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OPTICAL TRANSCEIVER

Backeground of the Invention

This invention relates to the field of optoelectronic devices, and more particularly,
to optical transceivers.

In many applications, electrical wires are used to deliver electrical power to, and
retrieve signals from, a remote device such as a sensor. For example, in aircraft
applications, electrical wires are commonly used to deliver electrical power to, and
retrieve signals from, remotely located sensors, such as flap position sensors, temperature
SENsOors, pressure Sensors, et)c. In industrial applications, electrical wires are commonly
used to deliver electrical power to, and retrieval signals from, a wide variety of remotely
located sensors, such as position, pressure, temperature and other sensors. In medical
applications, electrical wires have been used to deliver electrical power to and retrieve
signals from sensors and/or other devices. In some cases, sensors or other electrical
devices have even been placed in catheters, which are inserted into the body.

In each of these applications and other applications, the use of electrical wires can
present difficulties. For example, in some applications, lighting strikes may make long
wire runs hazardous or at least less reliable. Other environmental electrical noise can also
disrupt or reduce the reliability of such systems. In addition, long electrical wire runs can
present significant capacitance, inductance, and resistance, which in some applications,
can distort the sensor signals and/or reduce the speed at which the sensor signals can be
retrieved. For some medical applications, such as catheter applications, it is often
undesirable to string electrical wires through a catheter that is inserted into the body, and
in particular, when the catheter is inserted near the heart or brain of a patient. The current
passing through the electrical wires can, in some cases, pose a threat to the patient. In
addition, and during certain medical procedures, the electrical wires can be subject to
intense electromagnetic fields or other harsh environmental conditions, which may make
the use of electrical wires hazardous or at least less reliable.

One approach for reducing some of these difficulties is to use a remotely located

battery to power the remote sensor. However, the use of batteries has a number of
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disadvantages. For example, batteries are often expensive and only last a limited time.
Even when a battery is appropriate, the sensor output signals must still be retrieved from
the sensor, which in many cases, may require the use of electrical wires.

Another approach for reducing some of the above-mentioned difficulties
presented by electrical wires is to use optical fibers to deliver power to, and/or retrieve
signals from, a remote sensor or other device. A first fiber may be used to deliver optical
power to a remote sensor. The optical power may be converted to electrical power by a
remotely located photo diode or the like. The electrical power may then be used to power
a laser or light-emitting diode or the like, which provides an optical signal that represents
the sensor output signal back through a second optical fiber. This approach has some
advantages, including increased electromagnetic interference immunity. However, in
many cases, two separate optical fibers must be used - one for providing power to the
remote sensor and one for retrieving the sensor output signals from the remote sensor.

A single fiber may be used in some cases, but because the light-emitting diode used for
receiving the optical power signal and the laser or light-emitting diode used to provide
the sensor output signals are often laterally offset from one another (i.e. not along a
common optical axis), a complex optical splitter/combiner must also be used. Such an
optical splitter/combiner can be expensive, bulky and in many cases difficult to maintain
in a proper optical alignment position.

Summary of the Invention

The present invention overcomes many of the disadvantages of the prior art by
providing an optical transceiver that can detect an incoming light beam and transmit
an outgoing light beam along a common optical axis. This may allow, for example,
one or more optical signal to be delivered to, and one or more return signals to be
provided from, the optical transceiver along a single optical fiber. This may also
provide a more compact optical transceiver, which may help increase the density and
yield of the device. In some embodiments, the optical transceiver includes an optical
detector and an optical emitter, wherein the optical detector detects the incoming light
beam and provides electrical power to the optical emitter. This may, for example,

eliminate the need for a separate power source such as a battery in the optical
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transceiver.

In one illustrative embodiment, the optical transceiver includes an optical
detector that receives an incoming light beam having a first wavelength and/or range
of wavelengths, and detects the incoming light beam by absorbing at least some of the
first wavelength and/or range of wavelengths of light. The optical transceiver also
preferably includes an optical transmitter, which is positioned along the same light
beam axis as the optical detector. The optical transmitter preferably transmits an
outgoing light beam that may have a second wavelength and/or range of wavelengths.

The first wavelength and/or range of wavelengths is preferably different than the
second wavelength and/or range of wavelengths of light. In some embodiments, the
optical detector and the optical transmitter are formed on a common substrate, but this
is not required in all embodiments.

In one illustrative embodiment, the optical detector is positioned above the
optical transmitter. During use, an incoming light beam that has a first wavelength
and/or range of wavelengths is at least partially absorbed by the optical detector. The
optical transmitter may transmit an outgoing light beam up through the optical
detector, wherein the outgoing light beam includes a second wavelength and/or range
of wavelengths. In this illustrative embodiment, the optical detector preferably passes
at least some of the second wavelength and/or range of wavelengths of light to allow
the outgoing light beam to pass through the optical detector. This may be
accomplished in any number of ways including, for example, forming the optical
detector from a material and/or material system that absorbs light at the first
wavelength and/or range of wavelengths and passes light at the second wavelength
and/or range of wavelengths. In the illustrative embodiment, both the incoming light
beam and the outgoing light beam pass through a common side of the optical
transceiver.

In another illustrative embodiment, the optical transmitter may transmit light
in a direction away from the optical detector. That is, the incoming light beam and the
outgoing light beam may not pass through a common side of the optical transceiver.

When so provided, the optical detector may not need to be formed from a material
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and/or material system that passes light at the second wavelength and/or range of
wavelengths, as described above. This may provide added design flexibility to the
optical transceiver.

In yet another illustrative embodiment, the optical transmitter may be
positioned above the optical detector. Here, both the incoming light beam and the
outgoing light beam may pass through a common side of the optical transceiver. In
this embodiment, the optical transmitter may be formed from a material and/or
material system that passes at least some of the incoming light beam at the first
wavelength and/or range of wavelengths to the optical detector. The optical detector
need not be formed from a material and/or material system that pass the outgoing light
beam with the second wavelength and/or range of wavelengths. Rather, the optical
transmitter may simply transmit the outgoing light beam in a direction away from the
optical detector.

Tn some embodiments, the optical detector includes one or more photo diodes,
which may be used to convert at least part of the incoming optical beam into electrical
power. The electrical power may then be used, either directly or indirectly, to power
the optical transmitter and/or other control logic or sensors. In one illustrative
embodiment, the optical detector includes a number of photo diodes that are
connected in series. By connecting the photo diodes in series, the photo-induced
voltage of each photo diode may be summed, which results in a higher photo-induced
voltage. This may be desirable when the optical detector and/or other control logic
require some minimum voltage that is greater than the photo-induced voltage that can
be produced by a single photo-diode. In some embodiments, the series connected
photo diodes are also connected in series with the optical transmitter.

A transistor may be connected in series with the series connected photo diodes
and/or optical transmitter. The transistor may have a drain and/or a source connected
in series with the two or more photo diodes and/or optical transmitter. The gate of the
FET may be controlled, either directly or indirectly, by a sensor signal or other control
circuit. The FET device may control the current and/or voltage that is provided to the

optical transmitter.
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It is contemplated that the optical transceiver of the present invention may be
placed at a remote location. A local optical transmitter and a local optical detector
may be used to communicate with the remote optical transceiver. Preferably, the local
optical transmitter and local optical detector have a power source. The remote optical
transceiver may also have a power source, but this is not required in some
embodiments. The local light source preferably provides an incoming optical signal to
the optical detector of the remote optical transceiver, and the local optical detector
preferably detects an outgoing optical signal provided by the remote optical
transmitter. The local optical transmitter and local optical detector may communicate
with the remote optical transceiver through a light transmitting medium, such as free
space, one or more optical fiber, or any other light transmitting medium.

In some embodiments, the local optical transmitter may provide an optical
power signal to the remote optical detector. The remote optical detector may absorb
at least some of the optical power signal provided by the local optical transmitter, and
convert the optical power signal into an electrical power signal. At least some of the
power from the electrical power signal may be used to drive the remote optical
transmitter. In this embodiment, the remote optical transceiver need not have a
remotely located power source.

The remote optical transceiver may also include a controller, and in some
embodiments, one or more sensors or the like. The controller and/or sensors may also
be powered by the electrical power signal provided by the remote optical detector.
The controller may selectively activate the remote optical transmitter to transmit one
or more signals back to the local optical detector.

In some applications, it may be desirable to provide control or other signals to
the remote transceiver. In one embodiment, the local transmitter may provide an
optical power signal as well as one or more control or other signals to the remote
optical transceiver. The one or more control or other signals may, for example, be
modulated on top of the optical power signal, or may be provided at a slightly
different wavelength. In either case, the remote optical detector may detect both the

optical power signal and the one or more control or other signals, as desired.
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In some applications, the remote optical transceiver may have its own power
source. The remote optical transceiver may then receive one or more signals from the
local transmitter, and may provide one or more signals back to the local detector. In
this embodiment, the remote optical transceiver may be more efficiently provided
because the optical detector and optical transmitter of the remote optical transceiver
are positioned along a common optical axis.

As noted above, some embodiments of the present invention include a remote
sensor for sensing one or more environmental characteristics. However, rather than
providing a separate remote sensor, it is contemplated that the optical emitter itself
may serve as a sensor, or may help provide a sensing function. For example, and in
one illustrative embodiment, selected performance parameters of the optical emitter
may vary with one or more environmental characteristics. By monitoring the output
emission of the optical emitter, a measure of the one or more environmental
characteristics may be determined.

In another embodiment, a filter may be provided between the remote optical
emitter and a local optical detector. The filter characteristics may vary with one or
more environmental characteristics. Thus, by monitoring the output emission of the
optical emitter through the filter, a measure of the one or more environmental
characteristics may be determined. In some embodiments, the filter may be an optical
fiber.

When helping to provide a sensing function, the optical emitter may, for
example, emit a return optical signal and a sensor optical signal. The sensor optical
signal may be used to sense one or more environmental characteristics, while the
return optical signal may relay a measure of the one or more environmental
characteristics to a local detector. In one illustrative embodiment, the sensor optical
signal is directed at a reflective surface that is spaced a distance from the optical
emitter. The separation distance between the optical emitter and the reflective surface
is made to be dependent on one or more environmental characteristics, such as
pressure. The separation distance also effects the phase of the reflected light beam.

During operation, the reflected light beam is reflected back to the optical emitter, and
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affects one or more characteristics of the return optical signal, such as the level of
signal or of noise in the return optical signal. By monitoring the return optical signal,
a measure of the one or more environmental characteristics may be determined.
Absorption and/or fluorescence may also be used to provide a measure of one or more
environmental characteristics in and around the optical emitter.

Brief Description of the Drawings

Other objects of the present invention and many of the attendant advantages of
the present invention will be readily appreciated as the same becomes better understood
by reference to the following detailed description when considered in connection with the
accompanying drawings, in which like reference numerals designate like parts throughout
the figures thereof and wherein:

Figure 1 is a schematic view of an illustrative communications system in
accordance with the present invention;

Figure 2 is a cross-sectional side view of an illustrative optical transceiver in
accordance with the present invention;

Figure 3 is a top view of an illustrative optical transceiver in accordance with the
present invention;

Figure 4 is a graph showing the simulated absorptance versus wavelength for the
illustrative optical transceiver shown in Figure 2;

Figure 5 is a graph showing the simulated reflectance versus wavelength for the
illustrative optical transceiver shown in Figure 2;

Figure 6 is a graph showing the simulated reflectance and absorptance versus
wavelength for the illustrative optical transceiver shown in Figure 2;

Figure 7 is a cross-sectional side view of another illustrative optical transceiver
in accordance with the present invention;

Figure 8 is a cross-sectional side view of yet another illustrative optical
transceiver in accordance with the present invention;

Figure 9 is a schematic diagram showing an illustrative optical transceiver and
sensor in accordance with the present invention;

Figure 10 is a schematic diagram showing an illustrative optical transceiver,
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controller, and one or more sensors in accordance with the present invention;

Figure 11 is a schematic diagram showing another illustrative optical transceiver,
controller, and one or more sensors in accordance with the present invention;

Figure 12 is a schematic diagram showing an illustrative optical transceiver and
controller in accordance with the present invention;

Figure 13 is a timing diagram showing an illustrative method for operating an
optical transceiver in accordance with the present invention;

Figure 14 is a timing diagram showing another illustrative method for operating
an optical transceiver in accordance with the present invention;

Figure 15 is a timing diagram showing yet another illustrative method for
operating an optical transceiver in accordance with the present invention;

Figure 16 is a schematic diagram showing another illustrative optical transceiver,
which uses selected characteristics of the optical transceiver and/or optical transmission
medium as a sensing element;

Figure 17 is a schematic diagram showing another illustrative optical transceiver,
which uses a fluorescent material as a sensing element;

Figure 18 is a schematic diagram showing another illustrative optical transceiver,
which uses the optical emission of the optical transceiver to sense one or more
parameters;

Figure 19 is a schematic diagram showing yet another illustrative optical
transceiver which uses the optical emission of the optical transceiver to sense one or more
parameters;

Figure 20 is a schematic diagram showing another illustrative optical transceiver
which uses the optical emission of the optical transceiver along with a fluorescent
material to sense one or more parameters; and

Figure 21 is a schematic diagram showing an illustrative optical transceiver that
uses an optical emitter to both generate optical power from an incoming light beam and
provide an optical return signal.

Detailed Description of the Preferred Embodiments

Figure 1 is a schematic view of an illustrative communications system in
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accordance with the present invention. The illustrative communications system can
be used to considerable advantage in a wide variety of applications including, for
example, aircraft, automotive, industrial, telecommunications, and medical
applications, to name just a few.

The illustrative system is generally shown at 10, and includes a local
transceiver 12 and a remote transceiver 14. The remote transceiver includes a remote
optical transmitter 22 and a remote optical detector 24. As further detailed below, the
remote optical transmitter 22 and the remote optical detector 24 are preferably
configured so that the remote optical detector 24 can detect an incoming light beam 26
and the remote optical transmitter can transmit an outgoing light beam 28 along a
common optical axis. This configuration may help provide a more compact optical
transceiver 14. This configuration may also allow one or more optical signal to be
delivered to, and one or more return signals to be provided from, the optical
transceiver 14 along a single optical fiber without a complex optical splitter/combiner
or other optical guiding mechanism.

The local transceiver 12 preferably includes a local optical transmitter and a
local optical detector, both shown at 18. In some embodiments, the local optical
transmitter and the local optical detector may be configured so that the local optical
detector can detect an incoming light beam and the local optical transmitter can
transmit an outgoing light beam along a common optical axis, but this is not required.
In the illustrative embodiment, the local optical transceiver 12 includes a local power
source 20, while the remote optical transceiver 14 does not include a power source. In
some embodiments, the remote optical transceiver 14 may also have a power source as
shown at 15.

The local light source 18 preferably provides an incoming optical beam 26 to the
remote optical detector 24, and the local optical detector preferably detects an outgoing
optical signal 28 provided by the remote optical transmitter 22. The local optical
transmitter preferably transmits at a first wavelength and/or range of wavelengths,v and
the remote optical detector 24 preferably detects the first wavelength and/or range of

wavelengths. In contrast, the remote optical transmitter 22 preferably transmits at a

9



10

15

20

25

30

WO 03/103190 PCT/US03/17524

second wavelength and/or range of wavelengths, and the local optical detector preferably
detects the second wavelength and/or range of wavelengths. The local optical transceiver
may communicate with the remote optical transceiver 14 through a light-transmitting
medium 16, such as free space, one or more optical fibers, or any other light-transmitting
medium.

In some embodiments, the local optical transmitter provides an optical power
signal 26 to the remote optical detector 24. ’fhe remote optical detector 24 may
absorb at least some of the optical power signal 26 provided by the local optical
transmitter, and convert the optical power signal 26 into an electrical power signal. At
least some of the power from the electrical power signal may be used to drive the
remote optical transmitter 22. In this embodiment, the remote optical transceiver 14
may not need an independent power source.

In some embodiments, the remote optical transceiver 14 may include a
controller 30 and/or one or more sensors or the like. In some embodiments, the
controller 30 may be powered by the electrical power signal provided by the remote
optical detector 24. The controller 30 may be used to, for example, selectively
activate the remote optical transmitter 22 to transmit one or more signals 28 back to
the local optical detector 18.

In some embodiments, it may be desirable to provide control signals or other
signals to the remote transceiver 14. In one embodiment, the local transmitter 18 may
provide an optical power signal as well as one or more control signals or other signals,
shown collectively at 26, to the remote optical transceiver 14. The one or more
control signals or other signals may, for example, be modulated on top of an optical
power signal, or may be provided at a different wavelength, if desired. In either case,
the remote optical detector 24 may detect both the optical power signal and the one or
more control signals or other signals, as desired. The controller 30 may help decode
or otherwise receive the control signals or other signals provided by the local optical
transmitter. A local controller 32 may also help decode or otherwise receive signals
provided by the remote optical transmitter 22.

In some applications, the remote optical transceiver 14 may have its own power

10



10

15

20

25

30

WO 03/103190 PCT/US03/17524

source 15. In these embodiments, the local optical transmitter 18 may not provide an
optical power signal to the remote optical transceiver 14. However, the remote optical
transceiver 14 may still receive one or more signals 26 from the local transmitter 18, and
may provide one or more signals 28 back to the local detector 18. This embodiment may
be more efficient than conventional optical transceivers because the remote optical
detector 24 and the remote optical transmitter 22 may be positioned along a common
optical axis.

The illustrative optical communications system shown in Figure 1 may be used
to considerable advantage in a wide variety of applications. For example, in aircraft and
industrial applications, the optical communications system may help reduce or eliminate
the need for long electrical wire runs, which may help increase the reliability, speed, and
reduce the overall weight of the communications systeni.

In medical applications, such an optical communications system may help reduce
or eliminate the need for running electrical wires through select medical devices such as
catheters, and may help reduce or eliminate the need for a remote power source. This
may help reduce the size of the communications system, and may reduce potential
hazards associated with electrical wire runs and remote power sources.

Specifically with respect to catheters, an optical fiber may be provided through
a lumen in the catheter. The lumen may extend from, for example, the proximal end of
the catheter shaft to a point distal of the proximal end. In another embodiment, the lumen
may extend from a location distal of the proximal end of the catheter shaft, as desired.

The optical fiber preferably extends from the proximal end of the catheter shaft to a
location distal of the proximal end of the catheter shaft, and in some cases, through the
lumen of the catheter shaft. In other cases, the optical fiber may be a light-guide that is
fabricated in or from the wall or other portion of the catheter shaft, as desired.

The local transceiver 12 is preferably positioned adjacent the proximal end of the
optical fiber (outside of the body), and the remote transceiver 14 is preferably positioned
adjacent the distal end of the optical fiber (inside the body). Power may be delivered to
the remote transceiver 14 through an optical power signal, as described above. One or

more sensors may be connected to the remote transceiver 14, which may provide one or
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more sensor signals. The one or more sensor signals may then be transmitted back to the
local optical transceiver 12 via the remote optical transmitter 22. Controller 30 may help
in this regard by receiving the one or more sensor output signals, and controlling the
remote optical transmitter 22 accordingly. The one or more sensors may be any type of
sensor including, for example, an RF coil, a chemical sensor, a temperature sensor, a
pressure sensor, or any other suitable sensor appropriate for the desired application.

Figure 2 is a cross-sectional side view of an illustrative optical transceiver in
accordance with the present invention. The illustrative optical transceiver is generally
shown at 40, and includes an optical detector 42 situated above an optical transmitter
44, both aligned along a common optical axis 46. The optical detector 42 preferably
absorbs a first wavelength and/or range of wavelengths, while passing a second
wavelength and/or range of wavelengths. The optical transmitter 44 preferably
transmits a second wavelength and/or range of wavelengths, which passes through the
optical detector 42 and out the top of the optical transceiver 40. In the illustrative
embodiment, both the incoming light beam and the outgoing ligfit beam pass through
the top side of the optical transceiver 40.

Although any suitable optical transmitter 44, fabricated from any of a number of
semiconductor materials may be used, the optical transmitter 44 shown in Figure 2 is a
planar, current-guided, GaAs/AlGaAs top emitting Vertical Cavity Surface Emitting
Laser (VCSEL). The illustrative VCSEL 44 is formed on an n-doped gallium arsenide
(GaAs) substrate 48, which has an n-contact layer 50 provided on the bottom surface. An
n-type mirror stack 52 is formed on the substrate 48. The n-type mirror stack 52 is
preferably a distributed Bragg reﬂec‘tor (DBR), which includes periodic layers of doped
AlGaAs with alternating higher and lower aluminum fractions.

An active region 54 is shown atop the n-type mirror stack 52. The active region
may include a bottom confinement layer and a top confinement layer, if desired. A p-type
mirror stack 60 is provided on top of the active region 54 to complete the VCSEL
structure. The p-type mirror stack 60 is preferably a distributed Bragg reflector (DBR),
which includes periodic layers of doped AlGaAs with alternating higher and lower

aluminum fractions. The n-type mirror stack 52, active region 54 and p-type mirror stack

12



10

15

20

25

30

WO 03/103190 PCT/US03/17524

60 are preferably configured to produce an outgoing light beam that has the second
wavelength and/or range of wavelengths.

An optical detector 42 is provided atop the VCSEL 44. The illustrative optical
detector 42 includes three series connected photo-diodes, which are also connected in
series with the VCSEL 44. A heavily p-doped buffer layer 64 may be provided on top
of the top mirror 60, as shown.

To form the first photo-diode, a p-doped layer 66 is provided on the heavily p-
doped buffer layer 64, followed by an n-doped layer 68. Both the p-doped layer 66 and
the n-doped layer 68 may be AlGaAs. The Al fraction is preferably adjusted to tune the
bandgap of the layers to achieve a desired absorption cutoff wavelength, which in the
illustrative embodiment, is below the emission wavelength of the VCSEL 44.

A reverse biased tunnel junction 70 is provided on the first photo-diode. The
tunnel junction 70 includes two highly but oppositely doped adjacent layers to create an
abrupt junction that produces a narrow depletion, allowing substantial tunneling current
even at relative low reverse bias voltages. In the illustrative embodiment, the bottom
layer of the tunnel junction 70 is n-type and the top layer is p-type. The n-type bottom
layer makes good electrical contact with the n-doped layer 68 of the first photo-diode, and
the p-type top layer makes good electrical contact with a p-doped layer 72 of the second
photo-diode.

Once the tunnel junction 70 is formed, the p-doped layer 72 is provided, followed
by an n-doped layer 74 to form a second photo-diode. The tunnel junction 70 makes the
series connection between the first photo-diode and the second photo-diode. Like the
first photo-diode, both the p-doped layer 72 and the n-doped layer 74 may be AlGaAs.

The Al fraction is preferably adjusted to tune the bandgap of the layers to achieve the
same cutoff wavelength as the first photo-diode, but this is not required in all
embodiments. Yet another tunnel junction 76 is then formed, followed by a p-doped
layer 78 and an n-doped layer 80 to form a third photo-diode.

During use, an incoming light beam 84 having a first wavelength and/or range of
wavelengths is provided to the top of the optical transceiver 40. Each of the first-,
second- and third-photo diodes is preferably tuned to absorb at least a portion of the first

13



10

15

20

25

30

WO 03/103190 PCT/US03/17524

wavelength and/or range of wavelengths of the incoming light beam 84. The p-type
mirror stack 60 of the VCSEL is preferably at least partially reflective at the first
wavelength and/or range of wavelengths. Thus, at least part of the light that is not
absorbed by the ﬁrsf—, second- and third-photo diodes will be reflected back through the
photo-diodes, as shown at 86. The thickness of the first-, second- and third-photo diodes
is preferably adjusted so that each photo diode absorbs approximately the same energy
from the incoming light beams 84 and 86. In one embodiment, the thickness of the first-,
second- and third-photo-diodes is about 0.30, 0.27, and 0.23 microns, respectively, for
an absorption wavelength of 808 microns. An upper contact layer 82 may be provided
to make electrical contact to the n-type layer of the third photo-diode. One or more
quarter wave oxide or nitride layers (not shown) may also be provided on top of the
structure 40 to reduce reflection and to help protect the optical transceiver 40.

In one illustrative embodiment, and to help define the current aperture of the
VCSEL 44, one or more trenches 96a-96d may be etched through the first-, second- and
third-photo diodes, and in some embodiments, into the top mirror of the VCSEL 44. This
may be accomplished with a Reactive Ion Etch (RIE), but any suitable patterning method
may be used. To facilitate selective lateral oxidization, one or more of the periodic layers
of the top DBR mirror of the VCSEL 44 is provided with a higher Al concentration
relative to the other periodic layers. One such layer 90 is shown in Figure 2. When
exposed to an oxidizing environment through the one or more trenches 96a-96d, layer 90
is selectively oxidized in a lateral direction to form a current aperture 92 for the VCSEL
44. The extent of the lateral oxidization can be controlled by controlling the exposure
time of layer 90 to the oxidizing environment. As can be seen, the exposure time is
preferably controlled so that a desired current aperture 92 remains. In one embodiment,
the current aperture 92 of the VCSEL 44 has a diameter of about 5-10 microns.

In the illustrative embodiment, the lateral dimension of the first-, second- and
third-photo diodes is greater than the lateral dimensions of the optical cavity 92 of the
VCSEL 44. In the illustrative embodiment, the lateral dimension of the first-, second-
and third-photo diodes may be on the order of 100-200 micfons, while the lateral
dimension of the optical cavity of the VCSEL 44 may be on the order of 5-10 microns.
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When an optical fiber having a diameter of, for example, 100 microns is positioned
above the optical transceiver 40, the lateral dimension of the first-, second- and third-
photo diodes may be sufficiently wide to absorb much of the incoming light beam
without the need for a lens or other light concentrating element. Further, the alignment
of the optical fiber to the first-, second- and third-photo diodes may not be difficult or
critical. Likewise, and because the optical cavity 92 of the VCSEL 44 is relatively small
relative to the diameter of the optical fiber, much of an outgoing light beam produced by
the VCSEL 44 will be captured by the optical fiber without the need for a lens or other
light concentrating element. As such, an efficient and cost effective optical transceiver
40 may be provided.

In some embodiments, the depth of the trenches 96a-96d may only be about 1-2
microns. A metal layer may then be deposited on top of the structure 40 to fill in at least
some of the trenches, such as trenches 96a and 96d, to make an electrical connection to
the top mirror 60 of the VCSEL 44. As further described below, this electrical
connection may be useful when it is desirable to provide the entire electrical potential
produced by the series connected first-, second- and third-photo diodes to other devices
or structures.

Figure 3 is a top view of the illustrative optical transceiver of Figure 2. Figure 3
shows the top of the optical detector 42 including trenches 96a-96d, as well as the lateral
extent of the lateral oxidization of layer 90 of VCSEL 44. Also shown is a metal contact
used to make electrical contact to the top of the optical detector 42.

The outer boundary of the illustrative optical detector 42 is defined by the outer
trench, which is collectively shown at 96a and 96d. The outer trench helps electrically
isolate the optical detector 42 from other optical detectors or devices formed on the same
substrate. The outer trench also helps keep the total capacitance of the detector down.
The illustrative outer trench is circular in shape, but other shapes may be used. The inner
trench, collectively shown at 96b and 96c, is also circular in shape, and is spaced inward
from the outer trench. The inner trench may be filled with an oxide or other dielectric,
if desired.

In the illustrative embodiment of Figure 3, the inner trench 96b and 96¢ include
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one or more bridges, such as bridges 110a-100d. Bridges 110a-110d provide an electrical
connection between the portion of the optical detector that is situated inside of the inner
trench and the portion of the optical detector that is situated between the inner trench and
the outer trench. When so provided, the metal contact 104 may only extend over and
make an electrical connection to the portion of the optical detector situated between the
inner trench and the outer trench. If the bridges 110a-0110d are not provided, a metal
trace may be provided across the inner trench to make an electrical connection to the
portion of the optical detector situated inside of the inner trench, if desired. As can be
seen, the optical detector 44 may cover a relatively larger area than the optical cavity 92
of the VCSEL 44.

When the outer trench and inner trench are exposed to an oxidizing environment,
layer 90 of VCSEL 44 (see Figure 2) is selectively oxidized in a lateral direction to form
a current or optical aperture 92. The extent of the lateral oxidization is shown by dashed
lines 102 and 108. In the embodiment shown, layer 90 of VCSEL 44 is oxidized outward
from the outer trench to dashed line 102, and inward from the outer trench toward the
inner trench. Likewise, layer 90 of VCSEL 44 is oxidized outward from the inner trench
toward the outer trench, and inward from the inner trench to dashed line 108. Dashed
line 108 outlines the current aperture 92 of the VCSEL 44. In one embodiment, the
current aperture 92 has a diameter of about 5-10 microns, which produces a lower power
VCSEL transmitter.

In some embodiments, the inner and outer trenches may be filled with an oxide
or other isolation material. In other embodiments, a metal layer (not shown in Figure 3)
may be deposited down into at least part of the some of the trenches, such as the inner
and/or outer trenches, to make an electrical connection to the top mirror 60 of the VCSEL
44. As further described below, this electrical connection may be useful when it is
desirable to make the entire electrical potential produced by the series connected first-,
second- and third-photo diodes available to other devices or structures. In a similar
manner, and in some embodiments, appropriate trenches and metal contacts can be
provided such that all three electrical contacts are separately available on the top surface,

enabling, for example, flip-chip bonding to either opaque or transparent substrates.
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Figure 4 is a graph showing the simulated absorptance versus wavelength for the
illustrative optical transceiver shown in Figures 2. As indicated above, the optical
detector preferably is adapted to absorb light that has a first wavelength and/or range of
wavelengths. In the graph shown in Figure 4, the expected first wavelength corresponds
to about 808 nm, as shown by line 120. As can be seen, the absorptance of the optical
transceiver is fairly high from about 750 nm to about 815 nm, with a peak at about 795
nm. In an optimal design, the peak may be positioned right at the expected first
wavelength, but offsets may be desirable to compensate for temperatufe shifts. The
absorptance has an abrupt cutoff at about 820 nm. The cutoff wavelength can be
controlled by adjusting the Al fraction that is used in the various layers of the optical
detector 44, as described above. The absorptance of a VCSEL 44 without an optical
detector is shown by line 122. As can be seen, the optical detector substantially increases
the absorptance in the range from about 775 nm to 815 nm, which includes the expected
first wavelength of about 808 nm.

Figure 5 is a graph showing the simulated reflectance versus wavelength for the
illustrative optical transceiver shown in Figure 2. As can be seen from Figure 5, the
reflectance of the optical transceiver is fairly low from about 750 nm to about 815 nm,
with a trough at about 795 nm. The reflectance has an abrupt increase at about 820 nm.
As noted above, the cutoff wavelength can be controlled by adjusting the Al fraction
used in the various layers of the optical detector 44. The reflectance of a VCSEL 44
without an optical detector is shown by line 126. As can be seen, the optical detector
substantially decreases the reflectance in the range from about 775 nm to 815 nm, which
includes the expected first wavelength of about 808 nm. Also, the optical detector does
not substantially affect the reflectance of the optical transceiver above a wavelength of
about 820 nm

The resonant wavelength of the VCSEL corresponds to the bump 130 in the
reflectance curves. As can be seen, the emission wavelength of the VCSEL 44 is about
830 nm, which is above the abrupt cutoff in absorption of the optical detector. The
emission wavelength of the VCSEL is thus at a different (e.g. second) wavelength or

range of wavelengths, as discussed above.
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Figure 6 is a graph showing the simulated reflectance and absorptance versus
wavelength for the illustrative optical transceiver shown in Figure 3. As can be seen, the
reflectance has been exclusively traded for absorption across the relevant wavelength
range, which produces an efficient optical transceiver device. Also, Figure 6 shows that
substantially all of the incoming light is either reflected or absorbed across the relevant
wavelength range. Thus little or no light is transmitted and lost deeper in the structure.

Figure 7 is a cross-sectional side view of another illustrative optical transceiver
140 in accordance with the present invention. In this illustrative embodiment, the optical
transmitter 142 transmits a light beam 146 in a direction away from the optical detector
144 (e.g. through the substrate). That is, the incoming light beam 148 and the outgoing
light beam 146 do not pass through a common side of the optical transceiver 140. In this
embodiment, the emission wavelength of the optical transmitter 142 preferably can pass
through the substrate 150. When so provided, the optical detector 144 need not be
formed from a material and/or material system that passes light at the second wavelength
and/or range of wavelengths, as described above. Instead, the first wavelength and/or
range of wavelengths to be detected by the optical detector 144 may be independently
controlled relative to the second wavelength and/or range of wavelengths to be
transmitted by the optical transmitter 142.

Figure 8 is a cross-sectional side view of yet another illustrative optical
transceiver 160 in accordance with the present invention. In this illustrative
embodiment, the optical transmitter 162 is positioned above the optical detector 164.
In this embodiment, the optical transmitter 162 may be formed from a material and/or
material system that passes at least some of the incoming light beam 166 at the first
wavelength and/or range of wavelengths to the optical detector 164. However, the
optical detector 164 need not be formed from a material and/or material system that
passes the outgoing light beam 168 with the second wavelength and/or range of
wavelengths. Rather, the optical transmitter 162 may directly transmit the outgoing
light beam up and away from the optical detector 164. This illustrative embodiment
may be particularly useful when the incoming light beam 166 is provided by a high

power laser, such as a high power 980 nm laser. The 980 nm light beam may pass
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through the optical transmitter 162 and be absorbed by the optical detector 164. In
some embodiments, a 980 nm mirror may be provided below the optical detector 164
to reflect at least some of the light that is not absorbed and passes through the optical
detector 164.

Also shown in Figure 8 is another way to define the current aperture of the
VCSEL 162. In this embodiment, a deep H+ implant is used to create an isolation region
170 that restricts the area of the current flow through the active region of the VCSEL 162.
While a deep H+ impiant is used in the illustrative embodiment of Figure 8, it is
contemplated that any type of current and/or field confinement may be used in the various
embodiments described herein, including for example, gain-guided, oxide-confinement,
mesa confinement, or any other means.

Figure 9 is a schematic diagram showing an illustrative optical transceiver and
sensor in accordance with the present invention. The illustrative optical transceiver
includes a first photo-diode 200, a second photo-diode 202, a third photo-diode 204, and
an optical transmitter 206. The first photo-diode 200, second photo-diode 202, and third
photo-diode 204 are connected in series, as shown. The optical transmitter 206 is also
connected in series with the third photo-diode 204.

In the illustrative embodiment, a transistor 208 is connected in series with the
optical transmitter 206. The transistor, which may be an enhancement or depletion mode
field effect transistor (FET), may have a drain 210, a source 212 and a gate 214. In the
illustrative embodiment, the gate of the FET 208 is controlled by a sensor 216. The
sensor 216 may be, for example, an RF coil, a chemical sensor, a temperature sensor, a
pressure sensor, or any other suitable sensor appropriate for the desired application.

During use, an incoming light beam having a first wavelength and/or range of
wavelengths may be at least partially absorbed by the first photo-diode 200, the second
photo-diode 202, and the third photo-diode 204. This may produce a voltage between
nodes 220 and 222. This voltage may be provided across the optical transmitter 206 and
the FET 208. When the FET 208 is turned off, most or all of the voltage produced by the
first photo-diode 200, the second photo-diode 202, and the third photo-diode 204 will

drop across the FET 208 and not across the optical transmitter 206. Said another way,
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the FET 208 may prevent the photocurrent generated by the first photo-diode 200, the
second photo-diode 202, and the third photo-diode 204 from traveling through the optical
transmitter 206.

However, when the sensor 216 turns the FET 208 on, at least part of the voltage
produced by the first photo-diode 200, the second photo-diode 202, and the third photo-
diode 204 will be provided across the optical transmitter 206. Said another way, when
the FET 208 is turned on, the FET 208 will allow at least some of the photocurrent
generated by the first photo-diode 200, the second photo-diode 202, and the third photo-
diode 204 to travel through the optical transmitter 206. When thus occurs, the optical
transmitter 206 may provide an outgoing light beam, and preferably an outgoing light
beam that has a second wavelength and/or range of wavelengths.

As can be seen, the first photo-diode 200, the second photo-diode 202, and the
third photo-diode 204 may be used to convert at least some of the optical power of an
incoming light beam into electrical power, and at least some of the electrical power may
be used by the optical transmitter 206 to transmit an outgoing light beam. In the
illustrative embodiment shown, the sensor may not require the use of any of the electrical
power produced by the first photo-diode 200, the second photo-diode 202, and the third
photo-diode 204. While three series comnected photo-diodes are shown, it is
contemplated that any suitable number of photo-diodes may be used.

Figure 10 is a schematic'diagram showing an illustrative optical transceiver,
controller, and one or more sensors in accordance with another embodiment of the
present invention. The illustrative optical transceiver includes a first photo-diode 230,
a second photo-diode 232, a third photo-diode 234, and an optical transmitter 236. The
first photo-diode 230, second photo-diode 232, and third photo-diode 234 are connected
in series, as shown. The optical transmitter 236 is also connected in series with the third
photo-diode 234.

Like the embodiment shown in Figure 9, a transistor 238 may be connected in
series with the optical transmitter 236. The transistor may have a drain 240, a source 242
and a gate 244. In the illustrative embodiment, the gate of the FET 238 is controlled by

a sensor/control block 246. The sensor/control block 246 may include control circuitry
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as will as one or more sensors. Illustrative sensors include, for example, an RF coil, a
chemical sensor, a temperature sensor, a pressure sensor, or any other suitable sensor
appropriate for the desired application.

During use, an incoming light beam having a first wavelength and/or range of
wavelengths may be at least partially absorbed by the first photo-diode 230, the second
photo-diode 232, and the third photo-diode 234. This may produce a voltage between
nodes 250 and 252. This voltage is provided across the optical transmitter 236 and the
FET 238. When the FET 238 is turned off, the voltage produced by the first photo-diode
230, the second photo-diode 232, and the third photo-diode 234 will drop across the FET
238 and not across the optical transmitter 236, which has no voltage drop unless current
is flowing. Said another way, the FET 238 will tend to prevent the photocurrent
generated by the first photo-diode 230, the second photo-diode 232, and the third photo-
diode 234 from traveling through the optical transmitter 236. However, when the
sensor/control block 246 turns the FET 238 on, at least part of the voltage produced by
the first photo-diode 230, the second photo-diode 232, and the third photo-diode 234 will
be provided across the optical transmitter 236. Said another way, when the FET 238 is
turned on, the FET 238 will allow at least some of the photocurrent generated by the first
photo-diode 230, the second photo-diode 232, and the third photo-diode 234 to travel
through the optical transmitter 236. When thus occurs, the optical transmitter 236 may
provide an outgoing light beam, and preferably an outgoing light beam that has a second
wavelength and/or range of wavelengths.

The sensor/control block 246 may be connected to nodes 250 and 252 as shown
in dashed lines. The sensor/control block 246 may thus receive the voltage differential
between nodes 250 and 252, and may use this voltage to power the sensor/control block
246. Using the power provided to the sensor/control block 246, the sensor/control block
246 may include circuitry or other logic that can selectively control the gate 244 of the
FET 238.

Figure 11 is a schematic diagram showing yet another illustrative optical
transceiver, controller, and one or more sensors in accordance with the present invention.

The illustrative optical transceiver includes a first photo-diode 260, a second photo-diode
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262, a third photo-diode 264, and an optical transmitter 266. The first photo-diode 260,
second photo-diode 262, and third photo-diode 264 are connected in series, as shown.
The optical transmitter 266 is connected in series with the third photo-diode 264.

Like the embodiment shown in Figures 9-10, a transistor 268 is connected in
series with the optical transmitter 266. The transistor may have a drain 270, a source 272
and a gate 274. In the illustrative embodiment, the gate 274 of the FET 268 is controlled
by a sensor/control block 276. The sensor/control block 276 may include control
circuitry as will as one or more sensors. Illustrative sensors include, for example, an RF
coil, a chemical sensor, a temperature sensor, a pressure Sensor, or any other suitable
sensor appropriate for the desired application.

During use, an incoming light beam having a first wavelength and/or range of
wavelengths may be at least partially absorbed by the first photo-diode 260, the second
photo-diode 262, and the third photo-diode 264. This may produce a voltage between
nodes 280 and 282. This voltage is provided across the optical transmitter 266 and the
FET 268. When the FET 268 is turned off, most or all of the voltage produced by the
first photo-diode 260, the second photo-diode 262, and the third photo-diode 264 will
drop across the FET 268 and not across the optical transmitter 266. Said another way,
the FET 268 will tend to prevent the photocurrent generated by the first photo-diode 260,
the second photo-diode 262, and the third photo-diode 264 from traveling through the
optical transmitter 266. However, when the sensor/control block 276 turns the FET 268
on, at least part of the voltage produced by the first photo-diode 260, the second photo-
diode 262, and the third photo-diode 264 will be provided across the optical transmitter
266. Said another way, when the FET 268 is turned on, the FET 268 will allow at least
some of the photocurrent generated by the first photo-diode 260, the second photo-diode
262, and the third photo-diode 264 to travel through the optical transmitter 266. When
thus occurs, the optical transmitter 266 may provide an outgoing light beam, and
preferably an outgoing light beam that has a second wavelength and/or range of
wavelengths.

In this embodiment, the sensor/control block 276 is connected to nodes 280 and

284. This electrical connection may be useful when it is desirable to make the entire
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electrical potential produced by the series connected first-, second- and third-photo diodes
available to the sensor/control block 276. The sensor/control block 276 may use this
voltage to power the sensor/control block 276. Using the power provided to the
sensor/control block 276, the sensor/control block 276 may include circuitry or other
logic that can be used to selectively control the gate 274 of the FET 268.

In some embodiments, the sensor/control block 276 may include an energy
storage device, such as a capacitor 290. The sensor/control block 276 may direct at least
some of the photocurrent produced by the first photo-diode 260, the second photo-diode
262, and the third photo-diode 264 to the capacitor 290, which increases the voltage
across the capacitor 290. When the sensor/control block 276 determines that it is time
to turn on the optical transmitter 266, the sensor/control block 276 may connect the
capacitor 290 to the gate 274 of the FET 268. The energy stored in the capacitor 290 may
be used to drive the FET 268, when desired. It may also be used to provide higher peak
power to the sensor than would otherwise be available.

In some applications, it may be desirable to provide control or other signals to
the sensor/control block 276. In one embodiment, one or more control or other
signals may be provided in the incoming light beam. The one or more control or other
signals may, for example, be modulated on top of an optical power signal, or may be
provided at a slightly different wavelength. In either case, the first photo-diode 260,
the second photo-diode 262, and the third photo-diode 264 may detect both the optical
power signal and the one or more control or other signals, as desired. The
sensor/control block 276 may have circuitry that is capable of extracting the one or
more control or other signals from the incoming light beam, as desired.

Figure 12 is a schematic diagram showing an illustrative optical transceiver and
controller in accordance with the present invention. The illustrative optical transceiver
includes a first photo-diode 290, a second photo-diode 292, a third photo-diode 294, and
an optical transmitter 296. The first photo-diode 290, second photo-diode 292, and third
photo-diode 294 are connected in series, as shown.

Tn this embodiment, a control block 298 is connected to nodes 300 and 302. The

control block 298 may or may not have its own power source. When the control block
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298 does not have its own power source, the electrical potential produced by the series
connected first-, second- and third-photo diodes may be used to power the control block
298. In either case, the control block 298 may have circuitry for extracting one or more
control or other signals from the incoming light beam. The one or more control or other
signals may be provided to one or more sensors or some other destination via line 304

The control block 298 may also receive one or more external signals via line 306.
The external signals may be provided by one or more sensors or some other signal source
such as a computer, a piece of telecommunications equipment, etc. The control block
298 may convert the one or more external signals into an outgoing light beam by applying
an appropriate current/voltage to the optical transmitter 296. Preferably, the first photo-
diode 290, second photo-diode 292, and third photo-diode 294, are positioned along a
common optical axis with the optical transmitter 296, as described above.

Figure 13 is a timing diagram showing an illustrative method for operating an
optical transceiver in accordance with the present invention. In this illustrative
method, an incoming light beam having a first beam intensity is provided by a local
transceiver through an optical medium to a remote transceiver. The incoming light
beam preferably has a first wavelength and/or range of wavelengths. The remote
optical transceiver receives the incoming light beam, and using at least some of the
power from the incoming light beam, transmits an outgoing light beam having a
second beam intensity back to the local transceiver. The outgoing light beam
preferably has a second wavelength and/or range of wavelengths.

To maintain the remote optical transmitter at or near threshold, the local
transceiver may increase the beam intensity of the incoming light beam until the
detected beam intensity of the outgoing light beam reaches a predetermined level.
Once this is achieved, the outgoing light beam may be modulated by the remote
transceiver to provide an optical signal in the outgoing light beam.

Referring specifically to Figure 13, the local transceiver may begin by
increasing the beam intensity of the incoming light beam, as shown at 330. The
remote optical detector detects the incoming light beam, and eventually provides

sufficient voltage/current to place that remote optical transmitter at or near threshold,
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such as at threshold 332. The local transceiver then detects the beam intensity of the
outgoing light beam to determine when the remote transmitter is at or near threshold.
When the remote transmitter is at or near threshold, the beam intensity of the
incoming light beam may be held relatively constant, as shown at 334.

Once the remote optical transmitter is at or near threshold, the remote
transceiver may modulate the outgoing light beam to provide an optical signal in the
outgoing light beam, as shown at 336, 338 and 340. The outgoing light beam may be
modulated using, for example, frequency modulation, amplitude modulation, digital
modulation, or any other type of modulation as desired.

Figure 14 is a timing diagram showing another illustrative method for operating
an optical transceiver in accordance with the present invention. In this illustrative
method, the local transmitter provides an incoming light beam that has a relatively
constant beam intensity 350, which is preferably sufficient to power the remote optical
transceiver. The remote optical transceiver then only provides power to the remote
optical transmitter when a signal is to sent back to the local tra)nsceiver. The remote
optical transceiver may modulate the outgoing light beam to provide one or more optical
signals in the outgoing light beam, as shown at 352, 354 and 356. Like above, the
outgoing light beam may be modulated using, for example, frequency modulation,
amplitude modulation, digital modulation, or any other type of modulation as desired.

Figure 15 is a timing diagram showing yet another illustrative method for
operating an optical transceiver in accordance with the present invention. This method
is similar to that shown in Figure 14. That is, the local transmitter provides an optical
power signal in the incoming light beam that has a relatively constant beam intensity,
which is preferably sufficient to power the remote optical transceiver. However, the local
transmitter also modulates one or more control signals on top of the optical power signal,
as shown at 360, 362 and 364. The remote optical transceiver may detect both the optical
power signal and the one or more control signals, and extract the one or more control
signals, as desired. The remote optical transceiver may also modulate the outgoing light
beam to provide one or more optical signals in the outgoing light beam, as shown at 370,

372 and 374. The incoming light beam and outgoing light beam may be modulated
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using, for example, frequency modulation, amplitude modulation, digital modulation, or
any other type of modulation as desired.

Figure 16 is a schematic diagram showing another illustrative optical transceiver,
which uses selected parameters or characteristics of the optical transceiver and/or optical
transmission medium (e.g. fiber) as a sensing element. The remote optical transceiver
is generally shown at 400. In the illustrative embodiment, the remote optical transceiver
400 includes an optical detector and an optical emitter, collectively shown at 402. An
optical fiber 404 or other light-transmitting medium may be provided to deliver an optical
power signal from a local optical transceiver (not shown) to the remote optical transceiver
400. The optical fiber 404 may also accept an optical return signal 412 provided by the
remote optical transceiver 400, as described above.

In the illustrative embodiment, a filter 406 or the like is provided between the
optical fiber 404 and the remote optical transceiver 402. The filter 406 is preferably
adapted to alter the optical coupling between the optical fiber 404 and the remote optical
transceiver 402 with one or more environmental characteristics. For example, the filter
406 may become less optically efficient with temperature, pressure, vibration, stress or
some other environmental characteristic. For example, the filter 406 may be a length of
optical fiber, or any other suitable material, that produces changes in optical efficiency
when subjected to changing environmental characteristics. For a pressure sensor, the
filter 406 may be a diaphragm or the like, which is adapted to change the distance,
alignment, angle or other parameter between the optical fiber 404 and the remote optical
transceiver 402 when exposed to changing pressures. The changes in distance, alignment
and/or angle can produce a change in the optical coupling between the optical fiber 404
and the remote optical transceiver 402.

During use, a local optical transceiver may provide an optical power signal 408
to the optical detector of the remote optical transceiver 402. The optical power signal
408 may be at a first wavelength in some embodiments. Like above, the optical detector
may detect and convert the optical power signal 408 into an electrical power signal,
which may be provided to the optical emiiter of the remote optical transceiver 402. The

optical emitter may then provide an optical return signal 410 back to the local optical
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transceiver. The optical return signal 410 may be at a second wavelength.

The filter 406 may alter the optical coupling between the optical fiber 404 and the
remote optical transceiver 402 when one or more environmental characteristics change.
For example, the filter 406 may become less optically efficient with the temperature,
pressure or some other environmental characteristic changes. Thus, for example, when
the temperature, pressure or other environmental characteristic changes, a portion of the
optical return signal 410 may be blocked or otherwise filtered by the filter 406. A
remaining portion of the optical return signal 412 may be allowed to pass to the local
optical transceiver via the fiber 404, the amount depending on the value of the desired
environmental characteristic. As can be seen, and in this illustrative embodiment, a
measure of the desired environmental characteristic may be determined by examining the
optical return signal 412. Alternatively, or in addition, the filter 406 may produce a
change in the wavelength and/or phase of the optical return signal 410 with temperature,
pressure, vibration, or some other environmental characteristic. For example, a measure
of the desired environmental characteristic may be determined by examining the
wavelength and/or phase of the optical return signal 412.

In another illustrative embodiment, the filter 406 is not provided. Instead,
changes in selected performance parameters of the remote optical transceiver 402 and/or
fiber 404 may be used to provide a measure of the desired environmental
characteristic(s). For example, an optical emitter such as a VCSEL may have a number
of performance parameters, such as turn-on threshold, emission wavelength, emitting
efficiency and/or other parameters, which change with temperature. As such, and in this
example, a measure of the temperature in and around the remote optical emitter may be

determined by monitoring one or more performance parameters of the optical emitter.

In one illustrative embodiment, this may be accomplished by providing an optical
power signal 408 to the optical detector of the remote optical transceiver 402. The
optical detector may detect and convert the optical power signal 408 into an electrical
power signal, which may then be provided to the optical emitter of the remote optical

transceiver 402. The optical emitter may then provide an optical return signal 410 back
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to the local optical transceiver. The remote optical transceiver 402 may include control
circuitry that receives the electrical power signal provided by the optical detector, and ‘
provides a constant current to the optical emitter. The control circuitry may include, for
example, a constant current source. The constant current source may drive the optical
emitter at a constant level. A change in emitting efficiency of the remote optical emitter,
cause by a temperature change for example, will cause the output power of the optical
return signal 410 to change. By monitoring the output power of the optical return signal
410, the temperature in and around the remote optical emitter can be determined. In
another embodiment, the wavelength of the remote optical emitter may change with
temperature. In this embodiment, the wavelength of the optical return signal 410 may be
monitored to determine the temperature in and around the remote optical emitter.

In another illustrative embodiment, the turn-on threshold of the remote optical
emitter may vary with temperature or some other environmental characteristic. In this
embodiment, the local optical transceiver may vary the power of the optical power signal
408 to identify the turn-on threshold of the remote optical emitter. The threshold of the
remote optical emitter may be determined by, for example, noting the power level of the
optical power signal 408 when the remote optical emitter begins to provide an optical
return signal 410. By monitoring the threshold of the remote optical emitter, the
temperature or other environmental characteristic in and around the remote optical
emitter can be determined.

In another illustrative embodiment, the remote optical detector may be adapted
to provide, for example, an absorption cut-off wavelength that changes with a desired
environmental characteristic, such as temperature. When so provided, a temperature
change may cause the remote optical detector to detect less of the optical power signal
408 provided by the local optical transceiver. This, in turn, may cause less electrical
power to be delivered to the remote optical emitter, which may reduce the power level
of the optical return signal 410. Thus, by monitoring the power level of the optical return
signal 410, a measure of the temperature in and around the remote optical detector can
be determined.

In another illustrative embodiment, the transmission characteristics of the fiber
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404 may be used to detect certain environmental characteristics. In many cases, the
transmission characteristics of optical fiber change with temperature, pressure, stress,
bending, etc. In some embodiments, the optical emitter is driven at a constant level
and/or so that the output emission of the optical emitter is relatively constant.. Then, any
changes in the optical return signal 412 may be caused by variations in the transmission
characteristics of the fiber 404. In some embodiments, the fiber 404 may be coiled or
otherwise configured at the location to be sensed to increase the sensitivity of the
measurement. Then, by monitoring the optical return signal 412, a measure of the sensed
environmental characteristic can be determined. These are just a few illustrative
examples of how changes in selected performance parameters of the remote optical
transceiver 402 and/or fiber 404 may be used to provide a measure of the desired
environmental characteristic(s) in and around the remote optical transceiver 402.
Figure 17 is a schematic diagram showing another illustrative optical transceiver,
which uses a fluorescent material 420 as a sensing element. In one embodiment, a flow
stream 418 of gas or liquid is directed past the fluorescent material 420. The fluorescent
material 420 may be adapted to fluoresce when one or more constituents are present in
the flow stream, and when the fluorescent material 420 is illuminated with a
predetermined wavelength of light. The remote optical emitter may be used to illuminate
the fluorescent material 420 with the predetermined wavelength of light 422. The
fluorescent material 420 may then fluoresce at a level that is dependent on the
environmental characteristics to be sensed, and thus provide an optical return signal 424
back to a local optical transceiver. The magnitude of the optical return signal 424 may,
for example, provide an indication of the concentration of the one or more constituents
in the flow stream 418. The predetermined wavelength of light 422 provided by the
remote optical emitter and the optical return signal 424 may be at different wavelengths.
When measuring constituent concentrations, for example, chemical assays and/or other
chemical analyses may be performed in and around the remote optical transceiver.
Figure 18 is a schematic diagram showing another illustrative optical transceiver,
which uses the optical emission of the optical transceiver to sense one or more

environmental parameters. In this illustrative embodiment, the remote optical transceiver
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includes an optical emitter that provides light in two or more directions. In one direction,
light 426 is provided to sense one or more environmental characteristic(s) in and around
the remote optical transceiver 430. In the other direction, light 428 is provided as an
optical return signal to a local optical transceiver via fiber 432.

During use, and like above, a local optical transceiver may provide an optical
power signal 434 to the remote optical transceiver. The remote optical detector of the
remote optical transceiver 430 may detect and convert the optical power signal 434 into
an electrical power signal, which may be provided to the remote optical emitter of the
remote optical transceiver 430. The remote optical emitter may then provide light in both
directions, as described above.

In the illustrative embodiment, the remote optical emitter of the remote optical
transceiver 430 is a VCSEL. A VCSEL typically has two opposing mirrors that form a
Fabry-Perot cavity. In this embodiment, the reflectivity of the two opposing mirrors may
be adapted to emit a first light beam through one of the opposing mirrors and a second
light beam through the other opposing mirror.

One of the first and second light beams, such as light beam 426, is directed
toward a reflecting surface 436, sometimes through a lens 438. Any suitable lens or lens
system, or no lens at all, may be used, depending on the application. The light beam 426
is reflected off the reflecting surface 436, and provided back to the VCSEL. Some of the
reflected light may enter the VCSEL, and depending on the relative phase of the reflected
light, causes a level of noise (e.g. interference) within the VCSEL. The noise level within
the VCSEL can be transmitted back to the local optical transceiver in the optical return
signal 428. The relative phase of the reflected light is related to the distance "d" 440
between the VCSEL and the reflecting surface 436. By monitoring the noise level in the
optical return signal 428, a measure of the distance "d" 440 can be determined.

In one illustrative embodiment, the reflecting surface 436 may be fixed to a
pressure-sensing diaphragm, wherein the diaphragm moves towards or away from the
VCSEL depending on the pressure in and around the diaphragm. As the pressure in and
around the diaphragm changes, the distance "d" 440, and thus the relative phase of the

reflected light, also changes. As described above, this change may cause a change in the
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noise level within the VCSEL, which is provided in the optical return signal 428. By
monitoring the noise level in the optical return signal 428, a measure of the distance "d"
440, and thus the pressure in and around the diaphragm, can be determined.

Figure 19 is a schematic diagram showing yet another illustrative optical
transceiver which uses the optical emission of the optical transceiver to sense one or more
parameters. This embodiment is similar to the embodiment shown and described with
respect to Figure 18, but uses the optical absorption of one or more constituents in a flow
stream 450 to attenuate or otherwise change the intensity of the reflected light 448. In
this embodiment, the reflecting surface 452 may or may not move. Like above, some of
the reflected light 448 enters the VCSEL of the remote optical transceiver 454. The
distance between the VCSEL and the reflecting surface 452 may be such that the reflected
light 448 is at least partially out of phase with the light emitted by the VCSEL, and thus
may produce a level of noise (e.g. interference) within the VCSEL. The level of noise
is then transmitted back to the local optical transceiver through an optical return signal
456.

If the flow stream 450 includes a high concentration of the one or more
constituents, more of the reflected light 448 may be absorbed by the flow stream, and the
intensity of the reflected light 448 that enter the VCSEL may be reduced. This, in turn,
may reduce the noise level in the VCSEL. In some cases, a high concentration of one or
more constituents may cause less of the reflected light 448 to be absorbed, and the
intensity of the reflected light 448 that enter the VCSEL may be increased. This, in turn,
may increase the noise level in the VCSEL. In either case, the changes in noise level, and
thus the concentration of the one or more constituents, can be detected by monitoring the
noise level in the optical return signal 456.

Rather than using the VCSEL itself to detect changes in the reflected light, it is
contemplated that a separate remote detector may be provided. The separate remote
detector may detect changes in the intensity, phase or some other characteristic of the
reflected light 448. The detected changes may then be transmitted back to the local
optical transceiver in the optical return signal 456. The separate remote detector may be

used in conjunction with, for example, the embodiments shown and described with
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respect to Figures 18 and 19, as well as other embodiments.

Figure 20 is a schematic diagram showing another illustrative optical transceiver
which uses the optical emission of the optical transceiver along with a fluorescent
material to sense one or more environmental characteristics. This embodiment is similar
to the embodiments shown in Figures 18-19, but includes a fluorescent material 460
rather than, or in addition to, a reflecting surface. In one embodiment, a flow stream 462
of gas or liquid is directed past the fluorescent material 460. The fluorescent material
460 may be adapted to fluoresce when one or more constituents are present in the flow
stream 462, and when the fluorescent material 460 is illuminated with a predetermined
wavelength of light. The remote optical emitter (e.g. VCSEL) may be used to illuminate
the fluorescent material 460 with the predetermined wavelength of light 464, after which
the fluorescent material 460 may fluoresce and provide a fluorescent optical signal to the
remote optical transceiver 466. The magnitude of the fluorescent optical signal may
provide an indication of the concentration of the one or more constituents in the flow
stream 462. In the illustrative embodiment, the predetermined wavelength of light 464
provided by the VCSEL, and the fluorescent optical signal are at different wavelengths,
but this is not required.

When the predetermined wavelength of light 464 and the fluorescent optical
signal are of the same wavelength, the VCSEL itself may serve as a detector, as described
above. When the predetermined wavelength of light 464 and the fluorescent optical
signal are of different wavelengths, a separate remote detector 468 may be used to detect
the fluorescent optical signal. In either case, a measure of the fluorescent optical signal
may be provided to the local optical transceiver via the optical return signal 470. This
embodiment may be used to perform, for example, chemical assays or other chemical
analyses in and around the remote optical transceiver.

Figure 21 is a schematic diagram showing an illustrative optical transceiver that
uses an optical emitter to both generate optical power from an incoming light beam and
provide an optical return signal. In this illustrative embodiment, the remote optical
emitter 498 is a VSCEL, but it is contemplated that any other suitable optical emitter may
be used. When a VCSEL receives light 500 that is below the optical power required to
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turn on the VCSEL 498, the VCSEL 498 can supply a small amount of current. The light
is absorbed in the active region of the VCSEL 498, which generates the small amount of
current. A control block 506 may receive the small amount of current from the VCSEL
498, and charge a remote power source 502. The remote power source 502 may include,
for example, a battery or capacitor 504. The remote power source 502 may be
continuously charged with a small amount of light, or may be charged more rapidly with
a pulse of a larger amount of light. The remote power source 502 may store the collected
charge, and may later use the charge to drive the VCSEL 498 to provide an optical return
signal 514.

In some embodiments, a remote sensor 510 may be provided to sense one or more
environmental characteristics in and around the remote sensor 510. The remote power
source 502 may provide power to the remote sensor 510, if desired. In some
embodiments, the control block 506, the VCSEL 498 and/or the remote sensor 510 may
require more voltage than can be provided by the remote power source 502. In these
cases, control block 506 may include charge-pumping circuitry or other circuitry or '
devices to develop higher operating voltages. In some embodiments, the signal 512 from
the remote sensor 510 may be delivered to the VCSEL 498 and/or the control block 506
using similar charge pump circuitry to develop a sufficient operating voltage.

Rather than providing a remote sensor 510, and as described above, it is
contemplated that changes in selected performance parameters of the VCSEL 498 and/or
fiber 516 may be used to provide a measure of the desired environmental
characteristic(s). In one illustrative embodiment, the VCSEL 498 detects and converts
an optical power signal 500 into a current, which is then stored in the remote power
source 502. After the remote power source 502 is sufficiently charged, the remote power
source may supply the VCSEL 498 with sufficient current to provide the optical return
signal 514 back to a local optical transceiver.

As noted above, a change in emitting efficiency of the VCSEL 498 caused by a
temperature change or other environmental characteristic in or around the VCSEL 498
may cause the output power of the optical return signal 514 to change. By monitoring the

output power of the optical return signal 514, the temperature or other environmental
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characteristic in and around the VCSEL 498 may be determined. Likewise, the
wavelength, threshold and/or other performance characteristics of the VCSEL 498 may
be used to determine one or more environmental characteristic in and around the VCSEL
498.

Having thus described the preferred embodiments of the present invention, those
of skill in the art will readily appreciate that the teachings found herein may be applied

to yet other embodiments within the scope of the claims hereto attached.
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WHAT IS CLAIMED IS:

1. An optical transceiver for detecting an incoming light beam along a
light beam axis and for transmitting an outgoing light beam along the light beam axis,
the optical transceiver comprising:

an optical detector positioned along the light beam axis for receiving the
incoming light beam and for detecting a first wavelength and/or range of wavelengths;
and

an optical transmitter positioned along the light beam axis for transmitting the
outgoing light beam, wherein the outgoing light beam includes a second wavelength

and/or range of wavelengths.

2. An optical transceiver according to claim 1 wherein the optical
transceiver has a first side and a second side, wherein the optical detector and the
optical transmitter are positioned between the first side and the second side along the

light beam axis.

3. An optical transceiver according to claim 2 wherein the incoming light
beam enters the optical transceiver from the first side and the outgoing light beam

exists the optical transceiver from the first side.

4. An optical transceiver according to claim 3 wherein the optical detector
is positioned adjacent the first side of the optical transceiver and the optical

transmitter is positioned downstream of the optical detector.

5. An optical transceiver according to claim 4 wherein the optical detector
includes one or more absorbing layers that at least partially absorb light of the first
wavelength and/or range of wavelengths and at least partially passes light of the

second wavelength and/or range of wavelengths.

6. An optical transceiver according to claim 5 wherein the optical
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transmitter is a Vertical Cavity Surface Emitter Laser (VCSEL), and the optical

detector includes one or more photo diodes.

7. An optical transceiver according to claim 3 wherein the optical
transmitter is positioned adjacent the first side of the optical transceiver and the

optical detector is positioned downstream of the optical transmitter.

8. An optical transceiver according to claim 7 wherein the optical
transmitter includes one or more layers that at least partially passes light of the first

wavelength and/or range of wavelengths to the optical detector.

9. An optical transceiver according to claim 8 wherein the optical
transmitter is a Vertical Cavity Surface Emitter Laser (VCSEL), and the optical

detector includes one or more photo diodes.

10.  An optical transceiver according to claim 2 wherein the incoming light
beam enters the optical transceiver from the first side and the outgoing light beam

exists the optical transceiver from the second side.

11.  An optical transceiver according to claim 1 wherein the optical detector
includes one or more photo diodes, and wherein the one or more photo diodes provide

power either directly or indirectly to the optical transmitter.

12.  An optical transceiver according to claim 11 wherein the optical
detector includes two or more photo diodes connected in series, and wherein the two
or more series connected photo diodes are connected in series with the optical

transmitter.

13.  An optical transceiver according to claim 12 further including a

transistor that is connected in series with the two or more photo diodes and optical
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transmitter.

14.  An optical transceiver according to claim 13 wherein the transistor is a
field effect transistor (FET), and wherein the drain and source of the FET are

connected in series with the two or more photo diodes and the optical transmitter.

15. An optical transceiver according to claim 14 wherein the gate of the

FET is controlled either directly or indirectly by a sensor.

16.  An optical transceiver according to claim 1 wherein the optical detector

includes two or more photo diodes connected in series by diode connections.

17.  An optical transceiver according to claim 16 wherein selected diode
connections include a tunnel junction that has two highly but oppositely doped

adjacent layers.

18. An apparatus, comprising:

a light transmitting medium;

a first transceiver, the first transceiver having an optical transmitter for
providing a first light beam having a first wavelength and/or range of wavelengths and
an optical detector for detecting a second light beam having a second wavelength
and/or range of wavelengths, the first light beam being transmitted through the light
transmitting medium and the second light beam being received through the light
transmitting medium;

a second transceiver, the second transceiver having an optical transmitter for
providing the second light beam to the light transmitting medium and an optical
detector for detecting the first wavelength and/or range of wavelengths of the first
light beam, the optical transmitter and the optical detector of the second transceiver
being located along a common optical axis; and

wherein the optical detector of the second transceiver supplies power to the
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optical transmitter of the second transceiver.

19.  An apparatus according to claim 18 wherein the light transmitting

medium includes free space.

20.  An apparatus according to claim 18 wherein the light transmitting

medium includes an optical fiber having a first end and a second end.

21.  An apparatus according to claim 20 wherein the first transceiver is
located adjacent the first end of the optical fiber, and the second transceiver is located

adjacent the second end of the optical fiber.

22.  An apparatus according to claim 18 wherein the second transceiver
further includes a controller for controlling the optical transmitter of the second

transceiver.

23.  An apparatus according to claim 22 wherein the controller is coupled
to a sensor that provides one or more sensor output signals, the controller using the
one or more sensor output signals to produce a control signal that controls the optical

transmitter of the second transceiver.

24.  An apparatus according to claim 23 wherein the control signal is

frequency modulated.

25.  An apparatus according to claim 23 wherein the control signal is

amplitude modulated.

26.  An apparatus according to claim 23 wherein the control signal is a
digital signal.
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27.  An apparatus according to claim 22 wherein the optical detector of the

second transceiver supplies power to the controller.

28.  An apparatus according to claim 22 wherein the controller receives one

or more control signals via the optical detector of the second transceiver.

29.  An apparatus according to claim 28 wherein the one or more control
signals received via the optical detector of the second transceiver are extracted from
the first light beam, wherein the one or more signals are encoded in the first light

beam using frequency modulation.

30.  An apparatus according to claim 28 wherein the one or more control
signals received via the optical detector of the second transceiver are extracted from
the first light beam, wherein the one or more signals are encoded in the first light

beam using amplitude modulation.

31. An apparatus according to claim 28 wherein the one or more control
signals received via the optical detector of the second transceiver are extracted from
the first light beam, wherein the one or more signals are encoded in a digital format in

the first light beam.

32. A catheter, comprising:

a catheter shaft having a proximal end, a distal end, and a lumen extending at
least partially therethrough;

an optical fiber extending within the lumen of the catheter shaft, the optical
fiber having a proximal end and a distal end;

a first transceiver positioned adjacent the proximal end of the optical fiber, the
first transceiver having an optical transmitter for providing a first light beam having a
first wavelength and/or range of wavelengths and an optical detector for detecting a

second wavelength and/or rénge of wavelengths of a second light beam, the first light
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beam being transmitted to the proximal end of the optical fiber and the second light
beam being received from the proximal end of the optical fiber;

a second transceiver positioned adjacent the distal end of the optical fiber, the
second transceiver having an optical transmitter for providing the second light beam
to distal end of the optical fiber and an optical detector for detecting the first
wavelength and/or range of wavelengths of the first light beam received through the
optical fiber, the optical transmitter and the optical detector of the second transceiver
being located along a common optical axis; and

wherein the optical detector of the second transceiver supplies power to the

optical transmitter of the second transceiver.

33. A catheter according to claim 32 further comprising a sensor coupled

to the second transceiver.

34. A catheter according to claim 33, wherein the second transceiver
further includes a controller coupled to the sensor for receiving one or more sensor

output signals and for controlling the optical transmitter of the second transceiver.

35. A catheter according to claim 32 wherein the lumen extends from the
proximal end of the catheter shaft to a location distal of the proximal end of the

catheter shaft.

36. A catheter according to claim 35 wherein the optical fiber extends from
the proximal end of the catheter shaft, through the lumen, to a location distal of the

proximal end of the catheter shaft.

37. A method for providing power to a remote transceiver, wherein the
remote transceiver provides an optical signal, the method comprising:
providing a first light beam having a first beam intensity through an optical

fiber to the remote transceiver, the first light beam having a first wavelength and/or
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range of wavelengths;

transmitting a second light beam from the remote transceiver through the
optical fiber, the second light beam having a second beam intensity and a second
wavelength and/or range of wavelengths;

detecting the first wavelength and/or range of wavelengths of the first beam at
the remote transceiver and extracting power therefrom;

using at least some of the power from the first beam to transmit the second
light beam from the remote transceiver;

modulating the second light beam to provide the optical signal in the second
light beam.

38. A method for providing power to a remote transceiver, wherein the
remote transceiver provides an optical signal, the method comprising:

providing a first light beam having a first beam intensity through an optical
fiber to the remote transceiver, the first light beam having a first wavelength and/or
range of wavelengths;

transmitting a second light beam from the remote transceiver through the
optical fiber, the second light beam having a second beam intensity and a second
wavelength and/or range of wavelengths;

detecting the first wavelength and/or range of wavelengths of the first beam at
the remote transceiver and extracting power therefrom;

using at least some of the power from the first beam to transmit the second
light beam from the remote transceiver;

increasing the first beam intensity of the first light beam until the second beam
intensity of the second light beam reaches a predetermined level; and

modulating the second light beam to provide the optical signal in the second

light beam.

39. A method according to claim 38 wherein the second light beam is

transmitted via a Vertical Cavity Surface Emitting Laser (VCSEL), and the
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predetermined level substantially corresponds to the "on" threshold of the VCSEL.

40. A method according to claim 39 wherein the first wavelength and/or
range of wavelengths of the first beam is detected by two or more series connected

photo diodes.

41. A sensor for sensing at least one environmental characteristic,
comprising:

an optical emitter, the optical emitter for producing an output emission,
wherein the output emission is dependent on the at least one environmental
characteristic; and

determining means for determining a measure of the at least one

environmental characteristic based on the output emission of the optical emitter.

42. A sensor according to claim 41 further comprising:

an optical detector for receiving an optical power signal, and for providing an
electrical power signal to the optical emitter; and

a transceiver for providing the optical power signal to the detector, and for

receiving the output emission of the optical emitter.

43. A sensor according to claim 41 wherein the output emission includes a
magnitude and a wavelength, the magnitude and/or wavelength of the output emission

being dependent on the at least one environmental characteristic.

44. A sensor according to claim 41 wherein the optical emitter further
provides a sensor output emission, the sensor output emission being directed at a
reflective surface, wherein the reflective surface returns a reflected light beam to the
optical emitter, the reflected light beam being dependent on the at least one

environmental characteristic and effecting the output emission of the optical emitter.
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45. A sensor according to claim 44 wherein the reflected light beam has a
phase, and the phase of the reflected light beam is dependent on the at least one

environmental characteristic.

46. A sensor according to claim 45 wherein the reflective surface is
secured relative to a diaphragm, wherein the diaphragm moves the reflective surface
relative to the optical emitter, the movement being dependent on the at least one

environmental characteristic.

47. A sensor according to claim 41 wherein the optical emitter further
provides a sensor output emission, the sensor output emission being directed at a
fluorescent material, wherein the fluorescent material returns a light beam to the
optical emitter, the light beam being dependent on the at least one environmental

characteristic and effecting the output emission of the optical emitter.

48. A sensor for sensing at least one environmental characteristic,
comprising:

an optical emitter for providing an output emission;

a detector;

a filter for receiving the output emission of the optical emitter, and for
allowing a portion of the output emission to pass to the detector, wherein the portion
of the output emission that is allowed to pass to the detector is dependent on the at
least one environmental characteristic; and

determining means coupled to the detector for determining a measure of the at
least one environmental characteristic based on the portion of the output emission that

is allowed to pass to the detector.

49. A sensor according to claim 48 further comprising an optical fiber
interposed between the filter and the detector for delivering the output emission that is

allowed to pass to the detector to the detector.
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50. A sensor according to claim 49 wherein the filter includes a diaphragm
that changes the alignment, distance and/or angle between the optical emitter and the

optical fiber.
51. A sensor according to claim 48 wherein the filter is an optical fiber.

52. A sensor for sensing at least one environmental characteristic,
comprising:

an optical emitter for providing an output emission;

a detector; ‘

a filter for receiving the output emission of the optical emitter, and for
providing a return optical signal to the detector, the return optical signal being
dependent on the at least one environmental characteristic; and

determining means coupled to the detector for determining a measure of the at

least one environmental characteristic based on the return optical signal.

53. A sensor according to claim 52 wherein the filter includes a fluorescent

material.

55.  An apparatus, comprising:

a VCSEL;

power storage means;

an optical emitter, the optical emitter for providing an optical power signal to
the VCSEL during a first period of time, the VCSEL in turn, providing current to the
power storage means;

the power storage means delivering signal to the VCSEL during a subsequent
period of time, wherein the VCSEL generates an output emission; and

an optical detector for detecting the output emission of the VCSEL.
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56.  An apparatus according to claim 55 further comprising charge pumping
means, the charge pumping means raising the voltage of the signal provided by the

power storage means to the VCSEL.

57.  An apparatus according to claim 55 further comprising:

sensor means for providing a sensor signal to the VCSEL;

58.  An apparatus according to claim 57 further comprising charge pumping

means, the charge pumping means raising the voltage of the sensor signal.
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