
 
 
 
 
 
 
 

The University of New Mexico’s Laser Portfolio 
Lasers can be used for numerous applications which are continually growing. There are many different types of lasers and 
they  can  be  used  in  several  areas  such  as  research,  communication,  industry,  medicine,  environmental  care,  etc. 
Researchers at The University of New Mexico play a key role in the development of many laser technologies.  Through their 
research and expertise, UNM scientists are regularly developing more refined laser technologies as well as new laser 
applications. 

 
Technical Overview of Intellectual Property 
Apparatus and Method for Line of Sight Laser Communications (STC Ref. 1999-050) 

Issued Patent 6,501,578 
The  invention  is  a  line  of  sight  laser  communication  system  with  a  laser  to 
generate a   laser  signal  with  femtosecond  pulses.  A first grating spectrally 
disperses the femtosecond pulses of the laser signal. A programmable mask 
converts the femtosecond pulses of the laser signal into coded words. A second 
grating spectrally recombines the coded words of the laser signal. A telescope 
then launches the laser signal. The launched laser signal is received at a receiving 
telescope. A second laser generates a set of reference pulses. A non-linear crystal 
combines the set of reference pulses and the laser signal to create an output 
signal only when the laser signal and the reference pulses temporally coincide. A 

camera records the output signal. This patent has applications in data and optical communications. 

 
Issued Patent 6,175,437 
A laser communication system includes a first laser to generate a laser signal with femtosecond pulses. A first grating 
spectrally disperses the femtosecond pulses of the laser signal. A modulator converts the femtosecond pulses of the laser 
signal into a string of pulses representative of coded words. A second grating spectrally recombines the coded words of the 
laser signal. A first telescope launches the laser signal. A second telescope receives the laser signal. A second laser 
generates a set of reference pulses. A non-linear crystal combines the set of reference pulses and the laser signal so as to 
create an output signal only when the laser signal and the reference pulses temporally coincide. A detector senses and 
records the output. The first laser also generates a synchronization signal. The second laser is synchronized by the 
synchronization signal. This patent has applications in data and optical communications. 

 
Issued Patent 6,421,154 
A laser communication system includes a first laser to generate a laser signal with femtosecond pulses. A first grating 
spectrally disperses the femtosecond pulses of the laser signal. A modulator converts the femtosecond pulses of the laser 
signal into coded words. A second grating spectrally recombines the coded words of the laser signal. A first telescope 
launches the laser signal. A second telescope receives the laser signal. A second laser generates a set of reference pulses. A 
non-linear crystal combines the set of reference pulses and the laser signal so as to create an output signal only when the 
laser signal and the reference pulses temporally coincide. A detector records the output.  This patent has applications in 
data and optical communications. 

 
Ring Laser Scatterometer (STC Ref. 2012-077) 
Issued Patent  6,912,053 
A scatterometer utilizes the dead zone resulting from lockup caused by 
scatter  from  a  sample  located  in  the  optical  path  of  a  location  where 
counter-rotating pulses cross. The frequency of one pulse relative to the 
other is varied across the lockup dead zone.  This patent provides a greater 
precision in measuring extremely low-scatter optics as well as minimizes 
potential for laser lockup due to light scatter. 

https://www.google.com/patents/US6501578?dq=6%2C501%2C578&amp;hl=en&amp;sa=X&amp;ei=YKg1U_zKBorIyAGCqICYDw&amp;ved=0CDUQ6AEwAA
https://www.google.com/patents/US6175437?dq=6%2C175%2C437&amp;hl=en&amp;sa=X&amp;ei=eqg1U-D_DuqGyAHljYGwBw&amp;ved=0CDcQ6AEwAA
https://www.google.com/patents/US6421154?dq=6%2C421%2C154&amp;hl=en&amp;sa=X&amp;ei=t6g1U-PWAuXwyAHcu4DADA&amp;ved=0CDcQ6AEwAA
https://www.google.com/patents/US6912053?dq=6%2C912%2C053&amp;hl=en&amp;sa=X&amp;ei=ayh1U_zGPMv2oASFv4G4BQ&amp;ved=0CDcQ6AEwAA


 

Bi-Directional Short Pulse Ring Laser (STC Ref. 1998-022) 
Issued Patent  6,650,682 
A bi-directional pulsed ring laser that produces bi-directional light pulses that 
interact in such a way that they are phase conjugated. A nonlinear substance, 
such as a nonlinear crystal or fluid, that has an index of refraction that is 
dependent upon light intensity is located near a beam waist of the laser 
cavity to provide a self-lensing effect. Methods for reducing dead band 
beyond observable limits are also provided. The increased sensitivity of the 
bi-directional pulsed ring laser provides application in detecting magnetic 
susceptibility by detecting the change in phase between the arrival times of 
the bi-directional pulses at a modulator and the electrical signal of the 
modulator to determine the change in frequency of a coil that has magnetic 
susceptibility.  The possible commercial applications of this technology 
include gyroscope for navigation, pollution monitoring, aerial survey of the 
composition of the earth, and magnetic field detection. 

 
Monolithically Integrated Semiconductor Unidirectional Ring Laser Rotation Sensor/Gyroscope (STC 
Ref. 2000-010) 
Issued Patent  6,937,342 
A monolithically integrated semiconductor laser rotation sensor/gyroscope that includes at least two isolated, 
nonsynchronized semiconductor lasers; at least one being unidirectional and at least a further one being either a straight - 
line laser or a second unidirectional ring laser configured to propagate lasing light waves in the direction opposite to the 
first unidirectional ring laser; semiconductor directional waveguide couplers; a semiconductor Y-junction mixing region; and 
a semiconductor photodetector. Evanescently outcoupled signals are routed to a photodetector for detection of the Sagnac 
shifted  frequencies  to  discern  a  beat  frequency  resulting  from  rotation  of  the  chip  structure.  The straight -line 
semiconductor laser serves as frequency reference insensitive to rotation. Directing, filtering, and radiating unwanted 
reflections or backscattered light to highly absorbing regions is carried out with waveguide coupler designs and 
nonreciprocal couplers and filters.  This patent holds promise for microchip-size gyroscopic and rotation sensors which can 
be used in navigational and stability equipment found in aviation and defense industries 

 
Rotation-Sensitive Semiconductor Ring Laser Device Using the Nonlinear Sagnac Effect 
(STC Ref. 2011-095) 
U.S. Application No.  13/987,911 
This technology pertains to a method of increasing sensitivity in ring laser devices. This method relies on the Non-
Linear Sagnac Effect (NLSE) and maintains ring size. With this method, the sensitivity slope has an approximate increase of 
100-1000 over current methods. This patent has applications in homeland security, navigation systems and semiconductor 
devices. 

 
Light-Emitting Device Having Injection-Lockable 
Semiconductor Ring Laser Monolithically Integrated 
with Master Laser 
(STC Ref. 2008-086) 
Issued Patent  8,009,712 
A semiconductor ring laser (SRL) section is monolithically 
integrated with a DFB or DBR master laser section on a 
semiconductor substrate of a light-emitting device to provide an 
injection locking mode of operation that can result in low-cost 
ultrafast (over 100 GHz) functional chip that will be easy to use 
in practice.  This patent is expected to compete with record 
holding injection-locked Vertical Cavity surface-emitting lasers 
of 30 GHz modulation bandwidth 

https://www.google.com/patents/US6650682?pg=PA15&amp;dq=6%2C650%2C682&amp;hl=en&amp;sa=X&amp;ei=n6g1U6C7N-GsyAHMlIDwCg&amp;ved=0CD4Q6AEwAQ
https://www.google.com/patents/US6937342?pg=PA4&amp;dq=6%2C937%2C342&amp;hl=en&amp;sa=X&amp;ei=-Kg1U7bGG-jayAGL34HwDg&amp;ved=0CDcQ6AEwAA
http://www.flintbox.com/public/project/9246/
https://www.google.com/patents/US8009712?pg=PA6&amp;dq=8%2C009%2C712&amp;hl=en&amp;sa=X&amp;ei=WKk1U_WBIZKGyQHmuoCYBA&amp;ved=0CDcQ6AEwAA


 

Gas Filled Hollow Fiber Laser (STC Ref. 2010-077) 
U.S. Application No.  13/574,550 
Apparatus, systems, and methods using an optically pumped gas filled hollow fiber laser can be implemented in a variety of 
applications. In various embodiments, operation of an optically pumped gas filled hollow fiber laser is based on population 
inversion in the gas. Additional apparatus, systems, and methods are disclosed.  The applications of this technology include 
high-power fiber lasers, atmospheric sensing, fiber optic communication, holography UPC code checkout scanners. 

 
Quantum Dot Lasers (STC Ref. 2001-054) 
Issued Patent  6,816,525 
A quantum dot active region is disclosed in which 
quantum dot layers are formed using a self-assembled 
growth technique. In one embodiment, growth 
parameters are selected to  control the  dot  density 
and  dot  size  distribution to  achieve desired optical 
gain spectrum characteristics. In one embodiment, the 
distribution in dot size and the sequence of optical 
transition energy values associated with the quantum 
confined states of the dots are selected to facilitate 
forming a continuous optical gain spectrum over an 
extended wavelength range. In another embodiment, 
the optical gain is selected to increase the saturated 
ground state gain  for  wavelengths  of  1260 
nanometers and greater. In other embodiments, the 
quantum dots are used as the active region in laser devices, including tunable lasers and monolithic multi -wavelength laser 
arrays.  Benefits of the growth techniques include that they permit a high density of quantum dots to be grown in a 
comparatively thin quantum well. Also, these techniques can be practiced in related III-V compound semiconductor 
materials. 

 
Quantum Dot Vertical Cavity Surface Emitting Laser (STC Ref. 2001-052) 

Issued Patent  6,782,021 
A quantum dot vertical cavity surface-emitting laser has a low threshold gain. Top and 
bottom mirrors have a low mirror loss, with at least one of the mirrors being laterally 
oxidized to form semiconductor/oxide mirror pairs. In one embodiment, mode control 
layers reduce the optical field intensity in contact layers, reducing optical absorption. In 
one  embodiment,  delamination  features  are  included  to  inhibit  the  tendency  of 
laterally oxidized mirrors from delaminating.  This patent has applications in high data 
rate communication systems. 

 
Quantum Dash Devices (STC Ref. 2001-053) 
Issued Patent  6,600,169 
Quantum dot active region structures are disclosed. In a preferred embodiment, the distribution in dot size and the 
sequence of optical transition energy values associated with the quantum confined states of the dots are selected to 
facilitate forming a  continuous optical  gain  spectrum over  an  extended wavelength range.  In one  embodiment, the 
quantum dots are self-assembled quantum dots with a length-to-width ratio of at least three along the growth plane. In one 
embodiment, the quantum dots are formed in quantum wells for improved carrier confinement. In other embodiments, the 
quantum dots are used as the active region in laser devices, including tunable lasers and monolithic multi-wavelength laser 
arrays.  This patent has applications in optical data communication systems, high-efficiency battery powered systems and 
sensors.  

https://www.google.com/patents/US20130202006?dq=US-2013-0202006-A1&amp;hl=en&amp;sa=X&amp;ei=hxy8U7vwCOWAiwL8m4GQCA&amp;ved=0CB4Q6AEwAA
https://www.google.com/patents/US6816525?pg=PA21&amp;dq=6%2C816%2C525&amp;hl=en&amp;sa=X&amp;ei=yKg1U7CtEseEyAHr-oHYBA&amp;ved=0CDcQ6AEwAA
https://www.google.com/patents/US6782021?dq=6%2C782%2C021&amp;hl=en&amp;sa=X&amp;ei=5yZ1U8f2IcaJogSV74DgBA&amp;ved=0CDcQ6AEwAA
https://www.google.com/patents/US6600169?dq=6%2C600%2C169&amp;hl=en&amp;sa=X&amp;ei=Oxu8U8OJLYWWjAKPkoCwAw&amp;ved=0CB4Q6AEwAA


 

Quantum Dot Structures (STC Ref. 2005-041) 
Issued Patent  7,282,732 
Symmetric quantum dots are embedded in quantum wells. Symmetry is achieved by using slightly off -axis substrates and/or 
overpressure during the quantum dot growth. They can be used in a variety of applications, including semiconductor lasers. 
Quantum dot lasers have many advantages including ultra-low threshold current density, increased temperature stability, 
wide lasing wavelength tuning range, and low-chirp operations. 

 

 
 

Tunable Infrared Lasers for Gas Phase Spectroscopy (STC Ref. 2008-046) 
Issued Patent  7,656,912 
Exemplary embodiments provide tunable laser devices, methods for making 
the laser devices and methods for tuning the laser devices. The tunable laser 
devices can include an optically pumped semiconductor laser heterostructure, 
on which a distributed-feedback (DFB) laser grating having variable grating 
spacings (or chirps) can be formed. The optically pumped semiconductor laser 
heterostructure can be an optically pumped type-II quantum well laser 
structure. The emission wavelength of the tunable laser devices can be tuned 
by changing positions of the region illuminated by the pump laser and with 
respect to the chirped DFB grating. The disclosed laser devices and methods 

can provide tunable laser emission with a combination of narrow linewidth and high output power that can be used for 
remote sensing applications and/or spectroscopic applications across the entire mid infrared (IR) spectral region.  There are 
several advantages that this patent provides including structural wavelength versatility, narrow linewidth, and continuous 
tuning over a large range. 

 
Method and Apparatus for Fabrication of Controlled Chirp Gratings (STC Ref. 2012-102) 
U.S. Application No.  13/843,332 
Chirped gratings are fabricated on the top surfaces of the target substrate, in a longitudinal orientation by translating the 
pump region up and down to tune the appropriate wavelengths that will be reflected/transmitted. This form of grating 
allows for tuning over a wider spectrum. The grating underlying this innovation is achieved through the use of 
interferometric lithography (IL), where the intensity variation achieved at the point of intersection of two coherent light 
beams can be used to form grating patterns on a photoresist film, and by controlling the wavefront using a lens system, 
chirped versus uniform grating can be realized. Once the procedures to finish creation of the distributed feedback (DFB) 
laser have been completed, the end product is able to operate stably with successful suppression of F-P nodes, and provide 
continuous tuning over extended wavelength ranges in an extremely robust package.  This patent allows for spectroscopic 
applications of DFB lasers.  

https://www.google.com/patents/US7282732?dq=7%2C282%2C732&amp;hl=en&amp;sa=X&amp;ei=vhu8U5DjE8SbjAK-mYCYAQ&amp;ved=0CB4Q6AEwAA
https://www.google.com/patents/US7656912?pg=PA1&amp;dq=7%2C656%2C912&amp;hl=en&amp;sa=X&amp;ei=SKk1U_u_MMTgyQGS54GwDg&amp;ved=0CDcQ6AEwAA
http://www.flintbox.com/public/project/19994/


 

Method for Efficient Coupling of Laser Beams into Waveguides (STC Ref. 2000-056) 
Issued Patent  6,542,664 
An improved highly doped waveguide is provided which comprises a waveguide employing an Er dopant and Pr sensitizer 
ions. The present invention also provides a method of efficient coupling from an optical source into a waveguide using a 
rotated optical element.  This patent may be used with other types of optical sources besides laser diode arrays, such as 
arrays of light emitting diodes, vertical cavity surface emitting lasers, laser bars, MFA-MOPAs, flared-resonator-type laser 
diodes, and other single-mode and multi-mode light sources. 

 
Laser Amplifier and Method of Making the Same (STC Ref. 2006-054) 
Issued Patent  7,627,017 
The present invention includes a laser amplifier and a 
method of making the same. The laser amplifier of the 
present invention includes a gain medium layer having a 
first index of refraction, and a coupling layer optically 
coupled to the gain medium. In the various embodiments 
described herein, the coupling layer can have a second 
index of refraction less than the first index of refraction. 
The laser amplifier described herein can also include an 
evanescent layer disposed between the gain medium and 
the coupling layer. The evanescent layer can have a third 
index   of   refraction   less   than   the   second   index   of 
refraction. The laser amplifier provides high power, 
efficient laser resonance through frustrated total internal 
reflection and total internal reflection while 
simultaneously providing for the minimization of waste 
heat in the gain medium layer. The various possible 
configurations of this invention provide flexibility and 
adaptability with which to confront difficulties in the 
production process. 

 
Active Bidirectional Mode-Locked Lasers and Applications to Accurate Measurements in Navigation 
Systems (STC Ref. 2011-013) 
U.S. Application No.  13/253,386 

Researchers at the University of New Mexico have developed a 
novel mechanism to measure both absolute and relative attitude 
of a vehicle. This mechanism introduces an Intra-cavity Phase 
Interferometer (IPI) method using an active bidirectional mode- 
locked laser that provides both a measurement of all three 
attitude rotation vectors (“pitch”, “yawn”, and “row”), and a 
measurement of the vehicle’s position relative to earth using 
information of its local magnetic field. This patent can be used in 
any kind of vehicle including automobiles, submarines, 
unmanned aerial vehicles and many others. 

 
Auto-Stabilization of Lasers By Means of Resonant Structures (STC Ref. 2006-078) 
Issued Patent  7,664,149 
Apparatus, systems, and methods are provided that utilize a material inserted into a laser cavity such that the material has 
an optical length that varies as the laser cavity varies to keep the repetition rate constant. The material may provide auto - 
stabilization of the optical output form the laser cavity.   The extremely high rate of accuracy and stability that can be 
achieved in mode-locked lasers makes the vision of 10 THz bit rate communication realistic. 

https://www.google.com/patents/US6542664?dq=6%2C542%2C664&amp;hl=en&amp;sa=X&amp;ei=oCZ1U4DPD8iHoQTyjIGIAw&amp;ved=0CDcQ6AEwAA
https://www.google.com/patents/US7627017?dq=7%2C627%2C017&amp;hl=en&amp;sa=X&amp;ei=Iyl1U_fVJNKHogT5nIHQCQ&amp;ved=0CDcQ6AEwAA
http://www.flintbox.com/public/project/5744/
https://www.google.com/patents/US7664149?dq=7664149&amp;hl=en&amp;sa=X&amp;ei=pCh1U9fgJ4jpoATfrYCICQ&amp;ved=0CDcQ6AEwAA


 

Broadband Ultrashort Pulse Measuring Device Using Non-Linear Electronic Components 
(STC Ref. 1996-002) 
Issued Patent 6,025,911 
A measuring device completely determines the characteristics of light pulses in a beam of ultrashort light pulses using 
optoelectronic detectors instead of second harmonic generating crystals. An optical system provides a spatial dispersion of 
an ultrashort pulse in at least one dimension. A two slit filter intercepts the dispersed beam whereby the transmitted 
spectra combine to provide a beat frequency within selected limits. An optoelectronic detector detects the beat frequency 
and outputs a signal functionally related to the beat frequency that contains spectral phase information that is sufficient t o 
characterize the pulse. In another embodiment, a beam splitter splits the beam into first and second beams, wherein one of 
the beams is time delayed and the other beam is spectrally dispersed. The two beams are recombined to provide 
information about the spectral phase of the ultrashort pulse. The pulse is completely characterized when the spectral phase 
information is combined with amplitude information.   Unlike currently used autocorrelators, no nonlinear optics are 
required, which, in addition to greatly reducing the cost, means that weak signals may be characterized, measurement is 
possible over a large frequency range (UV to IR), and complex reconstruction techniques are unnecessary. The invention 
enables accurate analysis of pulses that are propagating through the atmosphere or optical fibers, and of pulses used in 
impulsive stimulated Raman scattering. 

 
Apparatus and Method for Enabling the Creation of Multiple Extended Conduction Paths in the 
Atmosphere (STC Ref. 1996-003) 

Issued Patent  5,726,855 
An apparatus and method for enabling the creation of multiple 
extended conduction paths in the atmosphere, including a chirped- 
pulse amplification laser system having a high peak-power laser 
capable of transmitting through the atmosphere a high-peak power 
ultrashort laser pulse. The laser pulse is configured to have a rough 
spacial profile and is of sufficient energy to create multiple 
electrically conductive ionized channels in the atmosphere. 
Applications for this patent include discharging of lightning strikes 
to protect power plants, airports, and launch sites, remote 
grounding of   distant objects, and   guiding of   microwaves or 
electrons for scientific, defense, or even arc-wielding applications. 

 

Multi Comb Generation with a Mode Locked Laser Cavity 
(STC Ref. 2012-061) 

U.S. Application No.  13/747,316 
A mode-locked laser produces a stream of identical pulses, which can have the duration of only several femtoseconds, at a 
repetition rate being typically in the range of 70 to 150 MHz. In the frequency domain, the laser output consists in a 
frequency comb, consisting of equidistant lines. Because these lines are exactly equally 
spaced, this frequency comb can be used as a ruler for optical frequencies. Given an 
atomic line (frequency standard) as reference, this ruler can be used | in principle | to 
determine with absolute accuracy and high precision the optical frequency of any optical 
source, by comparing (beating) the frequency of that source with the closest line of the 
ruler,  and  counting  the  teeth  of  the  comb  that  span  the  difference  between  the 
frequency standard and the unknown source.   This patent can be used to fine tune the 
carrier frequency for spectroscopic application, intracavity pulse shaping, and dine tuning 
of the laser repetition rate. 

http://www.google.com/patents/US6025911
https://www.google.com/patents/US5726855?dq=5%2C726%2C855&amp;hl=en&amp;sa=X&amp;ei=ohq8U9alB8j3iwLKxoDQDQ&amp;ved=0CB4Q6AEwAA
http://www.flintbox.com/public/project/20241/


 

Signal Generation with Nanostructure Lasers (STC Ref. 2013-050) 
Provisional Application No.  61/928,705 
This invention describes the generation of radio frequency to 
THz signals using semiconductor lasers containing 
nanostructures. The method described uses photonic 
components as opposed to electrical circuit based techniques. 
Potential applications for this technology include ROF 
technologies for optical wireless networks, 4G mobile 
communications systems, and satellite telecommunication 
systems 

 
 
 
 
 
 

 
For more information or for licensing opportunities, please contact Erin Beaumont, Innovation Manager 

STC.UNM at (505) 272-7912 or at  ebeaumont@stc.unm.edu. 

http://www.flintbox.com/public/project/23001/
mailto:ebeaumont@stc.unm.edu

