional hinged mirror as a drive engine for a laser printer, there is also
included a drive source that oscillates the torsional hinge mirror around ité pivot axis at a
selected frequency. The selected frequency is preferably the resonant frequency of the
mirror. A first modulated beam of light is directed toward and reflected from one of the
reflective surfaces, and in a similar manner, a second modulated beam of light is directed
toward and reflected from the other reflective surface that is opposite the first reflective
surface. Therefore, it will be understood that the two reflective surfaces and the two
modulated light beams generate two modulated light beams that sweep through a selected
angle for each oscillation of the mirror.

As will be appreciated by those skilled in the art, the drive source that maintains
oscillations of the mirror device at its resonant frequency and with the desired amplitude
cannot obscure or interfere with either of the incident light beams or the reflected
sweeping light beams. Consequently, an inertia drive source such as provided by four
piezoelectric elements coupled two each to each of the torsional hinges, or a permanent
magnet attached on or proximate to one or both of the torsional hinges and that cooperates
with a drive coil have been found to be especially suitable.

It will also be appreciated that the torsional hinged mirror must also be mounted or
supported so that both reflective surfaces can receive and reflect a light beam. To this end,
a slotted structure for supporting the torsional hinges mirror so that there is no

interference with either of the two light beams has also been found to be particularly
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effective.
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A is a perspective view of a torsional hinged mirror having two reflective
surfaces according to the teachings of the invention;

FIG. 1B is an exploded view of the mirror structure of FIG. 1A;

FIG. 2 is an optical layout of a torsional hinges mirror with two reflective surfaces,
two laser beam sources and the resulting beam sweeps of the reflected laser beams;

FIG. 3A is a perspective view of two torsional hinges mirrors of the invention with
an inertia drive source and a slotted support structure;

FIG. 3B is an enlarged view of the mirror and inertia drive structure, the two
beams of light from the laser sources and the two reflected beam sweeps;

FIG. 3C is a further enlarged view of the mirror and inertia drive structure;

FIG. 4A is a perspective view of the torsional hinged mirror of the invention with
the two laser sources and a permanent magnet and coil drive source mounted on a slotted
support structure;

FIG. 4B is an enlarged view of the mirror and magnet drive structure;

FIGS. 5A and 5B show alternate permanent magnet and coil drive source
structures suitable for use with the invention; and

FIG. 6 illustrates a simple version of the torsional hinged mirror of this invention
made or formed from a single layer of silicon.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

FIGS. 1A and 1B show a torsional hinged mirror structure incorporating the
teachings of the invention. As shown, there is a hinge plate structure 10 comprising a
center section 12 having a first side 14 and a second side 16, a pair of torsional hinges 18a
and 18b, and a pair of anchor members 20a and 20b. Anchor members 20a and 20b may
be replaced by a support frame 20, as indicated by the dashed lines in FIG. 1A.
Preferably, the hinge plate 10 is etched, laser milled, or otherwise formed from a silicon
substrate to include a pair of support spines 22a and 22b.

A first two level mirror plate or structure 24 and a second mirror plate or structure
26 are bonded one each to the first and second sides 14 and 16 of hinge plate 10.

According to the illustrated embodiment and as can better be seen in the exploded view of
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FIG. 1B, each of the mirror plates 24 and 26 have two levels that include a first truss level
30 having spines 32a and 32b and a mirror level 34 that is integral with the truss level 30.
Each of the mirror plates includes a reflective or mirror surface as indicated by reference
number 36a and 36b. The two mirror plates are also preferably etched or laser milled from
a silicon substrate.

FIG. 2 illustrates a simplified optical layout for the two reflecting surfaces of the
torsional hinged mirror structure of the invention. As shown, a double sided oscillating
mitror 38 is at rest in a neutral position, and pivots about an axis 40 between a first
extreme position 38a and a second extreme position 38b. A first light source 42 directs an
incident beam 44 such as a modulated laser beam onto a first reflective surface (the right
hand surface in the figure) of the oscillating mirror 38 that reflects incident beam 44 in a
different direction. As the mirror structure 38 oscillates between the two extreme positions
38a and 38b, the reflected beam 46 sweeps through a deflection angle that extends
between the first outside limit 46a and a second outside limit 46b. In a similar manner, a
second light source 48 directs an incident modulated light beam 50 at the second
reflective surface (the left hand surface in the figure). The reflected light beam 52 also
sweeps between a first outside limit 52a and a second outside limit 52b as the mirror
oscillates between the first extreme position 38a and the second extreme position 38b.
Thus, it can be seen that the torsional hinged mirror can generate a light beam sweep from
each of the reflective surfaces at the same time. Although not shown, it will be
appreciated by those skilled in the art that the reflected light beams can then be folded and
aligned with each other on a photosensitive medium to produce a single image. It will also
be appreciated that the two sources 42 and 48 of the light beams 44 and 50 must be
positioned such that the structure supporting the mirror or the drive source that creates the
oscillations does not interfere with either the incident light beams 44 and 50 or the
reflected sweeping light beams 46 and 52.

FIGS. 3A and 3B illustrate an inertia drive mechanism and a slotted éupport
structure that does not interfere with the light beams and is suitable for use with the
torsional hinged mirror structure having two reflective surfaces of this invention. FIG. 3C
is an enlarged view of the mirror structure and the piezoelectric drive source of FIGS. 3A

and 3B. Elements similar to the elements discussed above with respect to FIGS. 1A, 1B,
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and 2 carry the same reference numbers.

FIGS. 3A and 3B illustrate the two laser sources 42 and 48 directing laser beams
44 and 50 respectively to the two reflecting surface 36a an 36b of torsional hinged mirror
38 as it pivots on torsional hinges 18a and 18b about axis 40. Also, as shown, there is a
support structure 54 defining a slot 56. The mirror structure 38 is supported on four
piezoelectric elements 58a, 58b, 58c, and 58d that are driven at a selected frequency that
preferably is substantially equal to the resonant frequency of the torsional hinged minor
38, so as to cause the mirror 38 to oscillate at the resonant frequency. As shown in the
figures and more specifically in FIG. 3C, torsional hinges 18a and 18b are connected to
anchor members 20a and 20b. A first pair of piezoelectric elements 58a and 58b attached
anchor member 20a on each side of the torsional hinge 18a to the support structure 54 (not
shown in FIG. 3C). Similarly, a second pair of piezoelectric elements 58c and 58d is
attached to anchor member 20b on each side of the torsional hinge 18b. The arrows 59a,
59b, 59¢, and 59d illustrate the movement of the piezoelectric elements that creates the
oscillating motion. Importantly, it is seen that with the slotted structure 54 and the
position of the laser sources, there is no interference with the incident beams 44 and 50 or
either of the two full beam sweeps by the support structure 54 or laser sources 42 and 48.

In addition to the inertia system discussed with respect to FIGS. 3A, 3B, and 3C, a
permanent magnet and coil arrangement may also be used to cause oscillation of the
torsional hinged mirror. The structure support 54 and laser sources 42 and 48 shown in
FIGS. 4A and 4B is similar to that of FIGS. 3A, 3B, and 3C, except that the locations of
the laser sources 42 and 48 have been moved to illustrate that various arrangements are
possible. The drive system of the embodiment of FIGS. 4A and 4B illustrate a similar
mirror structure except magnet mounting areas 60a and 60b are included on the torsional
hinge for supporting and mounting permanent magnets 62a and 62b. Also included are
electrical coils 64a and 64b, which create a magnetic flux field that interacts with the
permanent magnets to cause oscillation of the mirror structure.

FIGS. 5A and 5B illustrate two additional torsional hinge structures that use
permanent magnets and electrical coils as a drive source suitable for the two reflective
surfaces of the torsional hinged structure of this invention.

The torsional hinged structures of FIGS. 5A and 5B are similar to the structure of
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FIG. 4B except that the magnet mounting areas 66a and 66b are not on the torsional
hinges, but attached to the anchors 20a and 20b. The magnet mounting areas 66a and 66b
are, however, in line with the torsional hinges and lie on the pivot axis. To help maintain
the oscillations of the mitror at the resonant frequency and at the desired deflection
amplitude with minimal power, the torsional hinges, according to the embodiments of
FIGS. 5A and 5B, are attached to the anchors 20a and 20b with a reduced area of material.
According to the embodiment of FIG. 5A, notches 68a and 68b separate the mounting
areas 66a and 66b from the anchors 20a and 20b, except for the small areas at 70a and
70b. FIG. 5B operates in a somewhat similar manner except rather than cutting notches in
the anchor, the areas 72a, 72b, 72¢, and 72d that attach the torsional hinges 18a and 18b to
the anchors 20a and 20b are thinned or reduced in thickness.

Referring now to FIG. 6, there is illustrated a very simple version of the invention
that can be etched or laser milled from a single silicon substrate or layer of material. As
shown, the center portion or mirror, the torsional hinges 18a and 18b and the anchors 20a
and 20b are all formed from the single layer of silicon. It will be appreciated that both
sides of the silicon layer must be equally reflective if they are to act as reflective surfaces
24 and 26.

Those skilled in the art to which the invention relates will appreciate that various
additions, deletions, substitutions, and other modifications may be made to the described

examples, without departing from the scope of the claimed invention.
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CLAIMS:

1. A torsional hinged mirror structure having two reflective surfaces,
comprising:

a pair of torsional hinges extending along a pivot axis, each hinge of said pair
having a first end for mounting to a support structure and a second end;

a center portion located between and supported by said second end of each one of
said pair of torsional hinges such that said center portion can oscillate freely about said
pivot axis,

said center member having a first side and a second side opposite said first side;

a first reflective surface on said first side of said center portion; and

a second reflective surface on said second side of said center portion.

2.  The torsional hinged mirror structure of claim 1, wherein said pair of
torsional hinges, said centerportion and each of said first and second surfaces are formed

from a single layer of silicon.

3. The torsional hinged mirror structure of claim 1 or 2, wherein said pair of
torsional hinges and said center portion comprises a hinge plate and said first reflective
surface comprises a first mirror layer bonded to said first side of said hinge plate and said
second reflective surface comprises a second mirror layer bonded to said second side of

said hinge plate.

4.  The torsional hinged mirror structure of claim 1 or 2, wherein said first ends
of each one of said pair of torsional hinges are mounted such that said torsional hinge
structure is free to oscillate about said hinges, further comprising a drive source coupled
to said torsional hinged mirror stnictﬁfe to oscillate said two reflective surfaces about said
pivot axis through a selected deflection angle, a first beam of light directed toward and
reflected from said first reflective surface and a second beam of light directed toward and
reflected from said second reflective surface such that said reflected first and second

beams of light sweep through said selected deflection angle.
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5. The torsional hinged mirror of claim 4, further comprising a first and second
anchor member connected to said first end of each one of said pair of torsional hinges;
and wherein said drive source is an inertia drive source that comprises two pairs of
piezoelectric actuators, one pair of said piezoelectric actuators mounted to one of said
anchor members and the other pair of piezoelectric actuators mounted to said second

anchor member.

6. The torsional hinged mirror of claim 4, further comprising a first and second
anchor member connected to said first end of each one of said pair of torsional hinges;
and wherein said drive source comprises a first permanent magnet mounted to a magnet
support area defined on said first anchor along said pivot axis; and further comprising a
first drive coil mounted proximate said first permanent magnet to provide a magnetic

drive flux that interacts with said first permanent magnet to cause said oscillations.

7. The torsional hinged mirror structure of claim 6, wherein said magnet area on
said first anchor is defined by a slot separating said anchor member form said magnet

support area except for a portion proximate said pivot axis.

8. The torsional hinged mirror structure of claim 6, further comprising a second
permanent magnet mounted on a second magnet support area defined on said second
anchor member along said pivot axis and further comprising a second drive coil mounted

proximate said second permanent magnet.

9. The torsional hinged mirror structure of claim 4, wherein a magnet mounting
area is defined on at least one of said torsional hinges and wherein said drive source
comprises a first permanent magnet mounted on said magnet mounting area and a first

drive coil mounted proximate said first permanent magnet.

10. A method of fabricating a torsional hinged mirror system having two
reflective structures for reflecting two separate beams of light as sweeping beams of light

‘comprising the steps of:
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providing a torsional hinged mirror having a center portion with two reflecting
surfaces facing away form each other;

mounting said torsional hinged mirror on a support structure, said support
structure defining a slot and said mirror mounted on said structure such that said mirror is
supported above said slot with a first one of said reflecting surfaces facing said slot in said
support structure and the other reflecting surface facing away from said support structure;

directing a first beam of light through said slot and onto said first reflecting
surface facing said slot and such that said first beam of light is reflected;

directing a second beam of light onto said other reflecting surface that faces away
from said support structure and such that said second beam of light is reflected; and

oscillating said torsional hinged mirror around said torsional hinges such that each
of said first and second reflected beams of light sweep back and forth, said first reflected

beam of light also passing through said slot defined in said support structure.
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