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METHOD TO MAINTAIN PHASE DIFFERENCE OF POSITIONING MIRROR
RELATIVE TO RESONATING MIRROR

The invention relates to a video display comprising a high speed scanning mirror and
a decoupled slow speed positioning mirror that moves orthogonally to the high speed mirror
for generating scan or image lines to produce an image. The invention further relates to
synchronizing the orthogonally moving low frequency mirror with the incoming video
signals. More particularly, the invention relates to adjusting and maintaining the phase
difference between the low frequency mirror and the sweep of the high speed scanning
mirror that displays the first image line as a selected constant.

BACKGROUND

In recent years torsional hinged high frequency mirrors (and especially resonant high
frequency mirrors) have made significant inroads as a replacement for spinning polygon
mirrors as the drive engine for laser printers. These torsional hinged high speed resonant
mirrors are less expensive and require less energy or drive power than the earlier polygon
MiITors.

As a result of the observed advantages of using the torsional hinged mirrors in high
speed printers, interest has developed concerning the possibility of also using a similar mirror
system for video displays that are generated by scan lines on a display surface.

Standard CRT (cathode ray tube) video systems for displaying such scan-line signals
use a low frequency positioning circuit, which synchronizes the display frame rate with an
incoming video signal, and a high frequency drive circuit, which generates the individual
image lines (scan lines) of the video. In the prior art systems, the high speed circuit operates
at a frequency that is an exact even multiple of the frequency of the low speed drive signal
and this relationship simplifies the task of synchronization. Therefore, it would appear that a
very simple corresponding torsional hinged mirror system would use a high speed torsional
hinged scanning mirror to generate scan lines and a slower torsional hinged mirror to provide
the orthogonal motion necessary to position or space the scan lines and thereby produce a
raster “scan” similar to the raster scan of the electron beam of a CRT. Unfortunately, the

problem is more complex than that. The scanning oscillations of a high speed resonant
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scanning mirror cannot simply be selected to have a frequency that is an exact even multiple
of the positioning motion of the low frequency mirror.

More specifically, the orthogonal positioning motion and, consequently, the low
frequency mirror drive signal must be tied to the incoming image frame rate of the video
signals to avoid noticeable jumps or jitter in the display. At the same time, however, the high
frequency mirror must run or oscillate at substantially its resonant frequency, since driving a
high-Q mirror at a frequency only slightly different than the resonant frequency will result in
a significant decrease in the amplitude of the beam sweep (i.e. reduce the beam envelope).
This would cause a significant and unacceptable compression of the image on the display.
Therefore, the high speed mirror drive is decoupled from the low speed mirror drive. That is,
as mentioned above, the high speed drive signal cannot simply be selected to be an even
multiple of the low speed drive signal.

However, in a video display, each frame of incoming video signals representing video
pixels (such as might be received from a DVD player or a VCR player) must still be
faithfully reproduced. This means, each pixel of each successive frame of video must be
properly located on the screen of the display in both the vertical and horizontal directions if
distortions are to be avoided. At the same time, however, and as described above in a
torsional hinged mirror based video system, the low frequency mirror drive must still be
synchronized to the flow rate of the incoming video signals, and the high speed mirror must
oscillate at its resonant frequency. Therefore, since the resonant frequency of the high speed
mirror may vary from unit to unit because of manufacturing variables or with environmental
condition, the high speed mirror must be decoupled from the low speed or orthogonal
moving mirror. At the same time, the individual pixels of an image must be properly located
in both the vertical and horizontal direction to assure high quality images.

Therefore, a mirror based video system that can meet these requirements would be
advantageous.

SUMMARY

The invention provides a method of preventing variations in the vertical positioning

of the first scan line of an image frame. More specifically, the method comprises the step of

generating a cyclic drive signal (such as for example a sinusoidal or repetitive triangular
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drive signal) to position the low frequency mirror. The cyclic drive signal will include upper
and lower peak portions (i.e. where the drive signal reverses the mirror direction), and
display portions.

The phase difference between the movement of the sweep of the high speed resonant
mirror that displays the first image line and the low speed positioning mirror is determined.
The phase difference is then maintained at a constant value by increasing or decreasing a
selected portion of the low speed drive signal. The amount of increase or decrease of the
drive signal is selected to achieve two results. First, the amount is selected such that the
mirror is synchronized to the incoming frame rate. It is then further adjusted so that the phase
difference between the two mirrors is a constant at the point where the first scan line begins.

A display portion of the drive signal is sandwiched between a lower peak portion and
an upper peak portion, and corresponds to the mirror positions where an image or partial
image frame is generated in the display. The “frame” of video may comprise a complete
image or a partial image. As an example, an image may be comprised of interlaced odd and
even fields and a first frame may be the even fields and the second frame the odd fields such
that the two frames are required for a complete image. Further, as will be appreciated by
those skilled in the art, each of the odd and even fields may be divided in two parts such that
four frames of the data are required for a complete image. It will also be appreciated, that
each of the received frames of video signals may arrive at a fixed frequency or the frames
may vary from a fixed frequency, as can occur in the case of a stretched VCR tape. The
invention may also be used to synchronize the mirror to a desired precise waveform having a
standard frequency, for example, of 59.92 Hz.

Therefore, according to another embodiment of the invention, the low speed
positioning mirror is synchronized with the incoming data frame rate, by adjusting one of the
peak or turn around portions of the cyclic drive signal by compressing or expanding so that
each frame of video starts at the same position on the low frequency drive signal. To
accomplish this, an “arming” signal is generated. The timing of the “arming” signal
occurrence is calculated to occur at substantially the same location for each cycle of the low
frequency positioning signal. However, it will also be appreciated that the data signals or

pixels representing each scan line must also be distributed so that the first pixel of each scan
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line is always positioned at substantially the same horizontal location on the high speed beam
sweep. Consequently, the data for each scan line is stored in a buffer so that the distribution
of the data during a beam sweep can be synchronized with the scanning mirror.
Synchronizing the incoming data signal with the slow speed mirror will typically be a coarse
adjustment followed by vertical positioning of the first scan line as a fine adjustment.

According to another embodiment, the step of generating the low speed cyclic drive
signal may comprise repetitive generation of a series of discrete values that in turn generate
one cycle of the drive signal, and the step of adjusting the peak portions of the drive signal
for both synchronizing with the incoming data signal and/or for precise positioning of the
first scan lines comprises increasing and/or decreasing the number of discrete values and
therefore the timing making up the peak portion that drives or positions the low frequency
mirror. To synchronize the incoming data signals with the low speed mirror additional
discrete values may expand the peak portion (i.e. increase the cycle time). Alternately, in
some situations, the number of discrete values may be decreased to compress the peak
portion (i.e. decrease cycle time) of the drive signal. Such increasing or decreasing the peak
portion of the low frequency drive signals may be accomplished according to one
embodiment of the invention by generating a multiplicity of discrete values that may be
optionally selected or not selected as required for a specific cycle. All of the discrete values
are stored in a circular buffer and this large number of discrete values include a “surplus” or
number of discrete values that is in excess of the number required for a nominal cycle. The
circular buffer creates the cyclic motion of the drive signal. The required time to complete
the turn around or peak portion of the drive signal and start a new cycle that is synchronized
with the incoming image signals may then be provided by positioning the restart or wrap
around pointer to include the proper number of the multiplicity of discrete values.

According to yet another embodiment compressing or expanding a portion of the
cyclic drive signal comprises modifying the sample time or clock-rate at which a selected
number of the cyclic drive discrete samples are delivered.

According to the invention, movement of the low speed mirror to a selected position
of the drive cycle “arms” the system for the display of each frame at a selected location(s) in

its travel; and movement of the high speed resonant mirror to a selected position of each
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resonant cycle generates a “trigger” signal, which initiates the release of a data stream
representing one complete scan line from a buffer. It should be appreciated that there may be
hundreds of “trigger” points, which represent the hundreds of scan lines, for each “arming”
point, which represents the start of an image frame or partial frame.

In one embodiment, the "arming" signal is based on sensors, which monitor the
position of the low-speed mirror. Alternately, in another embodiment, the position is inferred
or calculated based on the driving waveform, which will have a substantially constant phase
lead relative to the actual position. This embodiment may allow the elimination of sensors
resulting in lower system cost and complexity. However, due to the greater variations in the
phase between the high speed mirror drive signal and the high speed mirror position,
calculated values for the trigger signals may not be accurate, and therefore, a sensor will
typically be required to generate the "trigger" signals.

The foregoing has outlined rather broadly the features and technical advantages of the
invention in order that the detailed description of the invention that follows may be better
understood. Additional features and advantages of the invention will be described
hereinafter, which form the subject of the claims of the invention. It should be appreciated by
those skilled in the art that the conception and specific embodiment disclosed may be readily
utilized as a basis for modifying or designing other structures or processes for carrying out
the same purposes of the invention. It should also be realized by those skilled in the art that
such equivalent constructions do not depart from the spirit and scope of the invention as set
forth in the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A and 1B illustrate, respectively, low speed (scan line positioning) and high
speed (resonant scanning) cyclic signals for driving the mirrors about their axis;

FIG. 1C is the same as FIG. 1A, except a triangular low speed drive signal is
illustrated rather than a sinusoidal drive signal;

FIG. 2A illustrates an image frame generated by a torsional hinged mirror operating
at resonant frequency and at full sweep amplitude;

FIG. 2B illustrates an image frame similar to that of FIG. 2A, except the resonant

mirror is operated off of resonance and at less than full sweep amplitude;
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FIGS. 3A and 3B show how the cyclic low speed drive signal of FIG. 1A is stretched
or compressed according to the teachings of the invention to properly synchronize the low
speed mirror to the incoming video signal;

FIGS. 4A and 4B show a circular buffer with an adjustable pointer that determines
the wrap around or end point of the buffer;

FIGS. 5A and 5B are simplified diagrams illustrating a torsional hinged mirror
display system using two single axis mirrors;

FIG. 5C is a simplified diagram illustrating another embodiment comprising a single
dual axis mirror that replaces the two single axis mirrors; and

FIG. 6 is a prior art figure showing displays of high frequency video frames where the
scan mirror operates at an exact even multiple of the low frequency positioning mirror.

DETAILED DESCRIPTION OF THE EMBODIMENTS

The making and using of the presently preferred embodiments are discussed in detail
below. It should be appreciated, however, that the invention provides many applicable
inventive concepts that can be embodied in a wide variety of specific contexts. The specific
embodiments discussed are merely illustrative of specific ways to make and use the
invention, and do not limit the scope of the invention.

Referring now to prior art FIG. 6, there is illustrated the interaction of a high speed
horizontal scanning drive signal and a low speed (vertical) or scan line positioning signal
used to control a prior art electronic display formed by a raster scan, such as for example a
CRT display. The terms “horizontal”, used with respect to scanning drive signals, and
“vertical”, used with respect to the beam positioning signals, are for convenience and
explanation purposes only, and it will be appreciated by those skilled in the art that the scan
lines could run vertically and the positioning signals could position the vertical scan lines
horizontally across a display screen.

As shown in FIG. 6, four typical frames of video such as indicated by image
boxes 10a, 10b, 10c, and 10d are generated during the same (substantially linear) portion of
each cycle of the slow speed sinusoidal drive signal represented by curve 12. More
specifically, if the slow speed positioning signal has a frequency of 60 Hz, then in the

example of FIG. 6, sixty different frames of video (i.e. complete images), rather than the four
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as illustrated, will be generated in one second. Therefore, if as shown in the figure, the
frequency of the high speed or scanning drive signal is an exact even multiple of the
frequency of the low speed signal, then each successive video frame will start and be located
at the same position on a CRT display screen. For example, if transition point 14 is at the
exact peak of the drive signal, it represents both the end point of each cycle of the electron
beam positioning slow speed drive signal and the start point of the next cycle of the drive
signal. Therefore, the starting location of a frame of video shown as point 16 will be selected
to always occur a certain time period after transition point 14 and can be selected to represent
the start point (or placement of the first line) of each frame. Likewise point 18 will be the end
point (or placement of the last line) of each frame. In the prior art CRT example of FIG. 6,
the electron beam retraces or travels in a reverse direction between the lowest point 20 and
peak point 14 of the low frequency cycle as the electron beam of the CRT is repositioned for
the next frame of video signals. As discussed above, the portion of the low frequency drive
signal between points 16 and 18 is substantially linear and is referred to hereinafter as the
display portion, whereas the transition top peak point 14 and the lowest peak point 20 not
only are not located during a linear portion of the signal, but as mentioned represent where
the positioning drive signal actually stops and reverses the direction of the electron beam.
These reverse or “turn-around” portions (above line 22 and below line 24) of the drive signal
are referred to hereinafter as the upper and lower peak portions or transition points of the
drive signal.

FIG. 1A is similar to FIG. 6 and represents the positioning or slow speed drive signal
of a positioning mirror according to the invention, but does not illustrate the frames of video.
As an example only, the slow speed or positioning mirror may oscillate on the order of 60
CPS (cycles per second) or Hz in a manner similar to the slow speed electron beam drive
signal discussed above with respect to prior art FIG. 6. FIG. 1B represents the scanning drive
signal and/or the corresponding scanning position of a high speed resonant mirror according
to the teachings of the invention. However, it is not shown to scale with respect to FIG. 1A
and, although possible, is not likely at all to be an exact even multiple frequency of the slow
speed drive signal. For example, the resonant frequency of a scanning torsional hinged

mirror, such as illustrated in FIG. 1B, may be on the order of 20 kHz, 30 kHz, or greater.
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FIG. 1C is similar to FIG. 1A, except as shown, the slow speed cyclic drive signal has a
repetitive triangular shape rather than a sinusoidal shape. The portion of the curve above and
below lines 22 and 24 respectively still represent the upper and lower peak (or turn-around)
portions of the mirror movement, and the portion of the curve between lines 22 and 24 still
represent the display portion of the signal and/or mirror movement where the video frame is
generated.

Therefore, it will be appreciated that if the scanning speed of a torsional hinge
resonant mirror as represented by the graph of FIG. 1B could simply be selected to be an
exact even multiple of the speed of the slow speed positioning mirror, synchronization of a
mirror display system could be accomplished in a manner similar to that for a raster scan
electron beam display system as discussed above. Unfortunately, although resonant mirrors
can be manufactured within reasonable tolerances, the actual resonant frequencies cannot be
controlled so that the resonant speed of each mirror of a group of mirrors formed on a silicon
wafer could be precisely manufactured as an exact even multiple of a speed selected for the
slow speed mirror. Further, as was disclosed above, driving a high speed resonant mirror at a
speed only slightly off of its resonant frequency can drastically reduce the sweep amplitude
of the mirror, or alternately the mirror may require a significant increase in the energy
required to drive the mirror so as to maintain an equivalent sweep amplitude. FIG. 2A
illustrates a frame of video generated by a resonant mirror operating at resonance and at full
amplitude. FIG. 2B illustrates the same frame of video where the resonant mirror is operating
off of its resonant frequency with the resulting significantly reduced sweep amplitude.

Another problem that must be dealt with using a mirror driven system is that for some
types of video storage media, a stream of data signals comprising adjacent frames of video
may be non-periodic. That is, successive data frames are not always received with the same
timing, and consequently, would not appear at the same location on the display without
compensation. As an example, if the video storage media is a VCR tape, a portion of the tape
may be stretched, and consequently, the frames of data will not be received with the same
timing. That is, each frame of data is not received at a constant rate and, therefore, would not
be precisely located at the same position on the display without some means of

compensation. The invention solves these various issues by allowing the high speed mirror to
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always run at its resonant frequency and asynchronously controlling or coupling the cyclic
beam positioning signals that drive the slow speed or positioning mirror to each frame of the
incoming video signals. The data or signals comprising an image frame typically include a
timing signal (or sync or interrupt signal) that can be used to precisely determine the start or
end of the next image frame. This allows the slow speed mirror to be synchronized with the
incoming data signals so that the image frame may be properly positioned to start at the same
point of the display portion during the slow speed mirror movement for each image frame.
More specifically, an “arming” signal is generated at a selected location during the mirrors
travel. This “arming” signal is synchronized with the interrupt or timing signal that is
included with each frame of data.

To accomplish this, a sinusoidal (or repetitive triangular shape) slow speed cyclic
drive signal may be generated wherein each point (y) of the drive signal can be expressed as
a function of time (i.e. y = f(t)), where “t” represents discrete time values from 0, 1, 2, 3, etc.
to an end point “T” such that after the end point is reached, the cyclic drive signal returns to
the “0” or exact peak start value, and continually repeats. Therefore, assuming a frame of
incoming video data is received and stored (or buffered), and if the first line of each frame is
to be synchronized or positioned so that it is provided at a particular point of the slow speed
signal subsequent to the interrupt, then adjusting the end point “T” of the drive signal allows
the start position of each data frame on a display to be precisely located whether the
frequency of the incoming data varies or is fixed.

It is also important, of course, that the data representing each scan or image line be
distributed so that the data (pixels) are properly displayed or located in both the horizontal
and vertical directions on the display screen during the display portion of the sweep of the
resonant mirror. More specifically, the first and last pixels of each line of an image must start
and end at substantially the same horizontal location on the display for each sweep of the
resonant mirror. In addition, the first line of an image frame or partial frame must be located
at substantially the same vertical location for each display cycle. To accomplish starting (and
consequently stopping) the scan line at the same horizontal location, the display system of
this invention may include a sensing device or devices and the corresponding feedback

circuitry to allow the actual position of the mirror to be determined at one or more selected
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points during each repeating cycle. Consequently, the position of the scanning mirror can be
accurately calculated at any other point of time during the high speed beam sweep. Further,
an accurate start and end point of an image line during a sweep of the high speed resonant
mirror can also be determined. Consequently, a “trigger” signal that accurately initiates the
release of data from a buffer or storage is generated for each scan or image line to assure that
the image signals representing an image line are released from storage and displayed
precisely between the start and end points. As mentioned, the timing of the “trigger” signal
can be accurately calculated since the frequency of the scanning mirror is known as well as
when the mirror is at one or more precise positions during a beam sweep. Thus, the signals
representing each line of an image can be initiated or released from the buffer by the
“trigger” signal. As will also be appreciated, there will be several hundred “trigger” signals
for each “arming” signal and the corresponding image frame.

Referring to FIG. 3A, there is illustrated a condition where the incoming frame of
data is received at a rate slightly slower than nominal. That is, the time between successive
transition peak points “T” 14 is greater than nominal. Consequently, to assure proper vertical
position or placement of the first scan line, a peak portion of the cyclic drive signal is delayed
or expanded by a computed amount or time period as representative by the double arrow 30,
extending between the end point 14a of a cycle and the exact peak or start point 14b of the
next cycle. As shown, this additional time period 30 delays or “expands” the top peak portion
of the drive signal, and consequently, the exact peak or start point 14b of the next cycle.
Thus, the start point 16 of each data frame can be determined and positioned at substantially
the same y-axis location on the display screen or media by referring to the following
equations:

1) y(t)=A*cos (2* 7 *t/T) for t =0 to T; and
2) y(©O=y(T) for t > Tpom
where A = amplitude of drive signal and Tyon is the nominal number of samples.

FIG. 3B illustrates the opposite condition, wherein successive transition points occur
more rapidly than the transition point 14 of the nominal sinusoidal drive signal.
Consequently, the peak portion of the positive signal is compressed or occurs earlier than

nominal to assure that each image frame is properly placed. As shown, the positive peak
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portion of the drive signal is compressed by removing portions of the drive signal between
the end point 14a and the exact peak or start point 14b. This effectively reduces the count “T”
in the above discussed equations. Further depending on the resolution chosen for discrete
time steps, this process may amount to adding or subtracting a single sample, i.e., “T”” may
be constant to within a single count.

An effective method of expanding or compressing the peak portion of the drive signal
between the end point 14a of one cycle and the exact peak or start point 14b of the slow
speed drive signal of the next cycle is to generate a table of values representative of a cyclic
signal such as for example a sinusoidal cyclic signal as illustrated in FIG. 1A or a repetitive
triangular shaped signal as illustrated in FIG. 1C. These values are stored in a circular buffer
memory such as buffer 32 illustrated in FIGS. 4A and 4B that are provided at a fixed clock
rate to a D/A converter, which in turn provides the drive signal used to position the slow
speed mirror. As shown in FIG. 4A, circular buffer 32 includes a multiplicity of storage
locations 34a-34n for storing the table of values as discussed above. Further, for purposes of
explanation only, buffer 32 illustrates a first group 36 of stored values representing the
display portion of the drive signal, a second group 38 representing the bottom or lower peak
portion, a third group 40 representing the blanked retrace portion of the drive signal, and a
fourth group 42 representing the top or upper peak portion of the drive signal. However,
since according to the described embodiment, discussed with respect to FIGS. 3A and 3B, it
is necessary to always start at the exact peak 14b of the signal waveform, group 42 of the
stored discrete values is illustrated as being divided into portions 42a and 42b. Portions
identified by 42a represent a first portion of the top or upper peak portion 42 having a fixed
and minimum number of discrete values, and reference number 42b represents discrete
values for a second or adjustable portion of the drive signal. As discussed above and as will
be appreciated by those skilled in the art, each discrete value is clocked out of the circular
buffer 32 in sequence and then as indicated by dashed arrow 44, when the last value
(representing end point 14a) of stored group 42 as determined by pointer 46 is clocked out of
the buffer, the sequence starts over at the beginning location 34a of the buffer. As shown in
FIG 4B, pointer 46 can be set to any position or data storage location of the buffer between

value 34x and 34y. Location 34a is the exact peak value of the drive signal and corresponds
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to peak or start point 14b of FIGS. 3A and 3B. This peak point adjusting process is
continually repeated for each cycle to provide the cyclic drive signal. In a typical circular
buffer, the number of stored values will typically be the same or fixed for each cycle.
However, to allow the positive transition portion of the cyclic signal, represented by the
group 42 of discrete values, to be adjusted by expansion or compression as discussed above
and according to the invention, the top or positive peak portion 42 (or according to an
alternate embodiment the bottom peak portion 38) will include a number of discrete values
stored in storage locations of the buffer 32 that can be greater than or less than the number
required for a nominal drive signal. The extra number (or reduced number) of drive signal
points or discrete values allows the timing of the peak 14b of the signal waveform to be
adjusted. Thus, the number of discrete values between the end point (as calculated) 14a and
the start point 14b of the buffer at “T”” is adjusted by positioning the pointer 46 between the
extreme left (34x) and the extreme right (34y) locations as indicated in FIG. 4B to include a
selected or calculated number of the discrete values necessary to achieve the desired
synchronization regardless of whether the timing needs to be increased or decreased.

Simply put, to expand the transition portion of the drive signal, a number of the
discrete values that is larger than the number required for a nominal drive signal are included
by pointer 46. On the other hand to compress the cycle and the start point 14b, the pointer 46
is moved or adjusted to include a number of the discrete values that is less than that required
for a nominal signal. To assure the necessary flexibility of the system, portion 42 of the
buffer will always include the number of discrete values required for a minimal allowable
complete cycle (indicated at 42a). To this minimum number of discrete values, a sub-group
of additional discrete values (42b) are included that will be sufficient to expand the cycle to a
level well beyond which would normally be required. Thus, upon receiving the timing or
interrupt signal, the number of additional discrete values in sub group 42b required to expand
or compress the drive cycle is determined or calculated and the pointer moved to the
appropriate location. Therefore, when the buffer outputs the value at the last location as
indicated by pointer 46, representative of end point 14a, it then outputs the discrete value at
the beginning location 34a of the buffer representing the peak point 14b. Thus, the period for

each cycle of the slow speed drive signal is determined and adjusted for each image frame to
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assure proper positioning of the image on the display screen. It should be appreciated that the
circular buffer will typically include a much larger number of discrete value storage locations
than show in FIGS. 4A and 4B. Instead of the six locations shown at bracket 42a and the 2D
illustrated at bracket 42b. The number of actual storage locations could be several hundred
times greater to assure sufficient resolution.

For many applications, if not most, the adjustment discussed above will satisfactorily
position the image frame on the display screen. However, for very high quality displays, a
further adjustment may be necessary to precisely control the vertical position or first line of
the image frame.

More specifically, as was discussed above, an “arming” signal is generated when the
slow speed positioning mirror is at a particular position in its back and forth cyclic travel.
The “arming” signal is used to vertically position the first scan line of an image frame. Also,
as was discussed, a “trigger” signal is generated during each cycle of the high speed mirror to
release the image data from a storage buffer and start the display of each scan line at the
appropriate horizontal location. If the “phase difference” between the “arming” signal
generated by the slow moving mirror and the “trigger” signal generated for the first scan line
by the resonant mirror was a constant value, the first scan line would always start at
substantially the same vertical and horizontal positions for each image frame. However, since
the high sped resonant mirror is not synchronized with the slower speed positioning mirror
and is not an exact even multiple of the slower speed positioning mirror, the phase difference
between the “arming” signal and the “trigger” signal will likely change for each image frame,
which will cause the vertical position of the first scan line of an image frame to vary between
two different vertical positions or adjacent scan lines (i.e., vertical positions).

This one scan line variation may be better understood by referring to FIG. 1B. If as an
example, line 26a represents the location of the trigger pulse that starts the output or display
of data into a scan line and line 26b represents the location of the last bit of a scan line, a
frame of image will be displayed on the screen between lines 26a and 26b. In the illustrated
example of FIG. 1B, the portion of each drive cycle between lines 26a and 26b indicated by
heavy lines represents the portion of the drive signals at which a line of data will be

displayed. The portions of the drive signal between lines 26a and 26b that are not shown by
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heavy lines represent a retrace. Further, if the “arming” signal for an image frame generated
by the position of the slow speed mirror occurs on the part of the cyclic drive signal indicated
by bracket 47a or before, the first scan line will be displayed between lines 26a and 26b of
the high speed drive signal as indicated by double headed arrow 48a. However, if the
“arming” signal occurs at any point on the drive signal after point 49a that means the circuit
was not armed at the time of the trigger signal at line or point 49a. Therefore, the unarmed
“trigger” signal can not operate to release the data from the storage buffer so that the first
scan line can be displayed. This means that the display of the first line of data must wait until
the next “trigger” signal occurs, as is indicated at 49b. Consequently, the first line of an
image will be displayed on the heavy portion of the cyclic drive signal as indicated by the
double headed arrow 48b. In the embodiment shown, the heavy line portion 48b is one
display or scan line away from heavy line portion 48a. As discussed above, the location of
the “arming” signal with respect to the “trigger” signal will continuously vary since the high
speed signal is not an exact even multiple of the low speed signal and therefore, without
compensation, the first line of display of an image frame will vary or jitter between the first
two top scan lines as indicated by double headed arrows 48a and 48b. The location difference
between the occurrence of the arming and trigger signals is referred to as the phase
difference.

This jitter problem is solved according to the invention by maintaining the phase
difference at a constant value. This approach is effective since a constant value for the phase
difference means the “arming” signal will always occur at substantially the same position on
the high speed drive cycle or at the same phase difference as was discussed above with
respect to FIGS. 4A and 4B. Consequently, the first line of data will always be at
substantially the same vertical position.

Therefore, according to a first embodiment of the invention, since the speed of both
mirrors is known, and since the movement or position of both mirrors can be precisely
determined at a specific time, the phase difference can be maintained as a constant by adding
or removing a calculated number of the storage locations in the same manner as discussed
above with respect to FIGS. 3A and 3B. However, the number of storage locations or discrete

values added or subtracted to fine adjust and maintain the phase difference as a constant will
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typically be significantly less than the number discussed above for synchronizing the
incoming data stream with the low frequency positioning mirror.

It is also important to note that adjusting (expanding or compressing) the peak
portions of the cyclic slow speed drive signal is shown as being accomplished in the upper
peak portions of the drive signal (the portion above line 22), while the video signal is blanked
or cut off. It should also be appreciated that although FIGS. 3A and 3B illustrate the
adjustment as taking place in the upper or positive peak portions, similar effective
adjustments could be made in the lower peak portion (i.e. portions below line 24).
Alternately, a portion of the required adjustment could take place in the upper peak portions
and another portion in the lower peak portions. The above described embodiment is believed
to be an effective and suitable technique for maintaining the phase difference if the discrete
values or samples that generate the cycle are provided at a sufficiently high clock rate.
However, if a slow delivery or clock rate of the discrete value is used, the resolution may be
too low.

More specifically and referring again to equations 1) and 2) above, it will be
appreciated that the equations assume a constant clock rate or sample-time T for delivering
the discrete values. Therefore, as an example, if T = 10 microseconds, then the time between
two consecutive samples of the discrete values (e.g., y(1) and y(2)) would be 10
microseconds. Thus, if the image pixel delivery or clock rate is 20 MHz, then 200 image
pixels will be provided to the scan cycle for every discrete value of the drive cycle. It will be
appreciated that adding or dropping a drive cycle discrete value simply would not provide
sufficient resolution to maintain the necessary phase difference.

Therefore, a second embodiment for maintaining or adjusting the phase difference
between the arming signal and the trigger signal is to slightly modify the sample time T; or
clock rate at which a selected number of the cycle drive discrete samples are delivered. As an
example only, Ts may be modified from 10 microseconds (p) to 10.3 microseconds (u) for a
selected number of discrete values in the peak portion of the cycle and the nominal Ts would
then be restored before the display portion of the cycle. This approach provides significantly

improved resolution for maintaining the selected phase difference.
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It should also be appreciated that although the above detailed discussion has been
with respect to a “sinusoidal” slow speed drive signal, such as shown in FIG. 1A, the
discussion is equally applicable to the repetitive “triangular shaped” drive signal such as
illustrated in FIG. 1C. In addition, in the embodiments shown, the appropriate adjustment
could also occur during the return or travel of the drive signal back to the start point (i.e.
between points 20 and 14). However, to increase brightness, other embodiments of mirror
display systems may provide an image frame during the return or retrace portion of the slow
speed signal as well as the display portion so that the adjustment steps are preferably limited
to the upper and lower peak portions as discussed above.

Referring now to FIG. SA, there is a perspective illustration of an embodiment of the
invention as used in a visual display that uses two separate single axis mirrors, such as
discussed above, that pivot about their torsional hinges. As shown, a high frequency or
scanning single axis torsional hinged mirror 50 may be used in combination with a low
frequency or positioning single axis torsional hinged mirror 52 to provide a raster scan. A
light beam 54a from a source 56 is modulated by incoming signals on line 57 to generate
pixels that comprise the scan lines. The modulated light beam 54a impinges on the high
frequency resonant mirror 50 and is reflected from surface 58 as sweeping light beam 54b to
the reflecting surface 59 of the low frequency positioning mirror 52. Positioning mirror 52
redirects the modulated light beam 54c to a display surface 60, which may be a screen or
other light sensitive medium. The oscillations of the high frequency scanning mirror 50 (as
indicated by arcuate arrow 62) around pivot axis 64 results in light beam 54c¢ (the scan lines)
sweeping across the surface 60, whereas the oscillation of the positioning mirror 52 about
axis 66 (as indicated by double headed arrow 68) results in the scan lines being positioned
vertically (or orthogonally to the scan lines) on the display surface 60. It is again noted that
the terms horizontal and vertical are for explanation purposes only. Therefore, since the
scanning motion of light beam across display surface 60 may occur several hundred or even a
thousand times during the orthogonal movement in one direction of the low speed
positioning mirror 52, as indicated by arrow 70, a raster scan type image can be generated on
display surface 60 as indicated by image lines 72a, 72b, 72c, and 72d. According to another

embodiment, the light beam 54c may also be used to paint another image in the reverse
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direction as indicated by arrow 70a. To do this, the mirror travels back to the starting point
74 and then starts over.

Referring to FIG. 5B, there is another perspective illustration of an embodiment of
the invention using two separate single axis mirrors that pivot about their torsional hinges. As
shown, a high frequency or scanning single axis torsional hinged mirror 50 may be used in
combination with a low frequency or positioning single axis torsional hinged mirror 52 to
provide a raster scan type visual display. A light beam 54a from a source 56 is modulated by
incoming video signals and impinges on the low frequency positioning mirror 52. The
modulated light beam 54b is then reflected off of mirror surface 59 to reflecting surface 58 of
the high frequency oscillation or scanning mirror 50, which redirects the modulated light
beam 54c to display screen or surface 60. The oscillations (as indicated by arcuate arrow 62)
of the scanning mirror 50 about axis 64 results in light beam 54c sweeping across display
screen 60.

It will also be appreciated that oscillations of the positioning mirror 52 about axis 66
as indicated by double headed arcuate arrow 68 will move the reflected modulated light
beam 54b with respect to scanning mirror 50 such that the light beam 54b moves
orthogonally to the scanning motion of the light beam as indicated by line 76 in the middle of
reflecting surface 58. Thus, it will be appreciated that since the high frequency scanning
motion of the light beam 54c as indicated by image lines 72a, 72b, 72c, and 72d on display
screen 60 occurs several hundred or even a thousand times during a single orthogonal
movement of the low frequency positioning mirror, a raster scan type visual display can be
generated or painted on display screen 60 as indicated by arrow 70. The light beam 54c then
returns or travels back to the starting point 74 as indicated by arrow 70a.

The above discussion is based on two single axis torsional hinged mirrors. However,
as will be appreciated by those skilled in the art, a single dual axis torsional hinged mirror,
such as mirror structure 80 shown in FIG. 5C may used to provide both the high frequency
scanning motion about axis 64a as indicated by arcuate arrow 62, and the positioning or
orthogonal motion about axis 66, in the same manner as the oscillation of the individual
mirrors 50 and 52 discussed in the embodiment of FIGS. SA and 5B. The remaining elements

of FIG. 5C operate the same as in FIGS. 5A and 5B and consequently carry the same
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reference number. It should also be noted, however, that the modulated light beam 54a is
only reflected one time and, therefore, the reflected beam carries reference number 54d.

As was discussed above, the illustrated embodiments relate primarily to
synchronization of the incoming stream of video data signals with the motion of the slow
speed positioning mirror. In addition, the synchronization of the flow of (a scan line of) data
signals with respect to the actual position of the resonant mirror as determined by sensors and
a feedback circuit was briefly discussed. As was also discussed above, a “trigger” signal is
generated to initiate the release of a data stream from a buffer so that the image pixels are
precisely positioned or distributed across the beam sweep.

As will also be appreciated by those skilled in the art, according to another
embodiment, the motion and corresponding position of the low frequency positioning mirror
can be determined and/or reasonably predicted or calculated for any selected instant in time
from the actual signals used to drive, the low frequency mirror about its respective axis.
Further, for most embodiments, the low frequency mirror operates satisfactorily without the
use of external sensors to provide feedback of the actual position of the low frequency
mirror. Therefore, referring again to FIGS. 5A, 5B, and 5C as shown, there is a drive
mechanism 86 for positioning the low speed mirror 52 in response to a low frequency cyclic
signal such as illustrated in FIGS. 1A and 1B and which is received on input line 88. This
low frequency cyclic drive signal is also provided to computing circuitry 90 and, as discussed
above, may be used to determine or estimate the position of mirror 52.

Similarly, there is included a high speed drive mechanism 92 responsive to high
frequency signals on input line 94 for driving the high speed mirror at its resonant frequency.
The high frequency drive signals are also provided to computing circuitry 90. However, it
should be noted, that the position of the high speed resonant mirror 50 cannot accurately be
determined or inferred from the drive signal, and consequently, as discussed above, an
external sensor 96a (or sensors 96a and 96b) along with a feedback circuitry connected to
computing circuitry 90 is required to determine the position of the high speed resonant
mirror. Then, as shown, the “trigger” signal is calculated and provided on line 98 to buffer

100 to initiate the release or distribution of the data stream for each scan line.
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FIGS. 5A and 5B also illustrate that sensors 102a and 102b may be included to
monitor the actual position of the low frequency mirror, just as sensors 96a and 96b were
used to monitor the actual position of the high speed mirror. However, as was also
mentioned, for most applications, it is not necessary to include such sensors for the low speed
MiITors.

Those skilled in the art to which the invention relates will appreciate that the
described embodiments are merely examples, and that other embodiments and variations of
the described embodiments may be used to implement the principles of the claimed

invention.
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CLAIMS

What is claimed is:

1. In a video display system comprising a high speed scanning mirror for
generating scan lines of a frame of video and a low frequency oscillating mirror for
orthogonally positioning said scan lines, a method of preventing variations in the position of
a first scan line of an image frame comprising the steps of:

generating a cyclic drive signal to oscillate said low frequency mirror; said
cyclic drive signal defining peak portions;

synchronizing frames of incoming video signals for display with the
oscillation of said low frequency positioning mirror;

determining a phase difference between the movement of the sweep of said
high speed resonant mirror that displays a first image line and said slow speed mirror; and

adjusting said phase difference to be a constant such that the first scan line of
each image frame starts at the same vertical location.

2. The method of Claim 1, wherein said step of adjusting said phase difference
comprises the step of expanding or compressing a portion of said cyclic drive signal.

3. The method of Claim 1, wherein said step of generating said cyclic drive
signal comprises the step of generating either a substantially sinusoidal shaped drive signal or
a repetitive substantially triangular shaped drive signal.

4. The method of Claim 2, wherein said step of generating said cyclic drive
signal comprises the step of generating a series of discrete values representative of at least
one cycle of said cyclic drive signal.

5. The method of Claim 4, wherein said step of expanding or compressing a
portion of said cyclic drive signal comprises increasing the number of discrete values
available for positioning said low frequency mirror to expand said one of said upper and
lower peak portions of said cyclic drive signal or decreasing the number of discrete values
available for positioning said low frequency mirror to compress said one of said upper and
lower peak portion of said cyclic drive signal.

6. The method of Claim 4 or 5, wherein said step of adjusting said phase

difference comprises the step of generating discrete values representative of a drive cycle;
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storing said discrete values in a circular buffer; and
positioning a pointer of said circular buffer to add or remove selected ones of
said discrete values to adjust said phase difference to a constant value.

7. The method of Claim 6, wherein the pointer adjusts the point in the buffer
where the circular buffer wraps back to the start location.

8. The method of Claim 4, wherein said step of expanding or compressing a
portion of said cyclic drive signal comprises modifying the clock rate for a selected number
of the cyclic drive discrete values.

9. The method of Claim 1 further comprising providing sensors to monitor the
actual position of said low frequency mirror.

10. The method of Claim 1 further comprising storing or buffering data signals for
each scan line, generating an arming signal when said low frequency mirror is at a selected
position, generating a trigger signal each time said high speed scanning mirror is at a selected
scan position, and initiating the delivery of said buffered data signals for each scan line by
said trigger signal.

11. The method of Claim 10 further comprising the step of sensing the actual
position of said scanning mirror and generating said trigger signal from said sensed positions.

12. The method of Claim 1, wherein said step of synchronizing further comprises
receiving said frames of incoming video signals, each said frame including a timing signal
and prior to said step of adjusting said phase difference adjusting a portion of said cyclic
drive signal to synchronizing said timing signal of each incoming frame of video signals with
said cyclic drive signal.

13. The method of Claim 12, wherein the period of said received frames of
incoming video signals varies.

14. The method of Claim 1, wherein each said frame of incoming video signal has
a first line of pixels, and said display portion of said drive signal defines a pixel start
location, and wherein said step of adjusting said peak portion of said cyclic drive signal
synchronizes said pixel start location with said first line of pixels of said frame of video.

15. The method of Claim 1 further comprising:

providing a drive signal to oscillate said scanning mirror at a known
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frequency;

storing a multiplicity of image signals, in a buffer, said multiplicity of signals
representing pixels comprising at least one of said plurality of scan lines;

determining when said oscillating scanning mirror passes a predetermined
location;

calculating the timing of a trigger signal in response to said known frequency
and said oscillating mirror passing said predetermined location; and

providing said trigger signal to initiate the release of said stored multiplicity of
image signals to generate said scan lines.

16. The imaging system of Claim 15, wherein said drive signal oscillates said
scanning mirror at substantially its resonant frequency.

17. The imaging system of Claim 15 further comprising at least one sensor for
determining when said oscillating mirror passes said predetermined location.

18. In an imaging system comprising a high speed resonant scanning mirror for
generating a plurality of scan lines to form an image frame, and a low frequency mirror for
orthogonally positioning said scan lines, a method of synchronizing said low frequency
mirror with frames of incoming imaging signals, and synchronizing said imaging signals
with said resonant scanning mirror comprising the steps of:

generating a cyclic drive signal to position said low frequency mirror along a
path defining upper and lower peak portions and a display portion;

receiving said frames of incoming imaging signals for being displayed, each
said frame including a timing signal;

adjusting one of said portions of said cyclic drive signal to synchronize said
cyclic drive signal with said timing signal of each incoming frame of said imaging signals;

generating an arming signal for starting an image frame;

providing a drive signal to oscillate said scanning mirror at its known resonant
frequency;

sequentially storing a multiplicity of said imaging signals in a buffer, said
sequentially stored multiplicity of signals representing pixels comprising each of said

plurality of scan lines comprising said image frame;
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determining when said oscillating scanning mirror passes a predetermined
location;

calculating the timing of “trigger” signals in response to said known
frequency and said resonant mirrors passing said predetermined location;

determining the phase difference between the movement of the sweep of said
high speed resonant mirror that displays the first image line and said low frequency mirror;

adjusting said phase difference to be a constant; and

releasing said stored multiplicity of image signals in response to said trigger
signals to generate said plurality of scan lines such that the first scan line of each image
frame starts at the same vertical position.

19. The method of Claim 18, wherein said step of adjusting said phase differences
comprises further adjusting a portion of said cyclic drive signal in addition to said adjustment
for synchronizing said cyclic drive signal with said incoming frame of said imaging signals.

20. The method of Claim 18, wherein said step of adjusting said cyclic drive
signal to synchronize with said incoming frames of said imaging signals comprises adjusting
one of said upper and lower peak portion, and wherein said step of adjusting said phase
difference to be a constant comprises adjusting the other one of said upper and lower peak
portions.

21. The method of Claim 18, wherein said step of generating said cyclic drive
signal comprises the step of generating a series of discrete values representative of at least
one cycle of said cyclic drive signal.

22. The method of Claim 21, wherein said step of expanding or compressing a
portion of said cyclic drive signal comprises increasing the number of discrete values
available for positioning said low frequency mirror to expand said one of said upper and
lower peak portions of said cyclic drive signal or decreasing the number of discrete values
available for positioning said low frequency mirror to compress one of said upper and lower
peak portion of said cyclic drive signal.

23. The method of Claim 21, wherein said step of expanding or compressing a
portion of said cyclic drive signal comprises modifying the clock rate for a selected number

of the cyclic drive discrete values.
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