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(57) ABSTRACT 

An optical wireless transceiver for communicating broad 
band signals through free space includes an input, a regen 
erator, a splitter and a plurality of lasers in transmitter 
modules. Avery fast (low f-number) optical receiver module 
includes a re?ector aligned with an input aperture. A pho 
todiode receives the signal from the re?ector for subsequent 
demodulation. A background rejection ?lter is disposed 
between the re?ector and the photodiode at the focal point 
of the mirror. The transceiver provides signal regeneration 
and switchable data rates. Connections are made to optical 
or electrical digital inputs and outputs bearing signals of 
various protocols. The plurality of lasers includes adjust 
able-beamwidth collimating lenses. An ef?cient high-cur 
rent, high power laser driver capable of modulating a laser 
between 100 and 1500 mA at data rates greater than 10 
Mbits/sec is provided. A highly ef?cient thermoelectric 
cooler operates to cool the laser diode, or other components 
requiring cooling. 
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LASER COMMUNICATION SYSTEM 

PRIORITY 

[0001] This is a divisional US. patent application Ser. No. 
09/769,082, ?led Jan. 24, 2001, the disclosure of Which is 
incorporated herein by reference, to Which priority under 35 
U.S.C. § 120 is claimed. 

BACKGROUND 

[0002] 1. Field of the Invention 

[0003] The ?eld of the present invention is laser commu 
nications. 

[0004] 2. Background of the Invention 

[0005] High quality video and audio signals and high 
bandWidth data signals (called “broadband” signals) are 
becoming increasingly desirable in today’s digital World. A 
signi?cant challenge is getting high bandWidth communica 
tions to end users, or reaching the so-called “last mile” 
market segment. Most U.S. metro centers are serviced by 
multiple providers over SONET ?ber optic rings, With ?ber 
to certain major buildings. Many, if not most, buildings, are 
not on ?ber rings, hoWever, and laying ?ber can be time 
consuming and prohibitively expensive. In some instances, 
it may be practically impossible to obtain property rights 
of-Way to provide a high-bandWidth connection to the 
desired location. 

[0006] While Wireless radio frequency (RF) systems can 
provide data rates of 155 Mbps, there is limited spectral 
bandWidth available, communication licenses are generally 
required, the possibility for mutual interference exists, and 
the requisite equipment is expensive. Extending to higher 
data rates is dif?cult for RF frequencies With good atmo 
spheric propagation characteristics. 

[0007] Atmospheric laser communication provides a 
potential alternative for Wireless point-to-point communica 
tions of high bandWidth signals. For instance, laser trans 
ceivers are capable of sending high bandWidth signals 
through the atmosphere. HoWever, commercially available 
laser systems capable of transmitting high bandWidth signals 
across distances longer than a small city block are prohibi 
tively large and extremely expensive. Moreover, several 
challenges must be overcome to facilitate high bandWidth 
laser communications over signi?cant distances. One con 
sideration is ensuring reliable communications despite vary 
ing atmospheric conditions. Since conditions such as fog in 
particular are dif?cult for loW poWer laser beams to pen 
etrate, ensuring uninterrupted atmospheric laser communi 
cations requires the use of high poWer lasers. A second 
design consideration is preventing high poWer laser beams 
used in an atmospheric laser system from causing eye or 
tissue damage if received by people. At short Wavelengths, 
non-eyesafe poWer levels can permanently damage the eye 
before the victim becomes aWare, because the retina has no 
pain sensors 

[0008] Further complicating the use of atmospheric lasers 
is a phenomenon called scintillation that causes the random 
fading of signals transmitted through the atmosphere. It is 
understood that the atmosphere is not homogeneous, in that 
the index of refraction of air is not constant due to Wind or 
turbulence. The transmission of a beam of light through the 
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atmosphere is subject to these variations in the index of 
refraction such that the beam may be momentarily de?ected 
from a straight path. With such de?ection, an observer of the 
beam perceives the source to be ?ickering. Such ?ickering 
is highly disruptive to data transmission. A solution may be 
found in aperture averaging, by increasing the siZe of the 
apertures of the receiving unit. The intensity of the source 
can, to a certain extent, mitigate losses in transmission 
Where the sensitivity of the receiver is not correspondingly 
decreased. Often, hoWever, physical and practical limita 
tions detract from such solutions. 

[0009] To signi?cantly overcome the effect of scintilla 
tion, spatial diversity transmitters have been constructed 
Which employ multiple diode lasers arranged to produce 
displaced parallel beams. As these beams diverge, they 
overlap one another. A receiver displaced from the trans 
mitter thus receives uncorrelated light at the receiver When 
aligned With the beams. As it is unlikely that all beams Will 
be simultaneously diverted, the receiver is able to receive 
uninterrupted data from at least some of the plurality of 
transmitters. It has been found that the normaliZed standard 
deviation of the intensity at the receiver is reduced by the 
square root of the number of transmitting elements When 
properly separated. Reference is made to W. M. Bruno, R. 
Mangual, & R. F. Zampolin, Diode Laser Spacial Diversity 
Transmitter, pp.187-194, SPIE vol. 1044, Optomechanical 
Design of Laser Transmitters and Receivers (1989), the 
disclosure of Which is incorporated herein by reference. 

[0010] One structural application of the very principles 
presented in the foregoing publication is found in US. Pat. 
No. 5,777,768, the disclosure of Which is also incorporated 
herein by reference. Transceivers using spaced multiple 
laser transmitters are used for tWo-Way communication. 

[0011] Another example of laser transceivers used for 
communications purposes may be found in application Ser. 
No. 09/434,913, ?led Nov. 5, 1999, for a Portable Laser 
Transceiver, the disclosure of Which is further incorporated 
herein by reference. The portable laser transceiver disclosed 
therein is capable of transmitting near-broadcast quality 
video, audio, and Ethernet signals. 
[0012] For broadband ?ber optic applications, a number of 
pre-fabricated integrated circuits are available for driving 
lasers at data rates of 1 gigabit per second (Gbps) or more. 
These laser drivers are used to drive the noW-common ?ber 
optic netWorks. These integrated circuits, hoWever, are inad 
equate for high poWer lasers used in atmospheric laser 
communications, as they typically provide drive current 
capability of only 50 to 75 mA. Such loW drive current is 
insufficient to overcome the effects of atmospheric scintil 
lation at distances beyond of approximately the length of a 
laboratory. 
[0013] When a high poWer laser is used, one method that 
has been used to achieve the high drive current needed to 
overcome atmospheric scintillation effects is the use of a RF 
Bias-Tee. This method typically uses a 50 ohm bias tee, thus 
coupling the broadband signal into a 50 ohm load—typically 
consisting of a 47 ohm matching resistor in series With a 3 
ohm laser diode—to achieve a broadband match. The RF 
bias-tee approach, hoWever, is not practical for high drive 
currents because the majority of the output poWer is Wasted 
in the matching resistor. For example, a 700 mA drive 
current typically results in 5.8 Watts of poWer dissipation in 
the 50 ohm bias tee. 
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[0014] A high current 4:1 broadband RF transformer may 
be used With a bias-tee approach to double the output drive 
current and transform the 50 ohm into a 12.5 ohm source, as 
seen by the load. HoWever, this alternative approach still 
requires a 9 ohm resistor to match the source to a 3 ohm laser 
diode. Thus, the majority of the drive poWer is still Wasted 
in the matching resistor. A transformer With a higher ratio 
could theoretically solve the lost poWer problem, but high 
ratio transformers capable of handling currents in eXcess of 
200 mA and having a broadband response of up to 1 GhZ are 
not available. 

[0015] Us. Pat. No. 5,521,933 discloses a method of 
positioning the laser diode remotely from the driver circuit 
to reduce the effect on the laser diode of heat generated by 
the driver circuit. This method still uses a matching resistor, 
located remotely from the laser diode, Which again causes 
poWer loss in the output drive current. 

[0016] Regardless of the driving frequency, When driving 
a laser diode at high poWer, it is frequently desirable to use 
a thermoelectric cooler (TEC) to maintain the temperature 
stability of the laser diode. In many applications, the tem 
perature stability of the laser diode may be important to 
maintain the output signal of the laser diode Within a 
speci?ed set of parameters. The cooling function of a TEC 
is controlled by a TEC controller circuit. Typical implemen 
tations of TEC controllers are either pulse-Width-modulated 
(PWM) or proportional controllers. PWM controllers are 
undesirable for use in communication systems With sensitive 
receivers because PWM controllers tend to generate 
unWanted noise. Proportional controllers such as the pro 
portional integral-differential (PID) type are therefore com 
monly used in such communication systems. 

[0017] PID controllers, hoWever, tend to dissipate the 
most heat When maXimum cooling at the laser diode is 
required. The heat dissipation occurs because PID control 
lers function as a current source, having a compliance 
voltage that is signi?cantly less than the supply voltage. For 
eXample, a PID controller operating off a 5V supply at its 
maXimum rated current output typically has a useable com 
pliance voltage of about 3V. The difference betWeen the 
supply voltage and the useable compliance voltage tends to 
be dissipated in the controller as heat. Thus, in the most 
demanding cooling conditions such as hot Weather, a PID 
controller tends to generate even more heat. 

[0018] Aneed, therefore, exists for small and ef?cient, yet 
poWerful laser transceivers that are capable of transmitting 
and receiving high poWer and high bandWidth signals across 
distances greater than a single city block. Aneed also eXists 
for a means to ef?ciently cool high poWered laser transmit 
ters used in such transceivers. 

SUMMARY OF THE INVENTION 

[0019] The present invention is directed to transceivers 
using laser light as the carrier and methods for laser com 
munication for transmitting broadband signals. Transmitter 
and receiver modules are contemplated. Use of a high 
poWer, high frequency laser driver facilitates free space 
communication across distances of at least eight kilometers 
in favorable Weather conditions, and at least approximately 
tWo kilometers in foggy conditions according to a London, 
England fog environment With 99% availability. 
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[0020] In a ?rst separate aspect of the invention, a high 
poWer, high frequency laser driver includes a poWer ampli 
?er With a loW output impedance suited to drive a laser 
diode. The poWer ampli?er is operated as a voltage-con 
trolled current driver for the laser diode. The laser driver is 
capable of providing very high current modulation, at least 
100 mA, at high data rates, at least 10 Mbps, to a laser diode. 

[0021] In a second separate aspect of the invention, a laser 
transceiver includes an input, a regenerator, a splitter receiv 
ing signals from the regenerator, a plurality of high poWer 
and high data rate laser drivers, and a plurality of lasers 
transmitting high bandWidth signals of the splitter. At least 
one digital signal may be transmitted. 

[0022] In a third separate aspect of the invention, a trans 
ceiver having a regenerator includes a clock and data recov 
ery circuit having multiple sWitchable digital data rates. This 
sWitching may be performed by softWare. 

[0023] In a fourth separate aspect of the invention, a laser 
transceiver includes a fast re?ector characteriZed by a loW 
f-number, a long Wave pass background rejection ?lter 
adjacent to the focal point of a the re?ector, and a photo 
diode having a predictable responsivity roll-off at a Wave 
length above the long Wave pass frequency. The resulting 
combination effectively operates like a bandpass ?lter. 

[0024] In a ?fth separate aspect of the invention, a high 
poWer laser diode is stabiliZed against temperature ?uctua 
tions With an efficient thermoelectric cooling system. Aided 
by a temperature sensor, a thermoelectric cooler in thermal 
communication With a laser diode is coupled With a poWer 
ampli?er that is operated as a controlled current source to 
supply current to the thermoelectric cooler at near-perfect 
ef?ciency When maXimum cooling is required. 

[0025] In a siXth separate aspect of the invention, a stand 
alone radio frequency transceiver is operated With at least 
one laser transceiver in over?oW mode. A router is used to 
monitor and distribute incoming data signals betWeen the 
laser and RF transceivers to promote enhanced total system 
bandWidth capability and loW sWitching latency. 

[0026] In a seventh separate aspect of the invention, a laser 
transceiver is enclosed Within a protective enclosure and 
includes an environmental control system to maintain appro 
priate conditions for the transceiver to operate. 

[0027] In a eighth separate aspect of the invention, a laser 
diode is thermally coupled With a thermoelectric cooler and 
then enclosed Within a housing having integral heat sinks to 
draW heat aWay from the diode by Way of the thermoelectric 
cooler. 

[0028] In an ninth separate aspect of the invention, a 
transceiver has a plurality of laser diodes, each of Which is 
coupled With a lens for receiving and collimating the laser 
output into a beam, With the lenses subject to beamWidth 
adjustment. BeamWidth adjustment betWeen 0.3 and greater 
than 3.5 mrad is provided. 

[0029] In a tenth separate aspect of the invention, a laser 
transceiver that is independent of particular digital protocol 
and is sWitchable betWeen different data rates is provided. 
The transceiver may operate on different physical layers 
including STS-3, STS-12, OC-3, and OC-12, and support 
various digital signal protocols including TCP/IP, IPX, Fast 
Ethernet, SONET, and ATM. 
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[0030] In an eleventh aspect of the invention, any of the 
foregoing aspects are contemplated in combination for addi 
tional advantage. 

[0031] Accordingly, it is an object of the present invention 
to provide an improved transceiver using laser communica 
tions, and an improved laser driver. Other and further objects 
and advantages Will appear hereinafter. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0032] In the ?gures, Wherein like numbers re?ect ele 
ments having similar function: 

[0033] FIG. 1 is a schematic draWing of a laser commu 
nication system; 

[0034] FIG. 2 is a front vieW of a transceiver according to 
a ?rst embodiment; 

[0035] FIG. 3 is a side vieW of the transceiver in FIG. 2; 

[0036] FIG. 4 is a schematic diagram of a transceiver and 
associated devices according to a second embodiment; 

[0037] FIG. 5 is a side sectional vieW of a transceiver and 
associated housing according to a third embodiment; 

[0038] FIG. 6A is a front perspective vieW of a front 
portion of the housing depicted in FIG. 5; 

[0039] FIG. 6B is a rear perspective vieW of a front 
portion of the housing depicted in FIG. 5; 

[0040] FIG. 7A is a front perspective vieW of a rear 
portion of the housing depicted in FIG. 5; 

[0041] FIG. 7B is a front perspective vieW of a rear 
portion of the housing depicted in FIG. 5; 

[0042] FIG. 8 is a schematic diagram of a transceiver 
according to a fourth embodiment; 

[0043] FIG. 9 is a schematic diagram of a laser driver that 
may be used With the transceivers of FIG. 5 or 8; 

[0044] FIG. 9A is a ?rst magni?ed portion of the sche 
matic diagram depicted in FIG. 9; 

[0045] FIG. 9B is a second magni?ed portion of the 
schematic diagram depicted in FIG. 9; 

[0046] FIG. 9C is a chart shoWing the values of compo 
nents in the schematic diagrams depicted in FIGS. 9A and 
9B; 
[0047] FIG. 10 is a schematic diagram of a complemen 
tary circuit for the laser driver of FIG. 9; 

[0048] FIG. 10A is a ?rst magni?ed portion of the sche 
matic diagram depicted in FIG. 10; 

[0049] FIG. 10B is a second magni?ed portion of the 
schematic diagram depicted in FIG. 10; 

[0050] FIG. 10C is a third magni?ed portion of the 
schematic diagram depicted in FIG. 10; and 

[0051] FIG. 10D a chart shoWing the values of compo 
nents in the schematic diagrams depicted in FIGS. 10A-C. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0052] Turning in detail to the draWings, FIG. 1 illustrates 
a laser communication system 10 comprising a ?rst laser 
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transceiver 12 and a second laser transceiver 14, each 
transceiver 12, 14 having a digital signal input 20 and digital 
signal output 22 that carry the communication signals being 
transmitted and received. The signal input 20 and the signal 
output 22 may carry either electrical or optical signals of 
various types. Compatible electrical signals may be carried 
on electrical cables such as Category 5 cable with R] 45 
connectors, for eXample, and the signals may conform to 
protocols such as TCP/IP, IPX, Fast Ethernet, or others 
knoWn in the art, operating on physical layers such as STS-3, 
STS-12, or others knoWn in the art. Compatible optical 
signals may be carried on ?ber optic cables, and the signals 
may conform to protocols such as SONET, ATM, or others 
knoWn in the art, operating on physical layers such as OC-3, 
OC-12, or others knoWn in the art. 

[0053] Electronics 16, 18 Within each transceiver 12, 14 
use the digital signal input 20 to drive the outgoing laser 
signals and convert the incoming laser signals into appro 
priate digital signal output 22. Preferably, the laser commu 
nication system 10 is capable of transmitting and receiving 
laser signals a bandWidth of at least 155 Megabits per second 
over distances of at least eight kilometers in favorable 
Weather conditions, and at least approximately tWo kilome 
ters in foggy conditions according to a London, England fog 
environment With 99% availability. More preferably, the 
system is capable of transmission across like distances and 
conditions at a bandWidth of at least 622 Megabits per 
second. 

[0054] Preferably, each laser has a nominal output Wave 
length of 1.5 pm. One of the principal advantages of 1.5 pm 
Wavelength is that are eyesafe intensity levels are approXi 
mately 50 times greater than at 0.8 pm. This is because for 
near-infrared Wavelengths longer than 1.4 pm, the light is 
absorbed by the lens and cornea, and is not focused onto the 
retina. For 1.5 pm, the eyesafe poWer levels are the same as 
levels for heating of the skin, as it is the same effect. Also, 
at short Wavelengths, non-eyesafe poWer levels can perma 
nently damage the eye before the victim becomes aWare, 
because the retina has no pain sensors. At 1.5 pm, if 
non-eyesafe poWer levels are encountered, the sensation of 
heat (or even pain) can be felt on the surface of the eyeball, 
and the natural blink re?ex is induced. 

[0055] The use of 1.5 pm Wavelength has other bene?ts. 
Since the eyesafe intensity level at 1.5 pm is 50 times greater 
than at 0.8 pm, and since the intensity is inversely proportion 
to the square of the aperture diameter, this means that for a 
given poWer level, the diameter of the transmitting aperture 
can be seven times smaller at 1.5 pm than 0.8 pm. This 
facilitates the use of multiple transmitting apertures for 
scintillation reduction. Additionally, atmospheric attenua 
tion is reduced at 1.5 pm relative to shorter Wavelengths. The 
1.5 pm Wavelength region also corresponds to the loW loss 
region for modern ?ber optics. 

[0056] FIGS. 2 and 3 illustrate one embodiment of a 
transceiver 50 directed to laser communication. FIG. 2 
shoWs a front vieW of the transceiver 50 having a front plate 
52 With a large centrally located receiving aperture 54 and 
four laser apertures 56 spaced about the receiving aperture 
54. The diameter of the receiving aperture 54 is approXi 
mately tWenty (20) centimeters. A narroW support beam 58 
crosses the receiving aperture 54 and supports a photodiode 
60, a background ?lter 61, and, if needed, one or more ?eld 
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correcting lenses 63, all of Which are centrally located in 
relation to the receiving aperture 54. 

[0057] High power laser transmitters 62 are disposed 
Within each of the laser apertures 56 such that the laser 
transmitters 62 emit beams that are substantially parallel to 
each other. Each laser diode 62 responds to an ampli?ed 
laser data signal to generate an intensity modulated light 
signal. Each laser 56 preferably produces an average poWer 
of at least eighty (80) milliWatts and has a nominal Wave 
length of 1,550 nanometers (1.5 pm), Within the eyesafe 
region. As the laser diode 62 tends to emit a Wide angle 
signal of about 300 cone angle, a lens 55 receives the laser 
output. The lens design is ?exible in setting the beamWidth; 
that is, the beamWidth may be adjusted during production by 
adjusting the spacing betWeen the lens 55 and the laser diode 
62. This adjustment may be made by Way of a threaded 
connection, or, more preferably, by using a vacuum chuck 
and micrometer positioner to position the lens. Once the 
desired lens position is reached, the lens 55 may be epoxied 
in place. After the epoxy is cured, the vacuum is released, 
and the micrometer positioner is removed. The range of 
beamWidth (i.e. beam divergence angle) adjustment pro 
vided by the lens 55 ranges from 0.3 mrad to greater than 3.5 
mrad. If the laser diode 54 has a spatially elliptical output, 
a circulariZing optic (not shoWn), Which may be a cylindrical 
lens or prism pair, may be added. As noted before, the lasers 
54 are all aligned such that the collimated beams are parallel. 

[0058] A sighting scope 64 may be located along an outer 
portion of the front plate 52 for aiming the transceiver 50 at 
a second transceiver (such as the transceiver 14 shoWn in 
FIG. 1). As the sighting scope 64 is intended for initial 
alignment of a transceiver pair (e.g., the laser transceivers 
12,14 shoWn in FIG. 1), the sighting scope 64 may be 
removed after this alignment is attained. Alternatively, a 
CCD (charge coupled device) sensor 65 may be added to a 
transceiver 50 and used to facilitate alignment of a trans 
ceiver pair. Connection of the CCD 65 (or CCD 256 in FIG. 
8) With a controller 250 is illustrated schematically in FIG. 
8. When the CCD 65, 256 is coupled With a controller 250, 
a frame grabber 257 extension to the controller 250 may be 
used to capture images of What is Within the line of sight of 
the transceiver 12. Such images may be transmitted or 
doWnloaded from the controller 250 to a remote location, 
With an external interface operating a protocol such as 
SNMP, Ethernet, or another protocol knoWn in the art. 

[0059] Referring noW to FIG. 3, the front plate 52 is 
connected to a rear plate 66 using support rods 68. The rear 
plate 66 supports a focusing re?ector 70, Which is centrally 
aligned With the receiving aperture 54 such that the photo 
diode 60 is positioned at the focal point of the focusing 
re?ector 70. The focusing re?ector 70 is approximately 
equal in diameter to the aperture 20 and facing in a parallel 
direction With the lasers 62. 

[0060] The receiver portion of the transceiver 50 includes 
a receiving aperture 54, a focusing re?ector 70, a photodiode 
60, a background rejection ?lter 61, and electronics 72. The 
focusing re?ector 70 focuses the incoming optical beam 
onto a photodiode receiver 60. The fast design enables the 
large aperture 54 for collection ef?ciency, yet provides a 
very short focal length—both for compactness, and to 
achieve the largest ?eld-of-vieW for a given detector diam 
eter. The preferred f-number of the re?ector 70 is approxi 
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mately 0.67. As the f-number of the focusing re?ector 70 
decreases, off axis optical aberrations increase. 

[0061] Mangin mirror or parabolic re?ector approaches 
may be used for the focusing re?ector 70 according to 
separate embodiments. A catadioptric design, the Mangin 
mirror is a negative meniscus lens With a mirrored rear 
surface Which combines a compact overall design With a 
short focal length. The presence of both re?ective and 
refractive elements in a Mangin mirror provides suf?cient 
degrees of freedom to keep the amount of optical aberration 
Within acceptable limits over the entire optical ?eld of vieW, 
such that no additional optical corrector lens is necessary. 

[0062] A parabolic re?ector may be used for the focusing 
re?ector 70 according to an alternative embodiment. A 
parabolic re?ector has a single re?ective surface, and 
requires one or more ?eld corrective lenses to suf?ciently 
correct aberrations. The parabolic re?ector may therefore 
comprise one or more optical elements 63 to control the 
amount of aberration near the edges of the ?eld of vieW. In 
placing the corrector lenses 63 near the focal plane, the 
corrector lenses 63 may be mounted in the same mechanical 
assembly that holds the detector 60. Multiple corrector 
lenses may be placed thusly to provide a higher degree of 
aberration control. 

[0063] In a third re?ector embodiment, the focusing 
re?ector 70 comprises a mirror having a more general conic 
or aspheric optical surface and one or more corrector lenses 
(not shoWn). A conic or aspheric mirror provides a limited 
amount of aberration control, thus reducing the number of 
corrector lenses needed to properly focus the incoming 
signals. 

[0064] To reduce interference and background noise from 
ambient light and other sources, the optical path of the 
receiver advantageously includes a ?at or hemispherical 
background rejection ?lter 61. The ?lter 61 may be com 
prised of alternating layers of dielectric material deposited 
on a glass or crystalline substrate. This construction results 
in a peak transmission at band center of over 65%. The ?lter 
61 may be located at the receiving aperture 54. HoWever, 
such a con?guration requires a large and costly ?lter, adding 
Weight and siZe to the assembly 50. Preferably the ?lter 61 
is located betWeen the focusing re?ector 70 and the photo 
diode 60. A bandpass ?lter nominally centered at 1500 
nanometers may be used. HoWever, if the bandpass ?lter is 
a ?at multilayer dielectric ?lter, When receiving light rays 
from both small and large angles of incidence With respect 
to normal characteriZed by a loW f-number optical system, 
then the passband is shifted for the different angles of 
incidence. To correct this, then, a much larger passband for 
a ?at ?lter is to be used (about a 400 nanometer ?lter), or a 
hemispherical ?lter may be used since all of the incident rays 
are normal to the ?lter surface. A hemispherical ?lter cen 
tered at the nominal laser Wavelength of 1,550 nanometers 
and having a passband Width of 100 nanometers or less may 
be used. 

[0065] A bandpass ?lter inherently requires the use of 
multilayer dielectric technology. A long Wave pass approach 
may be used in conjunction With a detector 60 having 
predictable responsivity roll-off to create an effective band 
pass ?lter. In one embodiment, the detector responsivity 
rolls off signi?cantly betWeen 1500 and 1700 nm, and is 
effectively Zero beyond 1700 nm. Coupling this detector 60 
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With a long Wave pass ?lter transmitting 1500 nm and above 
Wavelength, the resulting combination provides an effective 
bandpass ?lter. A long Wave pass ?lter, as used in conjunc 
tion With a detector as described above, may be dielectric, 
and ?at or hemispherical in shape. As an alternative to a long 
Wavepass multi-layer dielectric ?lter, the ?lter 61 may be an 
absorptive ?lter. 

[0066] If a hemispherical ?lter 61 is used, its center of 
curvature is located near the focal point of the re?ector 70. 
Using a standard TO-8 siZe detector package results in a 
hemispheric ?lter dome having an outer diameter of 
approximately tWenty-tWo (22) millimeters and a thickness 
of 2.5 millimeters. In an embodiment utiliZing one or more 
corrector lenses 63, the corrector lenses 63 may be used to 
create an afocal region in front of the photodiode 60 in 
Which a ?lter 61 having a ?at shape Would be placed. 

[0067] The transceiver may also include a sealed protec 
tive enclosure 74 as shoWn in FIG. 3. The protective 
enclosure 74 protects the transceiver from Weather condi 
tions and provides an enclosed environment in Which the 
transceiver may operate. At the front cover of the protective 
enclosure 74 is an acrylic ?lter 76 covering the large 
aperture 54. The acrylic ?lter 76 is transparent to the 
operational Wavelength of the laser transmitters 62, but 
limits transmission of visible light to prevent introduction of 
noise and heat from this light. Further, a stray light baffle 75 
is preferably placed betWeen the transceiver 12 and the 
acrylic ?lter 76 to reduce interference from stray light, and 
electromagnetic and RF sources. The baffle 75 is preferably 
a honeycomb of thin aluminum, approximately three inches 
in thickness, With a face-to-face heX cell siZe of approXi 
mately 11/32 inch. 

[0068] FIG. 4 is a schematic representation of a laser 
transceiver 100 according to another embodiment. The 
transceiver 100 includes a combined laser transmitter/laser 
driver module 110, a receiver module 120, and associated 
electronics 130. Starting With the receiver module 120, an 
incident laser beam is re?ected by a re?ector 122 and 
focused through a background rejection ?lter 123 onto a 
photodiode 124 located at the focal point of the focusing 
re?ector 122. From the photodiode 124, the signal is carried 
to a preampli?er 125 preferably contained Within the laser 
receiver module 120, and then sent to signal conditioning 
electronics 131. After conditioning, the signal is provided to 
an output signal interface 132, Which may include a ?ber 
transmitter for transmitting an optical signal to a ?ber optic 
cable. Electrical signals may alternatively be output, such as 
via a Category 5 cable. A sWitching device 140, Which may 
include a sWitch or router portion to enable transmission of 
various electrical or optical signals (including TCP/IP, IPX, 
Fast Ethernet, SONET, ATM, or other signal types, on 
various physical layers such as STS-3, STS-12, OC-3, or 
OC-12) receives the output signal. 

[0069] In the illustrated embodiment, the sWitching device 
140 is coupled to a computer 142 having a netWork interface 
card 143. The personal computer 142 may further have an 
audio/video interface card 144 for receiving audio and video 
signals. The sWitching device may be connected With vari 
ous electrical or optical input types, such as Category 5 cable 
using RJ-45 connectors, or ?ber optic cable. An optional 
stand-alone RF (radio frequency) backup transceiver 146 
may further connect to the sWitching device 140. 
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[0070] On the input/transmitter side, high bandWidth digi 
tal input signals are provided to the transceiver 100 via a 
sWitching device 140. A high bandWidth signal is conven 
tionally considered to be a signal of 10 Mbps or greater. One 
skilled in the art Will recogniZe that any high bandWidth 
signal may be used as input to the transceiver 100, so long 
as appropriate electronics are provided, When necessary, to 
convert the high bandWidth input signal into a high band 
Width digital signal. Input signals may be provided through 
the sWitching device 140 to the transceiver 100 by Way of an 
input signal interface 134, Which in one embodiment may 
include a ?ber optic receiver for receiving digital signals 
from a ?ber optic cable. The signal is then provided to signal 
conditioning electronics 135, and thereafter provided to a 
splitter 136. The splitter 136 splits the signal into four 
identical signals at one-quarter of the poWer. Each signal 
emerging from the splitter 136 is provided to a laser driver 
circuit 111 and ultimately provided to a laser diode 115. The 
laser driver circuit 111 includes a DC bias circuit 112 and a 
high poWer, high bandWidth poWer ampli?er 114 for driving 
the laser diode 115. A high poWer laser driver is conven 
tionally considered to be a laser driver operating at a 
nominal level of 100 mA or greater. The high poWer, high 
bandWidth laser driver circuit is discussed in detail herein 
after, in connection With FIGS. 9-10C. The output of the 
laser diode 115 is provided to a lens 116, and may be 
monitored With a ?ber optic segment 117 and fed to a 
photodiode 118 for monitoring the output of the laser diode 
115. A thermoelectric cooler 119 and its associated control 
ler 113 are provided to control the temperature of the laser 
diode 115. The controller 113 is coupled With the thermo 
electric cooler 119, Which is in thermal communication With 
the laser diode 115. The controller 113 and the thermoelec 
tric cooler 119 act in conjunction With a temperature sensor 
(not shoWn) to stabiliZe the temperature, and thus the output 
poWer, of the laser diode 115. The optimum operational 
temperature of each laser diode 115 depends on the speci 
?cations for the particular laser diode used, as provided by 
the laser diode manufacturer. 

[0071] Preferably, output of the laser diode 115 is moni 
tored. One method of monitoring the laser diode 115 is by 
monitoring its input current, but this method is indirect. A 
better method is to monitor the transmitted light signal from 
the laser diode 115. One method of monitoring the light 
signal is by Way of a ?ber optic element 117 that may eXtend 
into the transmitted light signal from the laser diode 115. 
This ?ber optic element 117 is coupled With a photodiode 
118. More preferably, the laser diode 115 is provided With an 
integral monitor photodiode (not shoWn), Which eliminates 
the need for a separate ?ber optic element 117. The output 
of the photodiode may be coupled With the modulation 
signal ampli?er 114 to use the sampled laser diode output for 
controlling the ampli?er 114 and in turn the signal strength, 
thus permitting operation in constant optical poWer mode. 
Thus, the modulation signal ampli?er 114 may be made 
responsive to the output of the photodiode 118. 

[0072] FIGS. 5, 6A, 6B, 7A, and 7B illustrate an alterna 
tive compact and high poWer laser transceiver 150 and its 
associated housing 151. The housing 151 is designed to both 
mount the operative components and serve as a protective 
enclosure suitable for outdoor use. Only three parts, namely, 
a front portion 152, a rear portion 153, and a snout 182, are 
designed to interconnect to form the housing 151 to fully 
enclose the transceiver 150. Of these three parts, the optical 


















