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OPTIMIZED SIGNAL CONTROL IN FREQUENCY-DOUBLED LASER SOURCES

PRIORITY
[0001] This application claims priority to United States Patent Application number 12/288,639,
filed October 22, 2008, titled “Optimized Signal Control In Frequency-Doubled Laser Sources”.

BACKGROUND OF THE INVENTION

[0002] The present disclosure relates generally to semiconductor lasers and, more particularly, to

schemes for decreasing power consumption in frequency-doubled semiconductor laser sources.

SUMMARY OF THE INVENTION

[0003] The present disclosure relates generally to semiconductor lasers, which may be
configured in a variety of ways. For example and by way of illustration, not limitation, short
wavelength sources can be configured for high-speed modulation by combining a single-
wavelength semiconductor laser, such as a distributed feedback (DFB) laser, a distributed Bragg
reflector (DBR) laser, or a Fabry-Perot laser with a light wavelength conversion device, such as a
second harmonic generation (SHG) crystal, e.g., MgO-doped periodically poled lithium niobate
(PPLN). The SHG crystal can be configured to generate higher harmonic waves of the
fundamental laser signal by tuning, for example, a 1060nm DBR or DFB laser to the spectral
center of a SHG crystal, which converts the wavelength to 530nm.

[0004] The power consumption of a frequency doubled laser system can be the result of two or
more different types of signals applied to the system. One type can be referred to generally as the
gain control signal because it is applied to the gain control elements of the IR semiconductor
laser. Additional types of control signals can be referred to generally as complementary control
signals ahd are applied to complementary control elements of the laser. These complementary
control signals can function in a variety of ways and can generally be used to optimize efficiency,
stabilize emission, enhance emission quality, etc. For example, and not by way of limitation, one
type of complementary control signal operates on the wavelength tuning mechanism of the

semiconductor laser to control the emission wavelength of the semiconductor laser to keep the
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wavelength of the laser aligned with the phase matching wavelength of the PPLN crystal or other
SHG device as the temperature of the system drifts over time. Another type of complementary
control signal operates on the phase section of the semiconductor laser and can be used to send
high frequency signals to the phase section of the laser in order to randomize the laser mode
selection or to control the phase section is some other manner to optimize emission. In addition,
it is contemplated that the complementary control signal may be used to cooperate with an
optical alignment mechanism to control optical coupling between the semiconductor laser and
the SHG device and compensate for thermal or mechanical misalignment. It is also contemplated
that the complémentary control signal can be utilized to control a temperature control mechanism
of the semiconductor laser to optimize emission.

[0005] The present inventors have recognized that, although these and other types of
complementary control signals are needed the help enhance SHG conversion efficiency, optimize
image quality, or maintain optimum coupling efficiency, they often do not contribute directly to
create power. Accordingly, one object of the present disclosure is to provide schemes for
minimizing the power dedicated to these complementary control signals.

[0006] In most laser projection systems, laser sources are often switched OFF over significant
periods of time so the Gain signal applied to the pump laser comprises an alternating sequence of
relatively high intensity active projection periods Modoy and relatively low intensity inactive
projection periods Modorr. As there is no signal to be displayed during periods Modogr, some of
the complementary control signals can also be set to an inactive state Qorr. These
complementary control signals are then made of a succession of active states Qon and Qorr that
are synchronized with Modon and Modopr periods and therefore saves a significant amount of
power consumption.

[0007] In some cases, the wave forms defining these complementary control signals are
conditioned to ensure that the right state is achieved when the laser is switched ON at the very
beginning of Modon. For example, it is contemplated that the complementary control signal can
be configured to transition to the active state Qon prior to initiation of the relatively high
intensity active projection periods Modon such that it is optimized upon initiation of the

relatively high intensity active projection periods Modon. The complementary control signal
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may also comprise an amplitude overshoot that anticipates initiation of the relatively high
intensity active projection periods Modoy and decreases over time after initiation of the relatively
high intensity active projection periods Modon. In one embodiment, the complementary control
signal comprises a low pass filtered square wave that transitions to the active state Qo prior to
initiation of the relatively high intensity active projection periods Modon:.

[0008] According to one embodiment of the present disclosure, a method of operating a laser
projection system is provided. According to the method, the laser projection system is utilized to
display a sequence of pixelized image frames comprising an alternating sequence of relatively
high intensity active projection periods Modoy and relatively low intensity inactive projection
periods Modorr. A complementary control signal transitions between an active state Qon during
the relatively high intensity active projection periods Modoy and an inactive state Qorr during the
relatively low intensity inactive projection periods Modorr. The transition of the complementary
control signal from the inactive state Qopr to the active state Qon is conditioned to anticipate
initiation of relatively high intensity active projection periods Modoy such that it is optimized
upon initiation of the relatively high intensity active projection periods Modon. Additional

embodiments are disclosed and claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The following detailed description of specific embodiments of the present disclosure
can be best understood when read in conjunction with the following drawings, where like
structure is indicated with like reference numerals and in which:

[0010] Fig. 1 is a schematic illustration of a scanning-type laser projection system suitable for
executing various control schemes according to particular embodiments of the present disclosure;
[0011] Figs. 2-4 are schematic illustrations of raster scan patterns that can be generated using
the scanning-type projection system of Fig. 1;

[0012] Figs. 5-7 are illustrations of heating element control signals and wavelength converted

output intensity signals according to a variety of embodiments of the present disclosure.
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DETAILED DESCRIPTION

[0013] Referring initially to Fig. 1, the concepts of the present disclosure may be conveniently
illustrated with general reference to a laser source 10 comprising a two or three-section DBR-
type semiconductor laser 12, although the concepts of the present disclosure can be executed in
the context of various types of semiconductor lasers, the design and operation of which is
described generally above and is taught in readily available technical literature relating to the
design and fabrication of semiconductor lasers. In the context of a frequency-doubled light
source of the type illustrated in Fig. 1, the DBR laser 12 is optically coupled to a light
wavelength conversion device 14. The DBR laser 12 illustrated schematically in Fig. 1
comprises a wavelength selective section 12A, a phase section 12B, and a gain section 12C. The
light beam emitted by the semiconductor laser 12 can be either directly coupled into the
waveguide of the wavelength conversion device 14 or can be coupled through collimating and
focusing optics or some other type of suitable optical element or optical system. For example,
the system may include an active element such one or more MEMS mirrors to adjust and
maintain optical alignment between the semiconductor laser 12 and the wavelength conversion
device 14. In any case, the wavelength conversion device 14 converts the incident light v into
higher harmonic waves 2v and outputs a converted signal having a wavelength-converted
mtensity Ipy.

[0014] This type of configuration is particularly useful in generating shorter wavelength laser
beams from longer wavelength semiconductor lasers and can be used, for example, as a visible
laser source 10 for a single-color laser projection system 100 or a multi-color RGB laser
projection system comprising, for example, the laser source 10, laser projection optics 20, an
optional partially reflective beam splitter 25 and optical intensity monitor 30, and a controller 40,
which may be stand-alone laser controller or a programmable projection controller incorporating
a laser controller. The laser projection optics 20 may comprise a variety of optical elements
including, but not limited to, a two-axis, gimbal mounted, MEMS scanning mirror 22. These
optical elements cooperate to generate a two-dimensional scanned laser image on a projection

screen 50 or in an image field.
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[0015] The wavelength selective section 12A of the semiconductor laser 12, which can also be
referred to as the DBR section of the laser 12, typically comprises a first order or second order
Bragg grating positioned outside the active region of the laser cavity. This section provides
wavelength selection, as the grating acts as a mirror whose reflection coefficient depends on the
wavelength. The gain section 12C of the DBR laser 12 provides the major optical gain of the
laser. The phase section 12B may also be employed to create an adjustable phase shift between
the gain material of the gain section 12C and the reflective material of the wavelength selective
section 12A. A high frequency perturbation signal can be sent to the phase section 12B to
randomize the spectral modes selected by the laser and, therefore eliminate any systematic
organized defects as the output beam is scanned across successive image frames.

[0016] The wavelength selective section 12A may be provided in a number of suitable
alternative configurations that may or may not employ a Bragg grating. Configurations are also
contemplated that utilize Bragg resonators inside the SHG crystal or any other type of spectrally
selective component inserted into the optical path.

[0017] The partially reflective beam splitter 25 can be configured to direct a portion of the
light generated by the laser source 10 to the optical intensity monitor 30. The optical intensity
monitor 30 can be configured to generate an electrical or optical signal representing variations in
the intensity of the light generated by the léser source 10. It is contemplated that a variety of
alternative configurations may be utilized to monitor the intensity of the output beam without
departing from the scope of the present disclosure. It is noted that the beam splitter 25, the laser
source 10, the optical intensity monitor 30, and the controller 40 are merely illustrated
schematically in Fig. 1, and that their respective positions and orientations relative to each other
may vary widely according to the specific needs of the particular field in which the system is
utilized.

[0018] The controller 40, which is in communication with the optical intensity monitor 30, can
receive or sample the signal from the optical intensity monitor 30 and can be programmed to
control the laser source as a function of the sampled intensity. For example, the controller 40 can
be programmed to establish and maintain the aforementioned wavelength matching between the

output of the semiconductor laser 12 and the conversion bandwidth of the wavelength conversion
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crystal 14 by controlling heating elements that are thermally coupled to the wavelength selective
section 12A of the semiconductor laser 12.

[0019] More specifically, the output power of the higher harmonic light wave generated in the
wavelength conversion device 14 can change drastically as the alignment of the output
wavelength of the DBR laser 12 relative to the wavelength conversion bandwidth of the
wavelength conversion device 14 changes. For example, when a semiconductor laser is
modulated to produce data, the thermal load on the laser varies constantly. The controller 40 can
be programmed to utilize the sampled intensity and the aforementioned heating elements to help
mitigate the effects of the varying thermal load by controlling the temperature of the wavelength
selective section 12A of the laser or the temperature of the wavelength conversion device 14 to
stabilize the output power of the higher harmonic light generated by the wavelength conversion
device 14.

[0020] One embodiment of the present disclosure can be illustrated with reference to Figs. 1,
2,and 5. Asis noted above, Fig. 1 illustrates a scanning-type projection system 100 comprising
a temperature-controlled laser source 10 and associated laser projection optics 20. The
temperature-controlled laser source 10 comprises a semiconductor laser 12 that is optically
coupled to a wavelength conversion device 14. One or more heat generating elements 16 are
thermally coupled to the semiconductor laser 12, the wavelength conversion device 14, or both,
to control the temperature thereof. Typically, the heat generating elements comprise electrically
resistive heating elements but the heat generating elements may alternatively comprise electrodes
positioned to inject electrical current into the wavelength selective section of the semiconductor
laser 12.

[0021] Fig. 2 is a schematic illustration of a raster scan pattern that can be generated using the
scanning-type projection system 100. The spacing and angle of the scan lines illustrated therein
are exaggerated for illustrative purposes. As is illustrated in Fig. 2, in scanning-type projectors,
the image can be formed by “fast scanning” a single or multi-color laser spot over a projection
screen and modulating directly the laser(s) with a video signal. As the speed of the spot varies
along the lines of the frame F, it is often necessary to correct the video signal to avoid image

distortion and insure constant image brightness. At the end of each frame line, the speed of the
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spot falls to zero making some portion of the lines unusable. As a result, the laser(s) often need
to be switched off at the end of each line for a few microseconds. At the end of each image
frame F, the slow scanning axis is activated to jump from the last line of the frame F to the first
line of the next frame F. Typically, the physical limitations of the scanning optics require that a
given amount of time needs to be dedicated to a raster return and restart operation before the next
frame is projected. Accordingly, a typical set of operational data for a scanning-type system will
include a relatively large total frame duration (e.g., 10-20 ms) comprising a very large number of
relatively short duration frame lines (e.g., 20-30 psec). Because each frame-to-frame transition
incorporates a significant projection delay between frames (e.g., a few ms) and each frame line
incorporates a significant amount of off time (e.g., a few psec), the effective duty factor of the
scanner is typically well below 75% and is often as low as about 50%.

[0022] Asis noted above, in addition to a conventional gain signal, frequency doubled laser
systems can be configured to utilize one or more complementary control signals to optimize
efficiency, stabilize emission, enhance emission quality, etc. For example, and not by way of
limitation, according to one embodiment disclosed herein three independent complementary
control signals are utilized to optimize laser output: a signal Qppr applied to the wavelength
selective section 12A of the laser 12 to keep the wavelength of the laser 12 centered on the
optimum SHG wavelength; a relatively high frequency phase conditioning signal Qpy applied to
the phase section 12B of the laser 12 to optimize the image quality; and, an alignment signal
Qumems applied to a MEMS mirror or other optical alignment mechanism to control optical
coupling between the semiconductor laser and the SHG device and compensate for thermal or
mechanical misalignment. If these control signals are set to values at or near zero during the
relatively low intensity inactive projection periods Modorr, power savings equivalent to the
inverse of the projector duty factor, e.g., about 25 to 50%, can be obtained.

[0023] More specifically, when using direct current injection for the phase conditioning signal
Qpn, the response time of the phase section 12B is typically on the order of a few nanoseconds,
which is much faster than the typical “END OF LINE” OFF time and the “END OF FRAME”

OFF time of a frame-based raster scanner projection system. As a consequence, the phase
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section 12B can be switched OFF during either of these relatively low intensity inactive
projection periods Modogr.

[0024] When using micro-heaters located, for instance, on top of the wavelength selective
section 12A of the laser 12, for Qpgg, the fastest time constant is in the microsecond scale which
1s too slow to allow switching Qpgr OFF at each “END OF LINE”. In that case, Qppr will
typically only be switched OFF at each “END OF FRAME” period.

[0025] Another important aspect to be considered when using slower time constant devices
such as micro-heaters is linked to the fact that heat must dissipate into the structure during
operation. As a consequence, these types of systems have many different time constants instead
of one single time constant. So, it is difficult to avoid slow drifts due to excitation of the slower
time constants by merely incorporating simple pulses in the Qpgr signal to create active and
inactive states. As an alternative, more elaborate, pre-calibrated Qpgr signals can be used. For
example, the Qppr signal can include a short overshoot period slightly ahead of time with respect
to the “BEGINNING OF FRAME” time as well a slowly decreasing region during the frame.
[0026] Where an alignment signal Quewms is applied to a MEMS mirror or other optical device
to maintain optical alignment, the typical natural frequency of a fast MEMS mitror can be as high
as 50kHz, which would be sufficient to permit shut-down of the alignment signal Qumgms at
“END OF FRAME”. However, here again, it may be preferable to utilize a specially shaped
signal Qumems for application to the MEMS mirror in order to avoid creating image artifacts.
Indeed, the movement of a MEMS mirror often incorporates a low damping second order
equation component and, as a consequence, if the alignment signal Qugewms is merely a square
pulse, the natural frequency of the mirror gets excited resulting in oscillations that very slowly
disappear. To avoid this problem, the signal can be filtered with a low-pass filter function to
eliminate frequencies close to the natural frequency of the MEMS. This filtering is preferably
applied before initiation of the relatively high intensity active projection periods Modon to make
sure that the mirror is in place at “BEGINNING OF FRAME.”

[0027] Referring to the heating element control signal Qpggr 11lustrated in Fig. 5, according to
one embodiment of the present disclosure, when the laser 10 is switched OFF at the

aforementioned frame-to-frame transitions, the intensity I, of the wavelength-converted signal
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drops and the heating element control signal Qpgr is switched OFF. As a result, depending on
the duration of the characteristic response time tq of the heat generating elements 16, the control
scheme of Fig. 5 can lead to significant improvements in power consumption. Accordingly,
heating element control signals Qppgr similar to that illustrated in Fig. 5 can be applied to the heat
generating elements 16 of the laser source 10 to control the temperature of one or more
components of the laser source 10 and improve stability in the emission wavelength of the laser
source 10. For example, in the case of a DBR laser, the heating element control signals Qpgr can
be applied to control the temperature of the phase section and/or the wavelength selective DBR
section of the laser.

[0028] Asis illustrated in Fig. 5, in the case where the laser source 10 and the projection optics
20 are configured to display a sequence of pixelized image frames F, one of which is illustrated
schematically in Fig. 2, the sequence of pixelized image frames will comprise an alternating
sequence of relatively high intensity active projection periods Modgy and relatively low intensity
inactive projection periods Modorr. To minimize, or at least decrease, power consumption by
the heating elements 16, the heating element control signal Qpggr can be configured to transition
from an active heating state Qon during the relatively high intensity active projection periods
Modgy to an inactive heating state Qopr during the relatively low intensity inactive projection
periods Modgrr. To do so, the relatively low intensity inactive projection periods Modogr should
preferably be longer than the characteristic response time tq of the heat generating elements.
[0029] As will be appreciated by those practicing aspects of the present disclosure, the heating
element control signal Qppr illustrated in Fig. 5 is a fairly simple control signal, it is
contemplated that the heating element control signal Qppgr, which is applied to stabilize output
power of the higher harmonic light generated by the wavelength conversion device 14 by
matching the emission wavelength of the semiconductor laser 12 to the maximum conversion
wavelength of the wavelength conversion device 14 during the active projection periods Modgoy,
may be modified to anticipate the start of the active projection periods Modpy. If necessary, this
“head start” to the heating element control signal Qpggr, which is illustrated in Fig. 5, may further
incorporate an overshoot preheating pulse in the “head start” portion of the signal to compensate

for the relatively slow response time tq of the heating elements 16. Given the structure of the
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projection system illustrated in Fig. 1, which includes an optical intensity monitor 30 in
communication with the controller 40, the heating element control signal Qpgr can also be at
least partially a function of the output intensity I, of the wavelength conversion device 14.
[0030] The active projection periods Modoy are correlated with the frame durations tr of the
laser source and the inactive projection periods Modogr are correlated with the transitions
between successive frames in the sequence of image frames. In the case of scanning-type
projection systems, the duration of these transitions between successive frames typically
correspond to the time required for raster return and restart operations tg. In the case of multi-
color non-scanning frame projectors, the duration tg of these transitions typically corresponds to
the time required for the projection of multiple colors. In any case, the inactive projection
periods Modorr can be further correlated with the characteristic response time tq of the heat
generating elements. As such, the inactive projection periods Modorr of Fig. 5 are illustrated as
being long enough to span the inactive heating state Qorr and the characteristic response time tq
of the heat generating elements 16. ,
[0031] As is noted above, power consumption can be improved by correlating projection OFF
time with heating element OFF time. Figs. 3 and 6 illustrate control schemes designed to
increase the OFF time of the laser source 10 during projection, thus increasing potential heating
element OFF time. In Figs. 3 and 6, power consumption is traded against image resolution by
taking a projector designed for one resolution (e.g., 1024x768) and reducing the resolution by
increasing the slow-scanning axis speed by, e.g., a factor of two. By generating a lower
resolution image (e.g., 512x768) in half the time needed for the full resolution image, i.e., %2 tr,
and by reducing the active projection periods Modoy to reduced frame durations tg'=Y4ts, the
inactive projection periods Modorr can be expanded to cover the transition periods tg between
successive frames, the characteristic response time tq of the heat generating elements, and the
unused frame projection time tg- t5' created by executing the reduced frame durations t¢'. In
executing this operation, it will typically be necessary to drive the laser at increased power L,
during the active projection periods Modoy to keep average power and image brightness

constant.
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[0032] Asis illustrated in Figs. 4 and 7, the OFF time of the laser source 10 during projection
can also be increased by displaying the image frames F at a frequency v¢' that is half the standard
refresh rate ve. More specifically, in this embodiment, the active projection periods Modoy are
correlated with standard frame durations tg but are presented by projecting the sequence of
pixelized image frames F at a reduced frame rate v¢', which can be conveniently set at %2 vr.
Given such a projection mode, the inactive projection periods Modorr can be correlated with the
transition periods tg between successive frames F in the sequence of pixelized image frames, the
characteristic response time tq of the heat generating elements, and the unused frame projection
time tr created by projecting the sequence of pixelized image frames F at the reduced frame rate
v¢. Again, in executing this operation, it will typically be necessary to drive the laser at
increased power I, during the active projection periods Modoy to keep average power and image
brightness constant by compensating for the reduced frame rate v¢'. This technique is particularly
useful because, although higher IR power is required to drive the frequency converted laser
source, the efficiency of the packages increases non-linearly with increasing IP power.

[0033] Although Fig. 1 illustrates a single-color scanning laser projection system 100, it is
contemplated that other types of laser projection systems, such as multi-color scanning-type
projection systems, color-sequential frame projectors, and various types of spatial light
modulator based systems (including digital light processing (DLP), transmissive LCD, and liquid
crystal on silicon (LCOS)), incorporating laser-based light sources may benefit from the
techniques described herein.

[0034] It is to be understood that the preceding detailed description is intended to provide an
overview or framework for understanding the nature and character of the embodiments disclosed
and claimed herein. It will be apparent to those skilled in the art that various modifications and
variations can be made to the present invention without departing from the spirit and scope of the
invention. Thus, it is intended that the present invention cover the modifications and variations
of this invention provided they come within the scope of the appended claims and their
equivalents.

[0035] For example, it is contemplated that methods and systems according to the present

invention may utilize one or more injection current control signals to improve stability in the
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emission wavelength of the laser source. The injection current control signal may, for example,
be a phase conditioning signal in a DBR laser or a temperature control signal injected into one of
the components of a semiconductor laser. In any case, the injection current control signal can be
controlled to transition from an active conditioning state Qon during the relatively high intensity
active projection periods Modoy to an inactive conditioning state Qorr during the relatively low
intensity inactive projection periods Modopr. The injection current control signal can be
controlled in concert with the aforementioned temperature control signal so that both signals
transition from respective active states to inactive states during inactive projection periods
Modorr. Alternatively, the injection current control signal can be the only signal that is
controlled to transition from respective active states to inactive states during inactive projection
periods Modorr, in which case it will typically be easier to ensure that the relatively low intensity
inactive projection periods Modogr are longer than the characteristic response time tq of the
injection current conditioning mechanism of the laser source component.

[0036] As a further example, it is contemplated that wavelength conversion devices for use in
the context of the present disclosure may comprise PPLN SHG crystals, other types of
conventional or yet to be developed SHG crystals, or any other type of conventional or yet to be
developed wavelength conversion device. Additionally, although the concepts of the present
disclosure are described primarily in the context of DBR lasers, with or without phase sections, it
is contemplated that the control schemes discussed herein will also have utility in a variety of
types of semiconductor lasers, including but not limited to DFB lasers, Fabry-Perot lasers, and
many types of external cavity lasers.

[0037] It should be further understood that references herein to particular steps or operations
that are described or claimed herein as being performed “as a function” of a particular state,
condition, value, or other type of variable or parameter should not be read to limit execution of
the step or operation solely as a function of the named variable or parameter. Rather, it should be
understood that additional factors may play a role in the performance of the step or operation.

2% 4C

[0038] It is noted that terms like “preferably,” “commonly,” and “typically,” when utilized
herein, are not intended to limit the scope of the claimed invention or to imply that certain

features are critical, essential, or even important to the structure or function of the claimed
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invention. Rather, these terms are merely intended to highlight alternative or additional features
that may or may not be utilized in a particular embodiment of the present invention.

[0039] For the purposes of describing and defining the present invention it is noted that the terms
“substantially” or “approximately” are utilized herein to represent the inherent degree of
uncertainty that may be attributed to any quantitative comparison, value, measurement, or other
representation. The terms “substantially” and “approximately” are also utilized herein to
represent the degree by which a quantitative representation. e.g., “substantially above zero,”
varies from a stated reference, e.g., “zero,” and should be interpreted to require that the
quantitative representation varies from the stated reference by a readily discernable amount.
[0040] It is also noted that recitations herein of a component of the present invention being
“configured” or “programmed” in a particular way, to embody a particular property, or function
in a particular manner, are structural recitations as opposed to recitations of intended use. More
specifically, the references herein to the manner in which a component is “configured” or
“programmed” denote an existing physical condition of the component and, as such, are to be

taken as a definite recitation of the structural characteristics of the component.
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CLAIMS

What is claimed:
1. A method of operating a system for generating a projected laser image, the system comprising
at least one laser source and associated laser projection optics, wherein the laser source
comprises a semiconductor laser optically coupled to a wavelength conversion device, the
semiconductor laser comprises a gain control element for intensity modulation of the laser source
and one or more complementary control elements for controlling a complementary characteristic
of the semiconductor laser, and the method comprises:
utilizing a gain control signal applied to the gain control element for the intensity
modulation;
utilizing a complementary control signal applied to the complementary control element to
improve emission in the laser source; and
utilizing the laser source and the projection optics to display a sequence of pixelized
image frames, wherein
the sequence of pixelized image frames comprises an alternating sequence
of relatively high intensity active projection periods Modoy and relatively low
intensity inactive projection periods Modogr,
the complementary control signal transitions between an active state Qon
during the relatively high intensity active projection periods Modoy and an
inactive state Qopr during the relatively low intensity inactive projection periods
Modggr, and
the transition of the complementary control signal from the inactive state
Qorr to the active state Qgy is conditioned to anticipate initiation of relatively
high intensity active projection periods Modoy such that it is optimized upon

initiation of the relatively high intensity active projection periods Modox.

2. A method as claimed in claim 1 wherein the complementary control signal transitions to the

active state Qo prior to initiation of the relatively high intensity active projection periods Modon
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such that it is optimized upon initiation of the relatively high intensity active projection periods

Mo dON .

3. A method as claimed in claim 1 wherein the complementary control signal comprises an
amplitude overshoot that anticipates initiation of the relatively high intensity active projection
periods Modon and decreases over time after initiation of the relatively high intensity active

projection periods Modoy.

4. A method as claimed in claim 1 wherein the complementary control signal comprises a low
pass filtered square wave that transitions to the active state Qoy prior to initiation of the relatively

high intensity active projection periods Modon.

5. A method as claimed in claim 1 wherein the complementary control element comprises at
least one of the following elements:

a wavelength tuning mechanism and the complementary control signal is utilized to
control the emission wavelength of the semiconductor laser;

a phase conditioning mechanism and the complementary control signal is utilized to
control a phase section of the semiconductor laser;

an optical alignment mechanism and the complementary control signal is utilized to
control the optical alignment mechanism,;

a temperature control mechanism and the complementary control signal is utilized to

control the temperature control mechanism of the semiconductor laser; or combinations thereof.

6. A method as claimed in claim 1 wherein:

the active projection periods Modoy are correlated with frame durations tr of the laser
source and projection optics; and

the inactive projection periods Modorr are correlated with transitions between successive

frames in the sequence of pixelized image frames.
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7. A method as claimed in claim 6 wherein the laser projection optics comprise raster scanning
optics and the transitions between successive frames correspond to raster return and restart

operations.

8. A method as claimed in claim 6 wherein the laser projection optics comprise non-scanning
frame projection optics and the transitions between successive frames corresponds to multi-color

projection periods.

9. A method as claimed in claim 1 wherein:

the active projection periods Modoy are correlated with reduced frame durations tg' of the
laser source and projection optics; and

the inactive projection periods Modorr are correlated with transitions between successive
frames in the sequence of pixelized image frames and unused frame projection time created

during execution of the reduced frame durations t¢'.

10. A method as claimed in claim 9 wherein an intensity difference between the relatively high
Intensity active projection periods Modoy and the relatively low intensity inactive projection
periods Modogr is sufficient to compensate for the reduced frame durations t¢' of the laser source

and projection optics.

11. A method as claimed in claim 1 wherein:

the active projection periods Modoy are correlated with frame durations tr of the laser
source and projection optics;

the inactive projection periods Modorr are correlated with transitions between successive
frames in the sequence of pixelized image frames and unused frame projection time created by

projecting the sequence of pixelized image frames at a reduced frame rate.

12. A method as claimed in claim 11 wherein an intensity difference between the relatively high

intensity active projection periods Modpy and the relatively low intensity inactive projection
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periods Modorr s sufficient to compensate for the reduced frame rate of the laser source and

projection optics.

13. A method as claimed in claim 1, wherein:

the laser source comprises at least one temperature-controlled laser source and the
complementary control element comprises one or more heat generating elements configured to
control the temperature of the laser source and the method comprises;

a heating element control signal is applied to the heat generating elements to control the
temperature of at least one component of the laser source to improve stability in the émission
wavelength of the laser source;

the heating element control signal transitions from an active heating state Qon during the
relatively high intensity active projection periods Modpy to an inactive heating state Qopr during
the relatively low intensity inactive projection periods Modogr, and

the relatively low intensity inactive projection periods Modggr are longer than a

characteristic response time tq of the heat generating elements.
14. A method as claimed in claim 13 wherein the heating element control signal is applied to
stabilize the output power of the laser source during the relatively high intensity active projection

periods Modon.

~ 15. A method as claimed in claim 13 wherein the heating element control signal anticipates

initiation of the relatively high intensity active projection periods Modon.

16. A method as claimed in claim 13 wherein the heating element control signal is at least

partially a function of sampled wavelength conversion device output intensity.

17. A method as claimed in claim 13 wherein the heat generating elements are thermally coupled

to a wavelength selective section of the semiconductor laser or to the wavelength conversion

17
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device and comprise electrically resistive heating elements or electrodes positioned to inject

electrical current into a wavelength selective section of the semiconductor laser.

18. A method as claimed in claim 1 wherein the system for generating a projected laser image

comprises one or more additional laser sources defining a multi-color laser projection system.

19. A system for generating a projected laser image, the system comprising at least one laser
source and associated laser projection optics, wherein the laser source comprises a semiconductor
laser optically coupled to a wavelength conversion device, the semiconductor laser comprises a
gain control element for intensity modulation of the laser source and one or more complementary
control elements for controlling a complementary characteristic of the semiconductor laser, and
the system is programmed to:
utilize a gain control signal applied to the gain control element for the intensity
modulation;
utilize a complementary control signal applied to the complementary control element to
improve emission in the laser source; and
utilize the laser source and the projection optics to display a sequence of pixelized image
frames, wherein
the sequence of pixelized image frames comprises an alternating sequence
of relatively high intensity active projection periods Modgy and relatively low
intensity inactive projection periods Modogr,
the complementary control signal transitions between an active state Qon
during the relatively high intensity active projection periods Modoy and an
inactive state Qorr during the relatively low intensity inactive projection periods
Modggr, and
the transition of the complementary control signal from the inactive state
Qorr to the active state Qgy is conditioned to anticipate initiation of relatively
high intensity active projection periods Modoy such that it is optimized upon

initiation of the relatively high intensity active projection periods Modon.
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