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2 
Selected CURF Technologies 

 

List of Technologies 
 

Note: Italicized technologies are linked to DOD funding or previous interest 
 

1. Self-Healable Corrosion Inhibition Polyurethane Coatings (2013-065) 
2. Commodity Self-Healing Copolymers (2018-027) 
3. Polymer-Nanocarbon Composites for Energy Storage Applications (2013-025) 
4. Temperature-Responsive Electrolytes for Lithium Ion Batteries (2014-073) 
5. Redox-Active Interfaces for Accelerated Liquid-Solid Charge Transfer Reactions (2019-014) 
6. A Layered, Porous, Freestanding, and Electrically Conducting Nanostructured Composite Anode with High 

Capacity and Cyclability (2019-047) 
7. Digital Sensing Device for Direct Signal Processing (2017-009) 
8. Self-Powered Wireless Sensor (2017-027) 
9. A Battery less Sensor that Detects Occupancy and Human Activity Using Ambient Light Reflections for 

both Power and Signal (2018-051) 
10. Inherently Omniphobic Fibers and Fabrics (2016-025) 
11. New Material for Transcatheter Fixation of Bioprosthetic Heart Valves (2003-005) 
12. Biphasic Osteochondral Construct for Cartilage Tissue Repair 
13. Smart Orthopedic Screws for Imaging Through Tissue (2012-018) 
14. Locking Total Knee Replacement Design for Treating Knee Extensor Weakness 
15. 3D Printed Variable Hardness Foot Orthotics with Patient-Specific Fit 
16. Biologic Hydrogen Material for Combatting Intervertebral Disc Degeneration (2015-048) 
17. Collagen Patch to Repair Intervertebral Disc Herniation and Degeneration (2015-050) 
18. Durable Polymeric Antimicrobial Coating for Orthopedics (2017- 059) 
19. Multilayered Osteochondral Implant for Enhanced Bone Healing (2018-024) 
20. High-frequency Structures for Nanoelectronics and Molecular Electronics Characterizations (07-036) 
21. Dielectric Spectrometers with Planar Nanofluidic Channels (09-033) 
22. Capillary-Channeled Polymer Fibers for Isolating Exosomes 
23. Nano EDL Capacitor Based Biosensors (09-018) 
24. Method for Purifying Water Using Bismuth Phosphate Photocatalysis Under Reducing Conditions 

(2019-038) 
25. Sealed Seams for Fluid, Vapor and Air Barrier Articles (01-002) 
26. Activated Filtration Fabric (09-011) 
27. Scrybe: Blockchain Ledger for Clinical Trials (2018-035) 
28. Optical Physical Unclonable Function for Cyber Security Applications (2020-021) 
29. Sim[PLY]: Sustainable and Eco-friendly Construction Framing 
30. Dynamic Stochastic Optimal Power Flow Control for Power Systems with Intermittent Renewable Energy 

Generation 
31. Situational Intelligence System for Electric Power Systems 
32. Efficient Three-Level Fiber Lasers Enabled by All-Solid Photonic Bandgap Fiber (2019-007) 
33. A Colorimetric Test for Quantification of Uranium in Drinking Water (08-068) 
34. Beam combined diode laser through hybrid integration (2020-024) 
35. High power single-mode Triple Ridge Waveguide Laser (2020-035) 

 

36. Acentric Lanthanide Borate Crystals, Method for Making and Applications Thereof (2001-034) 
37. Enhanced Silicon Optical Fiber (2011-061) 
38. An Brillouin Athermal Optical Fiber (2012-082) 
39. Hydrothermal Trench Growth of Heterogeneous Single Crystals for Solid State Laser Applications (2013- 

060) 
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40. Terbium Oxyhydroxide as a New Faraday Isolator Material (2017-004) 
41. Fourier Transform Electrical Detection and Actuation (2009-039) 
42. Flexible Micro and Nanofluidics for Probing Liquids (2012-024) 
43. Marine Antifouling peptide (2015-066) 
44. Method for reducing biofouling in water treatment membrane systems using ultraviolet radioluminescence 

(2015-021) 
45. Deposition of Nanocrystalline Calcite on Metal Alloys by a Cellular Biomineralization Means and process 

for Preparing Same (2008-012) 
46. Signal Transduction Biology Based Marine Antifouling Coating (08-017) 
47. Organic fluorophores derived from pyrazoline for plastic scintillators (2016-019) 

 

48. Portable EPR Sensors (2012-053) 
49. Ultrahydrophobic Self-cleaning materials and surfaces (05-017) 
50. Hydrothermal epitaxial growth of chromium q-switched YAG microlasers (2009-055) 
51. Hydrothermal Growth of Thin Films on Single Crystals for Solid State Laser and Microlaser Applications 

(2010-051) 
52. Internal Gradient Doping of Single Crystals Hosts with Lasing Ions (2011-063) 
53. Hydrothermal growth of laser crystals with reduced amplified spontaneous emission (2011-108) 
54. A Signal Processing Method to Assess Dynamic System Similarity (07-047) 
55. Method and apparatus for detecting resonances in an electrostatically driven cantilever (05-015) 
56. Integrated additive manufacturing and laser processing techniques for ceramic, glass and sinterable 

materials (2020-015) 
57. A Method for Determining the Complete Frequency-Dependent Electrode Impedence Response from the 

high frequency impedence only (2019-021) 
58. Multi-laser based fast fabrication of nanocrystalline semiconducting metal oxide gas sensors (2020-034) 
59. Coherence length gated microwave photonics interferometric system and method (2020-038) 
60. High resolution distributed sensor (2020-057) 
61. Fast and continuously tunable orbital angular momentum system for higher order Bessel Beams integrated 

in time (2019-013) 
62. Multilayer porous waveguide sensors featuring high confinement factors and method for making the same 

(2018-009) 
63. Deeply sub-wavelength all dielectric waveguide design and method for making the same (2019-022) 
64. Method and apparatus for non-destructive measurement of faceguard structure stiffness (2018-031) 
65. Embroidery for precision control of tensile material properties of textiles (2018-040) 
66. Hydrothermal Growth of New Rhombohedral Single Crystals with the Formula MBe2NO3F2 (where 

M=Rb and Cs) RBBF and CBBF, for use in Visible and Ultraviolet Lasers and Non-Linear Applications 
and Devices (2006-009) 

67. Hydrothermal Growth of Rhombohedral Potassium Fluoroberyllium Borate Crystals for Use in Laser and 
Non-Linear Optical Applications and Devices (2005-027) 

 

68. Functionalized Biodegradable polymers to neutralize complex mixtures of organic compounds from 
environmental sources (2013-054) 

69. Use of Microwave energy to affect changes in chemical functionality of nylon surfaces (2016-042) 
70. Processing Technique for Ceramic- based Energy Conversion and Storage Devices (2020-015) 
71. Process for Fabricating Hollow-Porous Silicon Nano-Quills (2020-033) 
72. Multi-laser Process for Fast Fabrication of Nanocrystalline (2020-034) 
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1. Self-Healable Corrosion Inhibition Polyurethane Coatings (2013-065) 
 
This self-healing polymer coating inhibits corrosion of metal iron substrates while extending the 
life of coated materials. Self-healing materials are an emerging and promising market, expected 
to reach a market value of $2.7 billion by 2020. The concept of self-healing materials is to enable 
materials to repair damage with minimum intervention. Current approaches to achieving self- 
healing materials are based on encapsulating self-healing agents, which is an expensive and 
oftentimes impractical endeavor. Clemson University researchers have developed a self-healable 
polymeric coating that is achieved via crosslinking sugar moieties capable of self-repair and 
incorporating in polyurethanes. Further, the corrosion inhibition is achieved by crosslinking 
materials that inhibit the formation of iron containing oxides. By using this newly developed 
protective coating, the life of equipment or products can be significantly extended and their 
environmental footprint reduced. 

 
Clemson researchers have developed self-healable polyurethane polymeric coatings and 
simultaneous corrosion inhibition when applied to metal iron substrates. Self-healing is achieved 
via crosslinking of chitosan with polyurethane forming components. Corrosion inhibition is 
achieved by crosslinking of dopamine with polyurethane as terminating chain and segments that 
inhibits formation of Fe+3 containing oxides. By incorporating sugar moieties into 
polyurethanes, these materials are able to react with atmospheric CO2 in the presence of H2O, 
thus reforming covalent linkages capable of bridging cleaved network segments. Mechanical 
properties are recovered during self-repair process. These materials resemble behavior of plants 
during photosynthesis, but unlike plants, they don’t require photo-initiated reactions. 

 
NCS link: http://curf.technologypublisher.com/files/sites/new-curf-ncs-(2013-065).pdf 

 
Potential Interest: Aerospace 
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2. Commodity Self-Healing Copolymers (2018-027) 
 
These materials are produced from commodity monomers with specific predefined compositions 
and exhibit self-healing properties for applications plastics, composites, coatings, paints, and 
other applications. According to Grand View Research, the global polymer market is projected to 
grow at a CAGR of 26.4% from 2017 to 2025 and is expected to reach $4.1 billion by 2025. 
Preexisting self-healing materials rely on methods such as encapsulated fluids which fill 
damaged areas, nanomaterials that respond to electromagnetic fields, or some that incorporate 
living organisms into the material. Clemson University researchers have developed self-healing 
materials that are produced using commonly available monomers. Self-healing materials made 
with these copolymers are more cost effective as a result and could become more prolific than 
their predecessors. 

 
Commodity copolymers, such as methyl methacrylate/n-butyl acrylate (pMMA/nBA) and their 
derivatives exhibit self-healing properties when combined in certain monomer ratios. Self- 
healing materials without human intervention can benefit many fields, from medical devices to 
aerospace industries. These copolymers rely on van der Waal forces to self-heal and provides a 
simple alternative to repairing materials using traditional methods. Since these copolymers are 
commonly known and accessible this invention provides an easier and cheaper self-healing 
solution. 

 
NCS link: http://curf.technologypublisher.com/files/sites/2018-027_updated-format.pdf 

 
Potential Interest: Aerospace 

 
Grant Information: Grant Number 1744306 
“Key-and-Lock” Commodity Self-Healing Copolymers, National Science Foundation 

 
*This technology appears to be similar to 2013-065, and has the same inventor, and is likely 
funded from the same source, the NSF 
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3. Polymer-Nanocarbon Composites for Energy Storage Applications (2013-025) 
 
This composite material decreases energy storage costs compared to current commercially 
available technologies. The ability to store intermittent energy from sources such as wind and 
solar power is a major limitation for the commercial deployment of renewable energies in the 
consumer market. Currently used materials are not suitable for large-format energy storage due 
to either cost or safety concerns. However, large-scale energy storage is a rapidly growing 
market; the United States market saw a nine-fold increase between Q1 2016 and Q1 2017 in 
terms of deployed megawatt-hours of energy storage and predicted to be a market size of $3.2 
billion in the U.S. and $19 billion globally by 2022. Clemson University researchers have 
developed a material that overcomes current challenges in order to decrease energy storage costs 
for a variety of applications. 

 
This invention integrates redox polymers such as lignin with carbon nanomaterials in a manner 
that exploits the high-energy capacity of non-conductive, but redox-active polymers. These 
polymers are incorporated either during electrode synthesis or through adsorption. The carbon 
nanomaterial provides conductivity and surface area, and the polymer enhances energy storage 
capability. Free-standing electrodes were developed using nanotubes and other forms of carbon 
nanomaterials to produce mechanically and chemically robust electrodes. Importantly, the 
polymeric materials used in this technology are abundant and renewable, making the fabrication 
process cost-effective. Based on the electrode performance, it is expected that the cost per energy 
storage unit can be reduced to $0.01-0.02/Whr ($0.17/Whr for standard lead-acid batteries). This 
composite also demonstrates a high-performance-to-weight ratio of 1500 W/kg. 

 
NCS link: http://curf.technologypublisher.com/files/sites/new-curf-ncs-(2013-025).pdf 

 
Potential Interest: Dreamweaver. Transportation applications 

 
Grant Information: 
CURF Maturation Fund 2015-002 
SCRA Maturation Sponsored Research Agreement 
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4. Temperature-Responsive Electrolytes for Lithium Ion Batteries (2014-073) 
 
This polymer electrolyte for lithium-ion batteries can be used to inhibit thermal hazards 
associated with large-format and high-power lithium-ion batteries. Batteries and energy storage 
are an expanding market that is worth tens of billions of dollars annually, with the market for 
Lithium-Ion batteries expected to hit $30 billion by 2020. Due to this market growth, many 
research efforts aim to either make lithium-ion batteries larger or designing cells that discharge at 
faster rates to increase power output. Both these endeavors, however, lead to increased thermal 
hazards such as fires or explosions. Clemson researchers have developed a polymer electrolyte 
for lithium-ion batteries with temperature responsive properties that can be used to inhibit 
thermal hazards associated with large-format and high-power lithium-ion batteries. This is 
achieved by a phase transition that is based on the separation of a polymer from the electrolyte 
solution. The phase separation results in a decrease in conductivity, preventing battery operation 
and avoiding destructive safety measures. When the battery cools down, the polymer re-mixes 
into the solution and the battery regains function. This reversibility allows for prolonged battery 
life and avoids wasted devices, saving costs for purchases of new batteries and equipment. 

 
The electrolyte is comprised of a polymer and lithium salt dissolved in an ionic liquid mixture. 
At relatively low temperatures, the battery operates with good electrochemical properties. As the 
temperature increases beyond a specific value, the polymer phase separates from the ionic liquid 
– resulting in a solution that has low ionic conductivity. The decrease in battery performance is 
caused by the low conductivity of the phase separated suspension and the polymer aggregates 
adsorbing to the battery electrode surface. When the battery cools down, the polymer re-mixes 
into solution and the battery regains function. This approach provides an intrinsic safety 
mechanism that prevents the battery from overcharging or discharging when local temperatures 
get too high. 

 
NCS link: http://curf.technologypublisher.com/files/sites/new-curf-ncs-(2014-073).pdf 

 
Potential Interest: Government and Regulatory Body Initiatives to combat global warming 
(BCC) 
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5. Redox-Active Interfaces for Accelerated Liquid-Solid Charge Transfer Reactions 
(2019-014) 

 
Electricity currently comprises half of the energy that is generated and supplied globally, but 
energy consumption is steadily on the rise as populations burgeon and industrialize. Global 
industrial applications primarily use fossil fuels, which produce 86% of the world’s total 
electricity. However, high carbon emissions are causing a global concern regarding the negative 
environmental impact of how we power society. Advancements in the development of renewable 
energy are shifting demand towards more sustainable, safer fuels. But renewable power is often 
derived from intermittent natural processes, such as wind, water, or solar energy. As such, 
efficient energy storage is necessary to capture, retain, and distribute this generated power on 
demand. Current storage systems include redox flow batteries, but these are frequently inefficient 
and cannot handle large power volumes. Clemson Researchers have developed a novel interface 
to accelerate liquid-solid transfer reactions within redox flow batteries, offering advanced energy 
storage, extended power capacity life cycles, and efficient and affordable operation. 

 
This process uses unpurified carbon nanotubes, which means iron nanoparticles are left in the 
electrodes from the synthesis process. This provides the technology with its inherent technical 
advantages while also eliminating a costly production step. The kinetic advantage stems from 
coupling these nanoparticles with an iron electrolyte, and this “electrochemical pairing” of two 
similar redox materials, one in the liquid and one in the solid state, drastically increases the rate 
of charge transfer at the electrode-electrode interface. In order to store or access a charge, 
electrons must pass through the solid-liquid interface in the battery, and this is the rate limiting 
step for charge transfer. The addition of the redox mediator acts as a catalyst to promote charge 
transfer, leading to improved power density (faster charging and discharging) 

 
 
Potential Interest: Battery Technology, NASA 

Grant Information: NSF 1246800 
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6. A Layered, Porous, Freestanding, and Electrically Conducting Nanostructured 
Composite Anode with High Capacity and Cyclability (2019-047) 

 
The state-of-the-art anode materials such as the graphitic carbon and lithium oxide (LTO) suffer 
from poor capacity for Li. Silicon is a highly abundant and promising anode material, with both 
high gravimetric and volumetric capacity and low operating voltage. However, stable Li-ion 
batteries (LIBs) based on Si anodes are yet to be achieved due to the following roadblocks: 1. 
Unlike carbon and LTO electrodes, Si anodes inherently exhibit poor cyclability due to their 
large volume expansion upon Li insertion/extraction, leading to particle pulverization and 
delamination from the current collector, 2. The insertion of Li into crystalline Si in the first cycle 
of charge/discharge induces a phase transformation to permanently convert Si into its amorphous 
form that isn’t conductive, and finally, 3. At low voltages, the organic electrolyte in LIBs 
decomposes to form an undesired layer on the Si anode. A composite anode that can address 
these problems is direly needed for the next generation of Li-based batteries. Clemson 
researchers have developed a solution to the difficulties, by encapsulating Si nanoparticles in 
freestanding networks of carbon nanotubes. The use of two layers of nanotubes alleviates both 
delamination and pulverization issues. 

 
NCS link: unpublished 

 
Potential Interest: NASA funded 

 
Grant Information: NASA-EPSCoR project “Nanomaterials-based Hybrid Energy Storage 
Devices” #2022438 
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7. Digital Sensing Device for Direct Signal Processing (2017-009) 
 
The growing need for quick and easy methods of assessing, analyzing, and storing data of 
various kinds has increased exponentially in the past several years. In terms of gathering data on 
parameters such as temperatures, pressures, and humidity levels a sensor with wires and external 
sources of power are often required. Clemson University researchers have discovered an 
effective way to accurately and rapidly convert analog parameters into digital signals that can 
then be further transmitted or stored for the user’s need. This all-digital sensing device uses a 
binary system and allows for entry into the passive sensor market, i.e. FDIR devices whose 
market was valued at $10.1 billion in 2015 and has an expected annual growth rate of 11%. 
Within such a market, this device would allow for companies to examine desired conditions in 
harsher environments without exposing employees to greater danger and do this at a much lower 
cost per node. 

 
This all-digital sensing device digitizes the parameter to be measured and then encodes into 
binary bits. This then allows for transmission, display, or storage of the desired parameter. 
Because this device operates within a binary or quasi-binary fashion, it can recognize varying 
amplitudes of a given parameter based on conditional recognition. Such conditional recognition 
may include that of RFID sensors. No external power source is needed for the device due to its 
passive operation, i.e. the device recognizes changes in a coil as a result of change in 
environmental temperatures. The absence of a need for external sources of power provides this 
device an opportunity to be used in harsher conditions where traditional sensors would not be 
applicable include such those as turbine engines or aerospace applications. 

 
NCS link: http://curf.technologypublisher.com/files/sites/new-curf-ncs-(2017-009).pdf 

 
Potential Interest: Department of Energy 

 
Grant Information: 
Internal Start-up Funding 
Researcher had additional funding from Department of Energy DE-FOA-001383 Building 
Energy Efficiency Frontiers and Innovation Technologies (BENEFIT) but says it didn’t fund this 
exact project 
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8. Self-Powered Wireless Sensor (2017-027) 
 
This novel, self-powered sensor technology enables wireless transmission over a range of tens of 
meters without a motor or active power supply. The smart sensor market is expected to grow 
from 18.58 billion USD in 2015 to 57.77 billion USD by 2022, with the wireless sensor market 
share expected to reach over $940 million by 2020. However, all commercially available 
wireless sensors in the market require a power source. Clemson University researchers have 
developed a portable, self-powered wireless sensor that can be adapted to many applications such 
as smart electrochromic screens, security alarms, temperature and pressure sensors, and infrared 
sensors. 

 
This wireless sensor and transmitter are comprised of a tactile driven electric generator, using 
3D-printed nanocarbon and polymer electrodes. The technology relies on two electrodes capable 
of producing > 2000 V, which when connected to a metal conductor is sufficient to create an 
electric field that can be used to wirelessly communicate a signal over range of few tens of 
meters. The sensor is completely self-contained and requires no additional power. Additionally, 
waveforms generated by the sensor can be modulated by mechanical action such as hand tapping 
in a given sequence. These waveforms are preserved in the wireless signal (akin to Morse 
coding) and can be detected by existing compatible commercial electronic receivers. Thus, the 
technology can be developed into products suitable for security applications requiring wireless 
transmission of codes. 

 
NCS link: http://curf.technologypublisher.com/files/sites/2017-027_williams.pdf 

 
Potential Interest: Battery-free Sensors 

 
Grant Information: 
Watt Family Innovation Center #2301812 
Clemson University Startup Funds X-1460320 
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9. A Batteryless Sensor that Detects Occupancy and Human Activity Using Ambient 
Light Reflections for both Power and Signal (2018-051) 

 
This is the first batteryless, room-level occupancy-monitoring sensor that harvests energy from 
indoor ambient light reflections while simultaneously detecting human activity using changes in 
these reflections. The market for motion sensor technologies was evaluated at $4.47 billion in 
2017 and is expected to reach $8.17 billion by 2022. Reliable and accurate room-level 
occupancy-tracking systems enable modern smart buildings to better adapt to the needs of 
occupants and optimize certain resources, including power and air conditioning that waste an 
estimated 5-20% of energy. Unfortunately, existing occupancy-tracking systems, including 
passive infrared and ultrasonic sensors, are plagued by large size, high costs and energy 
consumption, and short battery lifetimes, rendering them ineffective for large-scale and long- 
term use. Clemson researchers have developed an unobtrusive, long-term, low-cost, and 
maintenance-free system design for occupancy tracking and energy harvesting. 

 
The commercial occupancy sensor uses light reflections to detect discrete movement events and 
direction, rather than binary detection (activity/no activity), with accuracies of 97% and 95%, 
respectively. This system consists of solar panels, a detector circuit, microcontroller, and radio, 
attached to a doorframe or ceiling facing downward. The panels harvest ambient light reflecting 
off the floor to power the sensor. When a person walks under the sensor, it blocks some of the 
light and changes the amount of harvested power. The tunable detector circuit monitors the 
energy harvested and signals the microcontroller whenever the panel voltage changes rapidly. 
The microcontroller then wakes up, monitors the signals from the inward and outward panels and 
determines what sort of activity occurred. 

 
Potential Interest: Battery-Free Sensors 

Grant Information: NSF #2015000077 
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10. Inherently Omniphobic Fibers and Fabrics (2016-025) 
 
This fiber modification uses channels with re-entrant features in the shape of repeating 
trapezoids to create highly repellent textiles that resist attraction of both water and liquid 
chemicals, solvents, and oils. The self-cleaning textiles market, which includes hydrophobic, 
oleophobic, and omniphobic materials, is expected to reach a value of $573 million by 2021. 
Conventional textile surface chemistries rely on chemicals like fluorocarbons, silicones, and 
waxes to create omniphobic materials. To reduce the need for chemical modifications, 
researchers from Clemson and the Natick Solider Research Development and Engineering 
Center (NSRDEC) have developed a fiber structure that allows for omniphobic fabrics to be 
produced. By engineering the fabric surface to have trapezoidal shape nano-features, any liquid 
that comes in contact with the material simply rolls off the surface. This approach eliminates the 
need for conventional chemical surface coatings and instead modifies the fiber geometry and 
structure, resulting in water, oil, and stain repellent fabrics. 

 
Clemson and NSRDEC researchers have developed a fiber surface architecture that allows for 
inherently non-wetting fabric substrates to be created without the need for chemical 
modifications. This process modifies fiber geometry and its surface structure by first creating a 
bi-component fiber. Then the water-soluble component is extracted, and a third level re-entrant 
fiber is introduced to achieve super liquid repellency. The introduction of a third level re-entrant 
on the fibers' surfaces is based on the addition of a dual hierarchical micro/nano-scale surface 
feature to an omniphobic fabric. The new fiber geometry eliminates the need for hydrophobic or 
oleophobic surface chemistries and results in excellent fiber extrusion control, fast fiber 
extraction, and excellent liquid repellency. 

 
NCS link: http://curf.technologypublisher.com/files/sites/new-curf-ncs-(2016-025).pdf 

 
Potential Interest: NATICK 

 
Grant Information: 
Developed jointly with NSRDEC, Natick Soldier Research, Development, & Engineering Center 
U.S. Army #W911QY-14-P-0413 
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11. New Material for Transcatheter Fixation of Bioprosthetic Heart Valves (2003-005) 
 
This technology features a biomaterial useful for bioprostheses, such as bioprosthetic heart 
valves (BHVs), in which the fixed tissue has improved elastic properties. The high elastin- 
containing biomaterial is further characterized by having anisotropic properties wherein the 
biological material has a greater stiffness in one direction and a greater elasticity in a cross 
direction. This technology can be used to improve current BHV devices which have a short 
lifespan due to mechanical deterioration and biological degeneration, due to the lack of elasticity 
of the tissues. This technology offers a new biomaterial with improved mechanical and 
biological properties. This anisotropic material is endowed with considerable strength making it 
suitable for use in manufacturing of BHVs and for other uses in replacement and reconstructive 
cardiovascular surgery. Its flat shape also allows for the possibility of fashioning the material 
into any desirable shape, size and orientation of the elastic component, therefore, setting the 
basis for manufacturing of novel BHV designs. Moreover, this technology presents an improved 
chemical fixation procedure, which reduces the propensity of the new biomaterial towards 
biological degeneration. 

 
NCS link: http://curf.technologypublisher.com/files/sites/03-005.pdf 

 
Potential Interest: Potentially VA 

 
Grant Information: 
Recently proposed an NIH STTR via GenTech LLC, which received an impact score of 24 in 
January of 2019; NIH #HL616652 
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12. Biphasic Osteochondral Construct for Cartilage Tissue Repair 
 
This osteochondral construct is seeded with mesenchymal stem cells to encourage repair of 
cartilage and subchondral bone in synovial joints. The global market for tissue engineering and 
regeneration is expected to grow from $13.6 billion in 2016 to $60.8 billion in 2021, in part due 
to the 5.4 million patients projected to require joint and cartilage regeneration procedures by 
2019 in the United States. Currently, many patients are living with pain caused by osteoarthritis 
until it progresses to require total joint replacement, or they are old enough to become candidates 
for the surgery. For patients with moderate pain, there are no treatments providing 100 percent 
repair of the cartilage and subchondral bone damaged by osteoarthritis. Cartilage transplants and 
scaffold plugs, the current standard of care, do not integrate well with surrounding bone and 
cartilage. Clemson University researchers have developed an anchored biphasic osteochondral 
construct that encourages bone and articular cartilage repair and cell growth. 

 
This biphasic construct has two parts: a top and bottom portion. The top portion, or cartilage 
portion, is made of alginate and has a surrounding ring of high friction material to provide 
enhanced fixation. The bottom, or bone portion, is made of a co-polymer with hydroxyapatite, 
and has a barbed pin extending below to anchor the construct to surrounding bone. A bundle of 
specialized fibers runs through the middle to allow fluid transport to the interior of the scaffold, 
or a large bundle that serves as the entire bone portion. Furthermore, the construct can be seeded 
with mesenchymal stem cells that can be differentiated towards cartilage and bone cells. 

 
NCS link: http://curf.technologypublisher.com/files/sites/new-curf-ncs-burg-(09-026).pdf 

 
Potential Interest: Potential VA interest 
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13. Smart Orthopedic Screws for Imaging Through Tissue (2012-018) 
 
These smart orthopedic screws allow physicians to noninvasively detect and monitor the health 
of bone implants, potentially preventing infection and implant loosening over time. In the United 
States, musculoskeletal injuries affect over 28 million patients annually – at least two million of 
which require fracture fixation surgery. These surgeries typically involve bone implants that are 
held in place by orthopedic screws, ensuring their functional position is held in place over time. 
In the cases of surgical fracture fixation, it’s important to monitor the fixation health of the 
implants since refracture, malunion, infection, and loosening occurs in almost 10% of all 
orthopedic and dental implants due to mechanical strain. While optical-based options for 
measuring implant strain are currently available, such as Moire pattern analysis and photoelastic 
polarimetry, these approaches are insufficient for measuring through tissue due to limitations 
imposed by the background, spectral distortion, and resolution. Clemson University researchers 
have developed “smart” orthopedic screws that incorporate x-ray excitable materials so detection 
through tissue is possible. This approach enables noninvasive monitoring and detection of 
implant strain so preventative measures can be taken to limit patient stress. 

 
These tension-indicating screws provide physicians with the ability to “see” bone implants 
noninvasively. Physicians can gauge the fixation health of implants by sensing the mechanical 
strain indicated by x-ray excited materials in the orthopedic screws. By incorporating 
biocompatible luminescent materials – such as fluorescent, phosphorescent, red and near infrared 
phosphorescent dyes – detection of the screws through living tissue is achievable. This method 
allows for many types of indicator dyes to be used in the screws, making the method accessible 
and simple to implement. The dyes can be detected via near infrared laser or x-ray, allowing 
physicians to gauge implant strain and potential loosening or infection safely and accurately. 

 
NCS link: http://curf.technologypublisher.com/files/sites/new-curf-ncs-anker-(2012-018).pdf 

 
Potential Interest: NASA 

 
Grant Information: 
Optical Strain Gauges and Orthopedic Screws for Imaging Through Tissue 
NASA NNX10AM76H 
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14. Locking Total Knee Replacement Design for Treating Knee Extensor Weakness 
 
This design allows patients to selectively lock the knee in full extension for the purposes of 
ambulation and unlock free rotation when desired. According to the American Academy of 
Orthopedic Surgeons, over 600,000 total knee replacement surgeries are performed in the United 
States each year. While total knee replacement (TKR) is a definitive method to restore knee 
function in most patients, some have trouble with knee function and weakness following surgery. 
Knee arthrodesis is required when a patient has inadequate muscular control or soft tissue 
stability to ambulate. This extended position requires greater muscular strength and endurance to 
control, even when sitting, which leads to secondary joint pain and muscular fatigue. The 
permanence of such a position can also prevent patient participation in many activities of daily 
living. Clemson University researchers developed a new design that provides an alternative 
surgical treatment to arthrodesis. This design enables a patient controlled locking mechanism 
within a TKR that can allow for bending of the knee joint when necessary. This provides 
functional convenience for patients, allowing them to flex their knee joint as necessary during 
passive functions and to walk with the functional equivalence of arthrodesis. 

 
The proposed design is a variant of a stabilized total knee replacement used for reconstructive 
surgery. The device is predicated on hinged knee designs but incorporates novel features that 
allow the user to selectively activate and deactivate a latch that locks the device in a position of 
full extension. The latch incorporates magnets, which allow the user to actuate the latch using an 
externally applied magnetic field, such as a handheld magnet. The latch is robust enough to resist 
bending at physiologically relevant loads. This allows the user to walk with a stiff leg gait when 
the device is locked in full extension. When the user unlocks the device, the user is able to flex 
the knee as desired or necessary. This reduces the movement of the leg when sitting or lying, 
increases mobility, and eliminates pain secondary to knee fusion, ultimately solving the problem 
of terminal knee extensor mechanism weaknesses that traditionally prevent patients from 
ambulating. 

 
NCS link: http://curf.technologypublisher.com/files/sites/2012-084_ncs.pdf 

 
Potential Interest: Potentially VA 

 
Grant Information: 
Advanced to Phase III by SC MDCAP 
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15. 3D Printed Variable Hardness Foot Orthotics with Patient-Specific Fit 
 
This custom-fit foot orthotic uses 3D printing, providing a clinician-to-patient manufacturing 
cycle that produces custom-fit foot orthotics in reduced time and lower costs. Over 29 million 
Americans, or 9.3 percent of the population, have diabetes. At any given moment, between 4-10 
percent of diabetics have a diabetic foot ulcer. In 3-5 percent of cases, the ulcer will become 
serious enough that an amputation is required to save a limb or the patient’s life. Traditional 
pressure offloading foot orthotics manufactured from foam-box negative imprints are effective in 
reducing ulceration. The downside, however, is the current manufacturing practices are costly, 
time-consuming, and labor intensive with high material waste. Clemson University Researchers 
have developed a 3D-printed custom foot orthotic with patient-specific geometry and variations 
in material hardness. This orthotic leverages commercially available 3D-printed materials in 
combination with a suite of proprietary algorithms, customizing the material geometry and 
enabling rapid fabrication of foot orthotics at a resolution not found in standard orthotic 
materials. 

 
Clemson University researchers have developed a system to 3D-print custom foot orthotics, such 
that patient specific geometry and variations in material hardness are directly printed to satisfy 
clinical need. The inherent flexibility of 3D printed orthotics decreases the wait time from 2-3 
weeks to 1 hour for patients needing orthotics. Due to the low-cost and rapid turn-around-time, 
this orthotic allows clinicians to make subsequent high-resolution adjustments in hardness 
topology to the custom foot orthotic as the patient’s response to treatment evolves. 

 
NCS link: http://curf.technologypublisher.com/files/sites/new-curf-ncs--2015-016.pdf 

 
Potential Interest: VA 



19 
Selected CURF Technologies 

 

16. Biologic Hydrogen Material for Combatting Intervertebral Disc Degeneration 
(2015-048) 

 
This hydrogel scaffold can be used as an early-stage intervention for combatting intervertebral 
disc (IVD) degeneration (IDD). Lower back pain is a significant burden that affects nearly 85 
percent of all people, 40 percent of which are attributed to IDD. IVDs reside between the bones 
of the spine and contain the nucleus pulposus (NP) which is a resilient hydrogel core that 
generates intradiscal pressure to support compressive loading. IDD has been shown to initiate in 
the NP and results in IVD tissue disorganization, loss of intradiscal pressure and IVD height. 
Current treatments only mitigate pain and currently available biomaterials do not contain, nor do 
they mimic native the NP extracellular matrix (ECM) biochemistry or mechanical properties. 
Patients with early-stage IDD have no choice but to wait for degeneration to progress before 
warranting IVD replacement or fusion. Clemson University researchers have developed a 
biomaterial that mimics the structure and function of human NP to mitigate or halt progression of 
IDD. 

 
The biomimetic hydrogel scaffolds were created by decellularizing the NP isolated from cow tail 
IVDs utilizing chemical and physical methods. Cow NPs were used due to their similar 
geometry, size, and biochemical components as compared to the human NP. The decellularized 
NP has no residual bovine DNA, yet retains a significant amount of natural NP ECM, including 
both collagen type II and aggrecan, comparable to human NP. Additionally, the biomaterial has 
similar static and dynamic compressive properties as compared to healthy human NP tissue. This 
biomaterial fills a significant market need for the development of a biologic-based NP 
replacement targeting the early-stage intervention of IDD. 

 
NCS link: http://curf.technologypublisher.com/files/sites/2015-048_ncs1.pdf 

 
Potential Interest: VA 

 
Grant Information: NIH 5P20GM103444 
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17. Collagen Patch to Repair Intervertebral Disc Herniation and Degeneration (2015- 
050) 

 
This collagen-based patch is a multi-laminate, ply-angle-ply sheet-based reinforcement used to 
biologically augment and facilitate repair of the annulus fibrosus (AF) of the intervertebral disc 
(IVD). Back pain is commonly associated with IVD pathologies including herniation and/or 
degeneration, resulting in structural defects within the AF. Nearly 500,000 lumbar discectomies 
are performed annually in the U.S. to aid in alleviating patient pain. During this procedure, a 
defect is created within the AF to remove herniated/degenerated nucleus pulposus (NP) tissue 
fragments. The resultant defect provides a path of least resistance for a reherniation to occur; 
resulting in costly reherniation operations (~$35k/re-operation) and eventually necessitates 
invasive spinal fusion surgery (~$115k/procedure). To date, no ideal biomaterial exists for AF 
repair. Clemson University researchers have developed a collagen-based, multi-laminate, cell 
friendly patch for AF repair using a simple and scalable process, resulting in a biomaterial that 
demonstrates biochemical and mechanical properties comparable to that of the native human AF 
tissue. 

 
This biomaterial patch is used to effectively repair the AF of the intervertebral discs in the spine. 
It is composed of fully decellularized pig pericardium and is assembled in a manner which yields 
a multi-laminate patch that has a ply-angle-ply architecture mimicking native human NP. 
Mechanical testing data suggest the AF patch behaves similar to the native human AF in both 
static and dynamic tensile loading conditions, providing instant mechanical strength following 
surgical implantation. Additionally, mechanical burst testing demonstrates the patch’s ability to 
withstand intradiscal pressures commonly observed. Cytocompatibility studies demonstrated the 
ability of the AF patch to support cell attachment and infiltration providing tissue regeneration 
capabilities. 

 
NCS link: http://curf.technologypublisher.com/files/sites/new-curf-ncs-mercuri-(2015-050)1.pdf 

 
Potential Interest: VA 

 
Grant Information: NIH 5P20GM103444 
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18. Durable Polymeric Antimicrobial Coating for Orthopedics (2017- 059) 
 
External fixation is a well-established orthopedic practice in which fractured bones or fusion 
sites are immobilized for healing by placing wires and/or pins into the bone on either side. 
Unfortunately, both superficial and deep tissue infections are prevalent with the use of external 
fixators, particularly Staphylococcal infections. The economic burden caused by treating such 
infections is expected to reach $1.6B annually by 2020. Though other antimicrobial coatings 
have been developed for use in orthopedics, the process required to insert the hardware into the 
patient exerts a tremendous shearing force, compromising the stability, longevity and efficacy of 
the product coating. Clemson researchers have engineered a mechanically stable antibiotic 
coating that withstands insertion to disperse a consistent antibiotic dosage throughout the 
lifespan of the implant. 

 
This highly-adherent polyglycidyl methacrylate-based (PGMA) coating for external fixator 
hardware resists mechanical shearing and degradation over time, allowing for consistent 
dispersion of antibiotics at the implant site. The coating consists of a co-polymer of up to three 
polymers: PGMA, which is responsible for high adhesion to metal, polyoligoethyleneglycol 
methacrylate (POEGMA), which forms domains for incorporation of hydrophilic drugs, and 
polylauryl methacrylate (PLMA), which forms domains for incorporation of hydrophobic drugs. 
Both hydrophilic and hydrophobic drugs can be incorporated into PGMA-based films in much 
higher doses than during a simple drug adsorption. Use of PGMA-based coating allowed for 
prolonged drug release and increased the drug’s long-term storage stability. Such PGMAbased 
coatings remain stable on metal implants after application of considerable shear forces, which 
enables incorporation and sustained release for broad range of drugs, including antibiotics, anti- 
inflammatory drugs, growth factors, and many others. 

 
NCS link: http://curf.technologypublisher.com/files/sites/2017-059_ncs2.pdf 

 
Potential Interest: VA 
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19. Multilayered Osteochondral Implant for Enhanced Bone Healing (2018-024) 
 
This novel off-the-shelf osteochondral implant exhibits a highly similar microarchitecture to that 
of native bone and cartilage, allowing better integration and mechanical support to the damaged 
tissue after implantation. Approximately 2,000,000 surgical procedures were performed to repair 
chondral defects in the United States between 2004-2011, with a 5% annual incidence growth 
over that time period. Osteoarthritis presents a monumental societal burden. It was responsible 
for $185.5 Billion in aggregate annual expenditure in the United States alone in 2008. 
Symptomatically, approximately 27 million adults are affected in the United States alone and by 
the year 2020, over 25% of the US adult population is expected to suffer from OA. Current 
solutions consist of autograft or allograft tissue plugs. Unfortunately, autografts rely on host 
tissue availability and can cause further damage to the surgical site. Allografts have a limited 
availability and shelf-life and pose the risk of rejection. Clemson University researchers have 
developed a readily available multilayered osteochondral implant that allows for better 
integration and mechanical support, decreasing the potential for rejection or revision surgery. 

 
Following the native microarchitecture of bone and cartilage, this construct consists of three 
distinct layers, each layer having a composition similar to that of its native counterpart. These 
layers, each having their own unique material and biochemical properties, are the cartilage 
analog, tidemark layer, and subchondral bone. The cartilage analog layer consists of 
decellularized xenogenic tissue that has been modified to improve its mechanical properties. The 
tidemark layer consists of a relevant combination of hydroxyapatite and poly(lactic-co-glycolic 
acid) (PLGA) and acts as the adhesive layer for the cartilage analog. The subchondral bone layer 
is a combination of hydroxyapatite and bioglass and serves as a scaffold-like material. All layers 
are treated to enhance mechanical properties. 

 
NCS link: http://curf.technologypublisher.com/files/sites/2018-024_ncs-(new).pdf 

 
Potential Interest: VA 

 
Grant Information: 
Bioengineering Alliance South Carolina Medical Translational Technology 
#247-2010343 
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20. High-frequency Structures for Nanoelectronics and Molecular Electronics 
Characterizations (07-036) 

 
The technology allows users to obtain electrical measurements of small devices and minute 
amounts of materials. These devices could include magnetoelectronic/spintronic devices and 
high-impedance devices, for instance a metallic single-walled carbon-nanotube (mSWNT), a 
SWNT transistor, a minimum-size deep-submicron metal-oxide semiconductor (MOS) field- 
effect-transistor (FET), a sub-micron MOS FET that is operating in sub-threshold region, and a 
molecular device. Other materials of measurement interest may include on-chip biofluids, 
chemicals, and thin films. 

 
NCS link: http://curf.technologypublisher.com/files/sites/07-036.pdf 

 
Potential Interest: Biosensors 

 
Grant Information: Department of Defense, Grant Number W911NF-06-1-0335 
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21. Dielectric Spectrometers with Planar Nanofluidic Channels (09-033) 
 
This technology features an improved method for fabricating nanofluidic channels on a silicon 
substrate. This method is used to develop nanofluidic channels having a height of about 1nm to 
10nm. Additionally, a method for dielectric spectroscopy measurements using the above 
nanofluidic channels has been developed. 

 
NCS link: http://curf.technologypublisher.com/files/sites/09-033.pdf 

 
Potential Interest: Biosensors 

 
Grant Information: US Air Force Research Office, FA9550-06-1-0505 
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22. Capillary-Channeled Polymer Fibers for Isolating Exosomes 
 
This capillary-channeled polymer (C-CP) fiber technology is a cost efficient and highly selective 
method to isolate exosomes facilitating widespread use of these cellular fragments for biomarker 
research, medical diagnostics, and targeted delivery of therapeutics. Exosomes are lipid 
membrane-derived vesicles secreted by most types of cells, which hold promise for diagnosing 
disease, as they retain the biomarkers of their parent cell. By analyzing exosomes, the presence 
of diseased cells may be detected prior to clinical onset of chronic diseases. Currently available 
methods of exosome isolation, like differential centrifugation in which particles are separated 
from a solution based on their specific size, shape, and density, often compromise the structure 
of the vesicle and are also time-consuming and costly on a clinical scale. Clemson University 
researchers have developed a novel, high-yield, low-cost method for isolation and collection of 
these nano-entities that can be customized to isolate various types of exosomes. 

 
The use of polyethylene terephthalate (PET) capillary-channeled polymer (C-CP) fibers in a 
hydrophobic interaction chromatography (HIC) protocol has shown promise in efficiently and 
effectively isolating exosomes in laboratory settings, with scalable potential. The technology 
demonstrates the ability to collect nano-entities on a much faster time scale with comparable 
yields and size distributions compared to traditional methods of exosome isolation, including 
differential centrifugation and the ExoEasy Maxi kit (QIAGEN). The versatility of PET C-CP 
fibers allows surface modifications for exosome type-specific isolation, which would prove 
useful in medical diagnostics. The fibers provide opportunity for scalable separations, allowing 
for implementation in small, spin-down columns as well as on a preparative scale for bulk 
exosome isolation from bioreactors. Exosome isolation on such a large scale would enable their 
potential use as natural, biocompatible drug delivery vehicles. 

 
NCS link: http://curf.technologypublisher.com/files/sites/ncs-2018-006-master-design-c2.pdf 

 
Potential Interest: Biosensors 

 
Grant Information: 
National Science Foundation, CHE-1608663 
The Eppley Foundation for Scientific Research, 2015001450 
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23. Nano EDL Capacitor Based Biosensors (09-018) 
 
This technology features the development and application of a nanoscale electrical double layer 
(EDL) capacitor based biosensor. It takes advantage of the fact that the capacitance of an EDL 
device varies very sensitively with the charge and dielectric conditions of the nearby space 
spanning from the electrode surface to a few nanometers out to devise EDL capacitive sensors to 
discriminate any variation or change in the charge and dielectric conditions in that space. 

 
NCS link: http://curf.technologypublisher.com/files/sites/09-018.pdf 

 
Potential Interest: Biosensors 
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24. Method for Purifying Water Using Bismuth Phosphate Photocatalysis Under Reducing 
Conditions (2019-038) 

 
Photocatalytic water treatment uses semiconductor particles in suspended or immobilized form 
which are excited by light in order to induce reactions that degrade or transform chemical or 
microbial contaminants in water. Bismuth phosphate (BiPO4) has been explored previously as a 
photocatalyst for advanced oxidation of organic contaminants. In this invention, Clemson 
researchers have developed a method which applies BiPO4, in microparticle form, as a 
suspension in water and reducing conditions are established in order to reduce, rather than 
oxidize, target contaminants- particularly recalcitrant poly/perfluoroalkyl substances. Reduction 
conditions are created by purging out dissolved oxygen via nitrogen bubbling, and through 
addition of an organic electron donor, such as methanol. The anoxic water and catalyst mixture is 
irradiated with ultraviolet lamps inside a photoreactor to induce treatment. Subsequently, the 
catalyst particles may be removed and recycled using a membrane separation process. The key 
aspect of the invention is the combination of BiPO4 and reducing conditions to induce treatment 
of PFAS, which has not been similarly demonstrated previously. 

 
NCS link: Not Available 

 
Potential Interest: DOD, Purifics Water 

 
Grant Information: Purifics Water, under confidential circumstances, as well as to associated 
with our funding agency, the Strategic Environmental Research and Development Program 
(DoD). 
#20-201-xxxx-0919-201-2012723 
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25. Sealed Seams for Fluid, Vapor and Air Barrier Articles (01-002) 
 
Composite films are required to light-weight and durable in order to be effectively used in a 
variety of fields. The current conjoining method uses polytetrafluoroethylene heated above the 
melting point and then pressed. However, this method is very costly and energy intensive. An 
inexpensive method is to use polyvinylidene fluoride which can form a film and a thin layer and 
glass fiber is impregnated with an inexpensive resin as an intermediate layer. To conjoin the 
above structure a mechanical method (sewing) is used. However, this creates stresses at the 
conjoining point and affects durability of the films. 

Clemson researchers have developed a conjoining method for a composite film characterized in 
that during the conjoining of the composite film comprised of polyvinylidene fluoride as the 
outer layer and a core material which are laminated with each other, the edge of one film is 
wrapped with polyvinylidene fluoride film and conjoined at a temperature of 350 degrees C or 
less. 

NCS link: http://curf.technologypublisher.com/files/sites/01-002.pdf 
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26. Activated Filtration Fabric (09-011) 
 
This technology features fibrous activated materials that can remove and /or deactivate 
potentially dangerous agents from a gas or an air stream. This technology also features methods 
of forming such fibrous activated materials. These materials are multi-layered that includes one 
or more fibrous nonwoven interceptor layers and one or more active layers immediately adjacent 
the interceptor layer. The interceptor layer is a fibrous membrane of very low basis weight, small 
in size and defines a relatively low porosity. The active layer includes a functional chemistry that 
can collect, adhere, or otherwise bond a threat agent onto the surface of the fiber and/or 
decontaminate a threat agent contained in an airstream passing through the material. 

 
NCS link: http://curf.technologypublisher.com/files/sites/09-011.pdf 

 
Potential Interest: DoD 

 
Grant Information: 
Department of Defense HR0011-06-C-0115 
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27. Scrybe: Blockchain Ledger For Clinical Trials (2018-035) 
 
Scrybe utilizes Lightweight Mining (LWM) which allows the algorithm to depart from the 
resource-intensive and time-consuming verification approaches that cryptocurrencies use when 
expanding the blockchain. The clinical trials market size is expected to reach 68.9 billion by 
2026, growing with a CAGR of 5.7%. Digitization is rapidly being adapted by securely 
maintaining 
patient data records, which lowers cost and reduces process errors. Ensuring that trial data is 
securely stored is essential to meet stringent regulations from governing bodies like the FDA. 
Scrybe also prevents malicious manipulation of data and is not dependent on local policy. This 
allows auditors to verify the integrity of the stored data, and the data integrity and non- 
repudiation is guaranteed. 

 
Scrybe has two main components: blocks and transitions. Blocks are added to the 
blockchain by authorized miners. Transactions can reference previous transactions, 
providing a chain of custody, or they can be genesis events, which register the acquisition 
of new data. Both patient information and permissions are collected and stored on a local 
server controlled by the medical institution. Using non-sensitive meta-data, a transaction is 
created on the secure server and a permanent universal resource locator (PURL) is created 
pointing to the data. The transaction is signed and submitted to miners. These miners add 
the transaction to a block which is then added to the blockchain where it can be broadcast 
to other miners for verification. Raw data is collected and stored locally on a secure server. 
This process is repeated as more information is generated and subsequently associated 
with the original transaction. This allows auditors and researchers to access the findings of 
other teams by viewing transaction records within the blockchain complete with signature 
for data verification. 

 
NCS link: http://curf.technologypublisher.com/files/sites/2018-035_final.pdf 

 
Potential Interest: Encryption 

 
Grant Information: 
Clemson University Grant Number 2010952 
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28. Optical Physical Unclonable Function for Cyber Security Applications (2020-021) 
 
This robust optical physical unclonable function (PUF) features a novel single waveguide, as 
well as an integrated form factor, enabling it to achieve true integration and demonstrate stability 
in a variety of conditions. The global market for cyber security is projected to grow from $113.4 
billion in 2019 to $220.2 billion by 2024, with a CAGR of 14.2%. Physical unclonable functions 
are an emerging security factor for modern systems and devices, acting as a tamper resistant 
security method. Unlike other types of PUFs, optical PUFs are especially advantageous owing to 
the large data capacity and wave dominated nature of photonic devices that further provides 
enhanced signature complexity and passive operation. Optical PUFs, however, are limited by 
their sensitivity to initial conditions, temperature, and power. Clemson researchers have 
developed a highly visible, random, and easily measurable approach to overcome the limitations 
associated with conventional optical PUFs for a secure, stable integration into modern systems. 

 
This technology uses a multiple-scattering interferometer (MSI) made with standard single-mode 
silicon photonic components operating in the near infrared to achieve a robust, integrated silicon 
PUF. The PUF includes a unique integrated photonic form factor and single mode waveguides, 
rather than multimode waveguides, in primary aspects of the structure. Additionally, the use of a 
high sensitivity resonator and/or interferometer configuration enables near uniform optical 
confinement factors with the waveguide core. These features are achieved by using small 
modulations on a waveguide, rather than air holes or photonic crystals that would yield variable 
confinement factors. This optical PUF is the first to achieve true integration and demonstrate 
stability in a variety of environmental and thermal conditions. 

 
NCS link: Unpublished, available on H:// Drive 

Potential Interest: Encryption, Air Force 

Grant Information: 
Air Force Office of Scientific Research (AFOSR) Grant No. FA9950-19-1-0057 
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29. Sim[PLY]: Sustainable and Eco-friendly Construction Framing 
 
Sim[PLY] is a sustainable construction framing system that utilizes pre-manufactured, CNC-cut 
plywood components and specialized connection details to enable fast, easy, and safe on-site 
building construction. The market for green, sustainable building materials and construction is 
trending and on the rise: the global market is projected to reach $529 billion by 2020. Increased 
awareness about the benefits of green technologies and stricter government regulations are 
factors that have contributed to the growing market. However, green building practices are still 
expensive when compared to traditional construction, which is often a deterrent for builders. 
Clemson University researchers have developed an innovative structural system that allows 
individuals to construct a house using only hand powered tools. The Sim[PLY] framing system 
consists of pre-cut and individually numbered components, designed to be flat-packed and 
shipped directly to a building site. At the building site, the components can be easily and rapidly 
assembled using tab-and-slot connections secured by steel zip ties. Assembly is safe and quiet 
and requires no power equipment. The result is a durable, eco-friendly building with a strong and 
resilient structure, capable of high insulating values. 

 
Sim[PLY] represents the future of sustainable light-frame construction. It is a kit-of-parts that 
consists of CNC-cut plywood components, which are premeasured and individually numbered. 
These components are designed to be flat-packed and delivered to any construction site for 
assembly. At the construction site, the components are easily assembled into a 3D structure using 
a tab-and-slot connection and steel zip ties. This innovative framing method has proven to be 
faster, safer, quieter, and more eco-friendly than traditional construction procedures. 

 
NCS link: http://curf.technologypublisher.com/files/sites/updated-ncs-2015-053-pdf.pdf 

 
Potential Interest: Forward Operating Bases, air-drop; supply-chain, logistics 

 
Grant Information: 
Department of Energy DE-EE0006559 
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30. Dynamic Stochastic Optimal Power Flow Control for Power Systems with 
Intermittent Renewable Energy Generation 

 
This technology is aimed at better integration and control of renewable power sources into 
conventional power utilities. With growing concerns over environmental impact of coal and gas 
power, there is an ever-increasing rise of wind, solar, and geothermal energy generation being 
brought online. It is expected that by 2023 that about 12% of the total global energy supply will 
be from renewable energy sources. By 2025 this market is expected to be valued at $1.49 trillion. 
This technology would help facilitate the increase of these new sources by controlling their 
unpredictability and managing the high short-term variability associated with intermittent energy 
sources. 

 
This technology integrates aspects such as power system economy, stability and security into the 
formulation of the DSOPF methodology to help achieve the goal of non-linear optimal control. 
This proposed DSOPF system can replace other methods such as adaptive critic designs and 
secondary voltage control to help ensure that a coordinated alternating current power flow is 
created. Therefore, highly variable energy systems, such as those associated with renewable 
energy sources, can be continuously maintained at optimal operating status through adjustment 
of set points within established algorithms. 

 
NCS link: http://curf.technologypublisher.com/files/sites/updated-2012-111.pdf 

 
Potential Interest: Grid Power Management, maybe ship-based 

 
Grant information: 
NSF 1238097 
NSF 1231820 
NSF 0802047 
NSF 0836017 



34 
Selected CURF Technologies 

 

31. Situational Intelligence System for Electric Power Systems 
 
Situational awareness is critical and important to control room operators for secure and efficient 
smart grid/power system operation. Continuous data sense-making is critical for ensuring the 
stability of the power system. This Clemson technology relates to an electrical grid control 
system and, more particularly, to an improved system and method for grid control using an n- 
dimensional cellular computational network to provide a situational awareness (SA) framework. 
This electrical grid simulation system and method combines components to better mimic and 
control expected and unexpected parameters in an electrical grid. The invention provides grid 
simulation in a manner to allow improved testing of variable power generators, such as wind 
turbines, and their operation once interconnected with a medium-voltage grid in multiple 
countries. 

 
NCS link: http://curf.technologypublisher.com/files/sites/2012-112.pdf 

 
Potential Interest: Grid Power Management, maybe ship based 

 
Grant Information: 
NSF ERFI1238097 
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32. Efficient Three-Level Fiber Lasers Enabled by All-Solid Photonic Bandgap Fiber 
(2019-007) 

 
This technology is a new high power, diffraction-limited laser pump with several innovative 
changes for improved performance. The novel design lets laser light be launched directly into the 
active single-mode core, resulting in an increased overlap between the pump light and the active 
core within the fiber. This leads to a reduction in the fiber length along with reduced peak 
powers. 

 
The design leads to a two-order magnitude increase in power in conjunction with a two-order 
reduction in fiber length. It is a more efficient design and easier to operate since it’s a three-level 
system. 

 
Potential Interest: High powered laser applications 
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33. A Colorimetric Test for Quantification of Uranium in Drinking Water (08-068) 
 
This technology features novel methods, materials and systems to determine the uranium 
concentration in water samples. These methods generally include a concentration step and a 
complexation step. Uranium concentration can be carried out according to an extraction 
chromatographic process and complexation can chemically bind uranium with a detectable 
substance such that the formed substance is visually detectable. These methods can detect 
uranium contamination down to levels even below the maximum contamination level (MCL) as 
established by the EPA. These systems are relatively simple and cost-effective. The methods are 
rapid and require little technical training in chemical analysis techniques to perform, allowing it 
to be used by consumers in the laboratory or in the field. 

 
NCS Link: http://curf.technologypublisher.com/technology/4247 

 
Potential Interest: Homeland security 

 
Grant Information: 
Grant FG02-05ID14692 from the Department of Energy, Joint IP with Savannah River National 
Laboratory 
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34. Beam combined diode laser through hybrid integration (2020-024)

High power, high brightness diode lasers are critical for applications in free space optical 
communication and sensing, laser material processing, medicine, display, fundamental science, 
and laser weapons. For a single semiconductor laser, high power operation often results in 
thermooptic/optical nonlinear effects that cause deterioration in the output beam quality. To scale 
up the output power, beam combining is often used to combine several single emitters to a laser 
array. Although traditional beam combining systems can provide high power operation, they 
require optical fibers and free-space components such as lens, external cavities and diffraction 
gratings. The final system is always inefficient, complex, bulky, expensive or not robust. A novel 
approach for obtaining efficient combining of diode lasers is highly desired to reduce the system 
cost, size, weight, and power (CSWaP). The traditional components are replaced by photonic 
integrated circuits (PICs) which significantly reduce the photonic system CSWaP through hybrid 
photonic integration. Normally, there are two different types of beam combining techniques: 
coherent beam combining (CBC) and wavelength beam combining (WBC). For the CBC 
technique, we propose a novel hybrid photonic integration platform to achieve laser beam 
combining that usually requires free-space components such as lens, external cavities, and 
diffraction gratings on a single silicon chip. The proposed research not only realizes the 
miniaturization of beam combining system but also provides novel and versatile integrated laser 
sources for the future PICs. For the on-chip CBC implementation, we propose to replace the 
Fourier lens external cavity that provides the coherent coupling in conventional CBC systems 
with a coupler array in the passive silicon chip. We demonstrated that the cross-coupling 
feedback from the coupler array functions exactly as the Fourier cavity and realizes CBC of the 
integrated diode laser array. The miniaturized CBC system not only creates an integrated high 
power, single wavelength source for passive PICs but also provides for a chip-scale platform to 
study coherent coupling between the laser arrays. For the WBC technique, we propose to create 
an integrated WBC system on a silicon chip by replacing the diffraction grating that provides the 
wavelength multiplexing in conventional WBC systems with an arrayed waveguide grating 
(AWG). The AWG can simultaneously select the wavelengths of the laser array elements and 
combine them. The proposed WBC system provides accurately controlled, tunable, multiple- 
wavelength laser sources for passive PICs. In addition, it can increase both the array size and 
spectrum utilization efficiency to improve the scalability. 

Potential Interest: Laser Applications 

Grant Information: 
US Dept. of the Army Award W911NF-18-1-0176 



35. High power single-mode Triple Ridge Waveguide Laser (2020-035)

The proposed technology revolves around a triple ridge waveguide structure for a high-power 
semiconductor laser. This is achieved by quipping the multimode active main waveguide with a 
pair of lossy auxiliary waveguides. This allows the user to appropriately select the coupling 
coefficient based on the gain-loss contrast between the main and auxiliary waveguides and 
effectively suppress all the undesired higher-order transverse modes under the threshold. This 
ensures a larger emitting aperture and, accordingly, a higher output power than conventional 
single ridge waveguide structure lasers. 

The primary feature of the laser is the triple ridge waveguide consisting of a broad-ridge 
waveguide in the middle with a pair of lossy auxiliary waveguides placed on both sides. This 
allows for a higher output power than conventional single-transverse-mode ridge waveguide 
diode lasers. The multiple waveguides cancel out the multimode effects as power goes up, 
allowing for high power and single mode effects. 

NCS Link: http://curf.clemson.edu/technology/triple-ridge-waveguide-laser/

Potential Interest: Laser Applications 

Grant Information: 
Office of Naval Research N00014-17-1-2556 
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36. Acentric Lanthanide Borate Crystals, Method for Making and Applications Thereof
(2001-034)

Single crystals of an acentric lithium borate have been grown using a novel method. These 
crystals are of high quality and suitable for solid state non-linear optical laser applications. The 
material has a very wide bandgap, making it appropriate for laser applications in the deep 
ultraviolet. As an acentric solid it has non-linear properties including a second, third, and fourth 
harmonic generation. As a uniaxial crystal it should be capable of phase matching. 

Potential Interest: Laser applications, fiberoptic sensing 

Grant Information: 
National Science Foundation - 9714408 
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37. Enhanced Silicon Optical Fiber (2011-061)

Optical fibers are used in a wide range of industries as a conduit to transmit light. Fibers 
comprising silicon offer a marriage of fiber optics with silicon photonics and opens the door to 
numerous opportunities in chemical sensing, thermal imaging, and related applications where 
infrared light is used. 

The Clemson technology is a type of optical fibers that incorporates an oxide glass cladding and 
crystalline silicon core. Oxide impurities that have been inadvertently introduced into the fiber 
core during drawing are eliminated by a chemical reaction from a scavenger prior to drawing 
resulting in lower loss and greater crystalline perfection. 

NCS Link: http://curf.technologypublisher.com/technology/8147 

Potential Interest: Laser applications, fiberoptic sensing 
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38. An Brillouin Athermal Optical Fiber (2012-082)

Optical fibers are enablers of a wide variety of modern technologies. However, during use, 
optical fibers heat up and their performance can subsequently change. This form of thermal 
dependence is especially problematic for high energy fiber laser and optical fiber sensor systems. 
Currently, the market for optical fiber sensors is projected to be $4 billion by 2017 and 
experience a growth rate of 20.3%. The addition of alumina to the silica fibers can mitigate the 
thermal effects of the fibers. However, conventional methods severely limit the addition of 
alumina to silica. In order to solve this problem and take advantage of the optimal market 
environment, Clemson University researchers have developed a novel process that uses a 
molten-core technique to add sapphire (Al2O3) to silica (SiO2) glass. Ultimately, this is an 
industry accepted and scalable manufacturing technique that allows for unstable glasses to be 
directly obtained in fiber form, creating an optical fiber that has a temperature independent 
acoustic spectrum. These fibers will substantially enable higher performance optical fibers and 
open the door to more market opportunities. 

Clemson University researchers have developed a molten-core technique to add sapphire 
(Al2O3) to silica glass. The addition of alumina to silica fibers greatly enhances the fiber’s 
immunity to selected optical non-linearities. The core material is able to melt the temperature in 
which the cladding glass draws into the fiber. The high quench rates permit previously 
unrealizable core compositions to be directly obtained in fiber form. This invention accomplishes 
the formation of an optical fiber whose acoustic (Brillouin) spectrum is temperature independent, 
a characteristic that has never been previously validated. 

NCS Link: http://curf.technologypublisher.com/technology/13463 

Potential Interest: Laser applications, fiberoptic sensing 

Grant Information: 
Department of Defense W911NF-12-1-0602 
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39. Hydrothermal Trench Growth of Heterogeneous Single Crystals for Solid State 
Laser Applications (2013-060) 

 
This approach to growing heterogeneous single crystals relies on cutting trenches or drilling 
circular holes in the substrate seed and allowing hydrothermal growth of the crystals to occur. 
The resulting crystals can be used as the active medium in solid state laser applications. The 
global market for solid state lasers is projected to steadily increase, reaching $850 million by 
2020. However, the market lacks a manageable and simplified method for mass production of 
single crystals which creates a problem for the increasing demand for solid state lasers and 
appropriate materials. Clemson University researchers have developed two specific approaches 
of hydrothermal growth that creates multifunctional layers of crystals from a trench carved into 
an appropriate substrate or by drilling holes of varying diameters in the substrate. The crystal 
growth processes are promising for simplified mass production, making it very advantageous to 
the optic industry. 

 
This method of hydrothermal growth produces single heterogeneous crystals by utilizing 
trenches and drilled holes within the substrate seed. Hydrothermal growth of crystals relies upon 
the use of hydrothermal fluid, a low viscosity fluid that can transport material to irregular 
surfaces and allow growth of crystals. By cutting trenches or drilling round holes in substrate 
seed and subjecting them to this hydrothermal growth process, trenches and circular holes with 
singles crystals are produced, creating a columnar region of laser gain medium. This growth 
process can repeated multiple times using various sized depressions, allowing for a simplified 
means of mass production of crystals that can be used in numerous laser and optics applications. 

 
NCS Link: http://curf.technologypublisher.com/technology/22038 

 
Potential Interest: Laser applications, fiberoptic sensing 



40. Terbium Oxyhydroxide as a New Faraday Isolator Material (2017-004)

A potentially new material to act as a Faraday Isolator has been developed. Faraday isolators are 
materials that essentially act as "filters" to prevent feedback from laser optics back into the pump 
laser. In most lasers the pump is a diode laser and it serves to pump the laser cavity from ground 
state to the "population inversion" state whereby the cavity lasers. This is a standard design for 
many different types of lasers. However, a significant problem is that the various laser optics can 
reflect the pump light from the diode back into the diode itself. The pump diodes are very 
sensitive to this problem and the feedback can blind them and burn them out. A laser cavity 
design that is particularly sensitive to this problem is the diode pump fiber lasers that are getting 
much more common in applications such as cutting, automotive welding and related 
applications. To minimize the damage to these devices, a Faraday rotator or "Isolator" is inserted 
at several steps of the laser design to filter out the back-reflection light. Since the pump light has 
to actually pass through this in the forward direction, the filter cannot be just a simple absorber. 
It must be a material that can only absorb light going "backwards" but not "forwards". This is 
obviously a complex demand and the only metal ion that can do this well is Terbium3+ (Tb3+). 
Tb3+ is not a straightforward material to deal with since it has other stable oxidation states 
(Tb4+), that can cause problems. Thus, there is a continual search for new Tb3+ materials that 
can behave as Faraday rotators. The material described herein is not a new material. Its structure 
has been reported some years ago but only as small single crystals and not for this application. 
This invention is the growth and use of large single crystals of TbOOH as a Faraday rotator. 

NCS Link: http://curf.clemson.edu/technology/terbium-oxyhydroxide-for-better-faraday-
rotators/

Potential Interest: Laser applications, fiberoptic sensing 

Grant Information: 
Department of Energy DE-SC0014271 
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41. Fourier Transform Electrical Detection and Actuation (2009-039) 
 
This resonance frequency detector can detect a wide variety of parameters affecting resonance 
through the use of a patented micro-cantilever. This detector modulates electric charge at varying 
frequencies on a counter electrode until it matches the induced frequency on a cantilever. Current 
resonance detection devices require piezoelectric or chemically functioned cantilevers or lasers. 
However, these methods require multiple components, are bulky, or have parasitic capacitance. 
Clemson University researchers have developed a method to detect chemical/biological species 
and measure parameters such as pressure and acceleration, magnetic force, temperature, and 
extremely small balances by observing the resonance changes between the cantilever and an 
electrode. This approach provides an electrical alternative with a simple handheld design, 
allowing for portability and addressing unmet needs of the market. 

 
This detector identifies and analyzes electrical signal in semi-conductive or conductive elements 
at resonance frequencies. The detection and analysis of an electric signal is performed based on 
movement between an element and a counter electrode influenced by a non-linear electric field 
produced by an electrical signal impressed between the element and counter electrode. Changes 
in the distance and environmental parameters between the element and the counter electrode may 
be monitored based on the changes in the value of the capacitance between the element and 
counter electrode. The method includes applying a signal to a counter electrode and thereby 
inducing an electrostatic force on a cantilever that is in a non-contact arrangement with 
electrode. This electrostatic force generates electric signal at the element. At resonance, this 
generated signal will contain not only the fundamental mode of the applied signal but will also 
contain harmonics of the generated signal. By observing the changes in the generated signal, 
chemical/biological species can be detected as well as monitor parameters that influence 
resonance. 

 
NCS Link: http://curf.technologypublisher.com/technology/22436 

 
Potential Interest: Sensing applications 

 
Grant Information: 
National Science Foundation DMR-0304019 
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42. Flexible Micro and Nanofluidics for Probing Liquids (2012-024)

These porous nanofibers are designed to collect extremely small volumes of liquid for analysis, 
featuring materials that control liquid uptake by a butterfly-type proboscis. The global nanofibers 
market had an estimated worth of $390.6 million and is expected to grow at over a 25% CAGR 
between 2016 and 2024 due to the ever-expanding application space. Sampling of hazardous 
chemicals or liquids at the cellular level presents a challenge for both safety and sensing 
capabilities. The ability to deploy, detect, sample, and identify low-volume fluids in a single 
microfluidics device could be a promising technology with many engineering applications. 
Clemson University researchers have developed a method of creating nanofibers with the critical 
materials features of a butterfly proboscis, incorporating the desired aspects to detect and collect 
potentially hazardous low-volume liquids in a safe manner. 

The artificial proboscis is fabricated using a library of electrospun polymer fibers. By 
controlling the time of electrospinning and revolution rate during the twisting of the fibers into 
yarn, biomimetic transport and mechanical properties comparable to a butterfly proboscis can be 
obtained. By varying the chemical composition of polymer blends and environmental conditions 
during electrospinning, a porosity as high as 82% can be achieved. The absorption rate of the 
probes is significantly increased by designing the probes to have double porosity composed of 
both micrometer- and nanometer pores. Depending on the application, the probe can be made 
ferroelectric or magnetic for remote manipulation to collect droplets. Remote bending of the 
probes is affected by the absorbed material, allowing the probes to act as 
identifiers/sensors themselves. 

NCS Link: http://curf.technologypublisher.com/technology/9203 

Potential Interest: Sensing applications 

Grant Information: 
National Science Foundation CMMI0826067,CMMI0825773,EFRI0937985 



43. Marine Antifouling peptide (2015-066)

This technology is a synthetic analog, in the form of a peptide, to a noradrenaline (NA) molecule 
that enables antifouling action[WU1] . This analog is successfully manufactured and 
incorporated into commercial epoxy-based paints and coatings to deter fouling marine 
invertebrates from settling, thus preventing biofouling. Marine coatings are used in commercial 
and military ships, fixed and floating marine structures, and recreational boats and yachts. Both 
Tributyl tin and copper-based antifouling paints are highly toxic to the marine environment, and 
tend to accumulate in the sediments of ports, harbors, and estuaries that host many ships, 
producing the market need for a safe and effective coating that provides protection without 
harming the marine environment. In addition, the desire to reduce fuel consumption of ships is 
contributing to the growth of the marine coating market, which is expected to reach 10.2 million 
by 2018. In this superior market environment, Clemson University Researchers have developed, 
synthesized and tested co-polymer systems that have bioactive peptide Miata57 on their surfaces 
which inhibit the NA cellular transporter/receptor complex. This highly effective and safe 
antifouling peptide innovation could promote leadership in the field of protective, industrial, and 
marine coatings. 

Prior research has shown that NA, when covalently bound to a surface deters fouling marine 
invertebrates from settling, thus preventing biofouling. Yet, NA is not an ideal molecule for 
inclusion as an active agent in marine antifouling paints due to the fact that it has a short half-life 
and it spontaneously oxidizes into adenochrome, thus resulting in a complete loss of biological 
activity. This produced the need to find a molecular analog to the NA ligand that would have a 
long half-life, could be manufactured and be incorporated into commercial epoxy-based paints 
and coatings. The peptide Clemson developed stimulates apoptosis in hemocytes and cyprids. It 
is toxic to 3-day old cyprids and inhibits cyprids larval settlement at certain concentrations. 

NCS Link: http://curf.clemson.edu/technology/marine-antifouling-peptide-to-prevent-
biofouling/

Potential Interest: Naval applications 

Grant Information: Office of Naval Research N00014-14-1-0488 
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44. Method for reducing biofouling in water treatment membrane systems using ultraviolet
radioluminescence (2015-021)

This approach reduces biofouling by using X-ray irradiation and ultraviolet-emitting materials to 
reduce bacterial growth and biofilms. Biofouling is a critical issue in membrane water and 
wastewater treatment as it greatly compromises the efficiency of the treatment processes. It is 
difficult to control and results in increased operational costs and poor performance. Current anti- 
biofouling techniques involve chemical cleaning steps or antimicrobial surfaces which have 
proven inadequate over long-term operation for many feed waters. In contrast, Clemson 
University researchers have developed an anti-biofouling approach that can inactivate bacteria 
without introducing chemicals into the feed water and without pausing operation of the 
membrane treatment process. This is accomplished by incorporating radioluminescent materials 
onto the module feed spacers and applying an external X-ray source to produce germicidal UVC 
within the membrane element. 

Germicidal ultraviolet radiation is an effective, broad spectrum biocide. By controlling the x-ray 
dose rate, the biocidal action of the system may be tuned to meet changing conditions. The 
phosphors in this technology are designed to emit ultraviolet radiation when stimulated by hard 
x-rays within a certain range. When an external x-ray source is applied, they penetrate the 
module and are absorbed by the phosphors, producing ultraviolet radiation and eliminating 
bacteria within the system. This is the first method to achieve production of germicidal radiation 
within the interior of a spiral-wound membrane module.

NCS Link: http://curf.technologypublisher.com/technology/22772 

Potential Interest: Naval Applications, NASA 
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45. Deposition of Nanocrystalline Calcite on Metal Alloys by a Cellular Biomineralization
Means and process for Preparing Same (2008-012)

These technologies feature a method for deposition of nano-crystalline calcite plates by 
specialized epithelial tissue or cells onto metallic surfaces, such as stainless steel or other alloys. 
This is the first demonstration of a novel crystalline material that is produced by animal tissues 
which can be produced in a highly controlled process. This material and its process for 
preparation is potentially applicable for producing novel biomaterials for organ and tissue 
regeneration, biocompatible implants for tissue repair, and bone and joint implants. These 
materials may be included in the next generation of environmentally benign antifouling, cellular 
adhesive and protective coatings. The cellular production of novel crystalline surfaces is ideal for 
improved pearl seeding in the pearl culture industry. 

NCS Link: http://curf.technologypublisher.com/technology/4324 

Potential Interest: Navy 

Grant Information: US Air Force Research FA9550-06-1-0133 
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46. Signal Transduction Biology Based Marine Antifouling Coating (08-017) 
 
This technology features a novel method of deterring biofouling of a surface, the undesirable 
accumulation of micro-organism, plants, algae and animals on submerged structures or other 
structures exposed to water or damp environments. Current anti-fouling coatings that have 
biocidal effects are copper based and there is concern that leached copper is detrimental to the 
marine environment. This technology features a treatment with noradrenalin (NA) which only 
disrupts larval settlement and does not harm the organism's growth or survival. Attaching 
themselves to surfaces, organisms not only impede water flow across the surface hampering 
performance but can also cause deterioration of the surface itself. It is highly undesirable for 
organisms to become established or spread on any of these surfaces. Slime layers frequently 
form, and these can lead to unsafe, unhealthy or unaesthetic conditions. The compositions and 
methods of this technology are readily applied to a variety of surfaces and, without limiting the 
methods and compositions, function more by preventing adhesion of an organism to a surface 
rather than by acute toxic activity, rendering these compositions more environmentally 
acceptable. 

NCS Link: http://curf.technologypublisher.com/technology/4254 

Potential Interest: Navy 

Grant Information: Office of Naval Research N00014-05-1-0468 
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47. Organic fluorophores derived from pyrazoline for plastic scintillators (2016-019) 
 
These organic fluorophores have enhanced luminosity in response to ionizing radiation, increasing the 
efficiency of plastic scintillators and providing greater environmental stability. With increasing 
investments in radiation monitoring for homeland security, the scintillator market is expected to reach 
$607.21 Million by 2025. Currently available plastic scintillators use a polystyrene as the matrix due to its 
high optical transparency, however, more efficient and inexpensive scintillators are needed for detection 
of radioactive materials in homeland security, nuclear forensics, and nuclear safeguards applications. 
Clemson University researchers have developed a new class of organic pyrozaline-based fluorophores 
with enhanced emission and luminosity in response to ionizing radiation. These compounds offer higher 
efficiency of plastic scintillators, reduced cost and fluorophore loading, and enhanced chemical and 
environmental stability. 

These synthesized fluorophore compounds show superior performance as plastic scintillators when 
dissolved in polystyrene or polyvinyltoluene matrices. Different optical and physical properties were 
tested to evaluate their efficiency in preparing bright plastic scintillating polymers for radiation detection 
and measurement. These included molar absorptivity, absorption and emission wavelengths and finally 
their quantum yield relative to a reference material. The compounds exhibit 3x high photoluminescence 
and 5x high luminosity in comparison to existing analogs. The effect of luminosity enhancement allows 
for significant reduction in fluorophore concentration in the plastic scintillator material without 
jeopardizing their properties. It also allows application of these fluorophores in neutron/gamma pulse 
shape discrimination materials at a reduced concentration in comparison to the existing composites. In 
addition, the chemical structure of the suggested fluorophores allows their functionalization for further 
covalent bounding to the matrix thus enhancing chemical and environmental stability of the scintillating 
material. 

NCS Link: http://curf.technologypublisher.com/technology/22879 
 

Potential Interest: Nuclear detection, homeland security 
 
Grant Information: Department of Defense HDTRA1-12-1-0012 
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48. Portable EPR Sensors (2012-053) 
 
This invention will be used to exploit electron-paramagnetic-resonance (EPR) as a new approach 
for rapid diagnostic tests (RDTS) of malaria. The idea is to use RF interference processes to 
boost EPR sensor sensitivity by more than 103 times for rapid characterization of malaria 
pigment hemzoin in a single parasitized red-blood-cell (RBC) in blood-plasma. 

The proposed idea is unconventional because (i) it is a resonator-less method that boosts EPR 
sensor sensitivity and time-resolution by orders of magnitude with liquid samples, (ii) it enables 
multi-frequency EPR scheme to significantly enhance EPR information contents, and (iii) EPR 
has not been used for malaria diagnostics. These EPR sensors are expected to be quantitative, 
accurate, portable, easy to operate, and rugged to deploy. Compared with current EPR 
spectrometer techniques, these EPR sensors are expected to be orders-of-magnitude more 
sensitive with sub-millisecond time-resolutions. Also, compared with the recent magneto-optic 
technology (MOT) detection approach, our quantitative method has single-cell sensitivity. 

NCS Link: http://curf.technologypublisher.com/technology/15513 
 

Potential Interest: DoD for water quality detection 
 
Grant Information: National Science Foundation ECCS-0925424 
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49. Ultrahydrophobic Self-cleaning materials and surfaces (05-017) 
 
Many materials – fibers, metals, synthetics and textiles – can have improved performance with 
the ability to repel water and contaminants. This technology provides a process for the 
modification of material exteriors by the addition of nano-sized or micro-sized particles to create 
the “lotus effect” – a surface that inhibits water penetration and contaminant adherence. This 
process includes grafting a hydrophobic material to the surface in order to decrease the surface 
energy and wettability. The combination of increased surface roughness and decreased surface 
energy provides an ultrahydrophobic self-cleaning surface on the treated substrate. 

Unlike many existing technologies, this invention can be applied to nearly any surface type. For 
fabrics, the application would be similar to current dye and finish methods without significantly 
altering the production process. Because the layer of particles is so thin, very little material is 
needed, keeping costs low. This technique also requires a reduced amount of fluorinated 
chemistry, which is better for environment. 

NCS Link: http://curf.technologypublisher.com/technology/6535 
 

Potential Interest: Past interest from Natick 
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50. Hydrothermal epitaxial growth of chromium q-switched YAG microlasers (2009-055) 
 
This alternative approach for growing thin film and co-doped crystals uses hydrothermal 
techniques that result in optimized crystal qualities, ideal for solid state laser applications. Solid 
state lasers are used in a wide variety of applications, including the defense, communication, and 
medical fields. This broad spectrum of uses and the consumer demand for lasers in low-power 
applications have contributed to a growth in the market, leading to a prediction of a market value 
of $850 million by 2020. Clemson University researchers created a crystal growth process ideal 
for solid-state laser applications in which a layer with controlled thickness of doped or undoped 
host material can be grown on a substrate which is also doped or undoped but with a slightly 
different composition. This allows for improved controlled thickness and composition of an 
activator region as well as laser pulses with high peak powers. 

This approach relates to the use of hydrothermal epitaxial growth for the mass production of 
crystals – specifically with two doping metal ions in the same region of the single crystal, 
namely a lasing ion and a Q-switch, so that each layer can perform an appropriate function 
related to lasing. The multifunctional layers combine to form a crystal suitable for use in a solid 
state microlaser cavity. Clemson University researchers focused on the hydrothermal growth of 
crystals on an yttrium aluminum garnet (YAG) or vanadate host. These substrate hosts typically 
contain one region doped with a suitable active lasing ion and another region that is undoped that 
can act as an endcap or substrate for contact to a heat sink. This improves thermal management 
due to inhibiting thermal lensing at high powers. Overall, the use of hydrothermal epitaxial 
methods to grow layers with controlled thickness and dopant concentration for use in lasers, thin 
film lasers, end caps, Q-switches, microlasers, and optical isolators is a substantial improvement 
in the solid state laser industry. The proposed approaches provide a number of advantages and 
improvements over a liquid phase epitaxy or optical bonding methods that are currently used, 
enabling a variety of inexpensive and higher performing lasing devices to be developed. 

NCS Link: http://curf.technologypublisher.com/technology/22008 

Potential Interest: Laser range finders 

Grant Information: FA9550-07-1-0566 
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51. Hydrothermal Growth of Thin Films on Single Crystals for Solid State Laser and 
Microlaser Applications (2010-051) 

This alternative approach for growing thin film and co-doped crystals uses hydrothermal 
techniques that result in optimized crystal qualities, ideal for solid state laser applications. Solid 
state lasers are used in a wide variety of applications, including the defense, communication, and 
medical fields. This broad spectrum of uses and the consumer demand for lasers in low-power 
applications have contributed to a growth in the market, leading to a prediction of a market value 
of $850 million by 2020. Clemson University researchers created a crystal growth process ideal 
for solid-state laser applications in which a layer with controlled thickness of doped or undoped 
host material can be grown on a substrate which is also doped or undoped but with a slightly 
different composition. This allows for improved controlled thickness and composition of an 
activator region as well as laser pulses with high peak powers. 

This approach relates to the use of hydrothermal epitaxial growth for the mass production of 
crystals – specifically with two doping metal ions in the same region of the single crystal, 
namely a lasing ion and a Q-switch, so that each layer can perform an appropriate function 
related to lasing. The multifunctional layers combine to form a crystal suitable for use in a solid 
state microlaser cavity. Clemson University researchers focused on the hydrothermal growth of 
crystals on an yttrium aluminum garnet (YAG) or vanadate host. These substrate hosts typically 
contain one region doped with a suitable active lasing ion and another region that is undoped that 
can act as an endcap or substrate for contact to a heat sink. This improves thermal management 
due to inhibiting thermal lensing at high powers. Overall, the use of hydrothermal epitaxial 
methods to grow layers with controlled thickness and dopant concentration for use in lasers, thin 
film lasers, end caps, Q-switches, microlasers, and optical isolators is a substantial improvement 
in the solid state laser industry. The proposed approaches provide a number of advantages and 
improvements over a liquid phase epitaxy or optical bonding methods that are currently used, 
enabling a variety of inexpensive and higher performing lasing devices to be developed. 

NCS Link: http://curf.technologypublisher.com/technology/22008 

Potential Interest: Silicon photonics 
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52. Internal Gradient Doping of Single Crystals Hosts with Lasing Ions (2011-063) 
 
This hydrothermal approach provides variation in the concentration of selected dopants within 
the host single crystal lattice, resulting in improved power and beam quality of solid state lasers. 
The global market for solid state lasers is projected to steadily increase, reaching $850 million by 
2020. This steady growth is primarily due to the demand for lasers with operational thresholds 
that can be reached at relatively low intensities of laser pumping. One way to achieve low 
intensities of laser pumping includes varying the laser ion dopant concentration. Existing 
practices of doing this, however, are cumbersome and infeasible. Clemson University researchers 
have developed a practical way to vary the dopant ion concentration within the laser crystals that 
ultimately improves the quality of high powered lasers by eliminating thermal defects. The 
hydrothermal approach will enable growth of laser crystals with greatly increased sophistication 
and optical efficiency, dramatically increasing the performance of solid-state lasers by achieving 
appropriate gradient doping. 

Clemson University researchers have developed a hydrothermal method to prepare single crystal 
oxide hosts doped with lasing ions. The dopant ion concentration in each layer can be increased 
or decreased as desired, producing a uniform single crystal with a controlled variation of dopant 
ion. A typical host crystal, such as YAG, can have a section of the crystal which is doped with 
an increasing or decreasing concentration of lasing ions such as Yb3+ or Nd3+. The gradient can 
range smoothly and gradually over a wide gradient from 0% to a large value such as 50% and 
then back to 0%. The gradient profile can occur anywhere inside the host, from the surface to the 
center of the host crystal. The overall resulting product is one high quality single crystal. This 
approach is very useful for laser applications that demand high power or exceptionally efficient 
performance because it eliminates many of the thermal effects that degrade the quality of the 
laser output beam. 

NCS Link: http://curf.technologypublisher.com/technology/22007 

Potential Interest: Silicon photonics 
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53. Hydrothermal growth of laser crystals with reduced amplified spontaneous emission 
(2011-108) 

This hydrothermal approach to growing single crystal oxide hosts resolves the issues posed by 
amplified spontaneous emission (ASE). ASE is the result of unwanted internal reflection of 
photons at the lasing frequency within the laser crystal. The consequences of ASE include 
induced emission of ions from the excited state and unwanted internal lasing in random 
directions. These effects take away the needed amount of power from the laser and severely 
inhibit the performance of the lasers. From an economic standpoint, the global market for solid 
state lasers is projected to steadily increase, reaching $850 million by 2020. This steady growth 
is primarily due to the demand for lasers with operational thresholds that can be reached at 
relatively low intensities of laser pumping. Clemson University researchers have developed a 
hydrothermal crystal growth process that minimizes ASE and its negative effects by growing 
layers of doped host crystals that contain absorbing ions. The approach results in improving the 
quality of high-power lasers and overall laser performance by minimizing or eliminating ASE. 

This approach to hydrothermal growth of single crystal oxide hosts reduces ASE and its resulting 
negative effects. Typically, a solid-state laser cavity contains a host material that is doped with a 
small amount of an activator ion. This specific approach creates single crystal oxide hosts doped 
with lasing ions containing layers of doped ions that suppress ASE. Clemson University 
researchers employed a method to grow layers of doped host crystal on the edges and faces of 
the laser crystal that contain absorbing ions that help eliminate the internally reflected photons. 
This ultimately minimizes ASE, resulting in improved laser performance and the potential for 
new products within the optics industry. 

NCS Link: http://curf.technologypublisher.com/technology/31248 

Potential Interest: Silicon photonics 
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54. A Signal Processing Method to Assess Dynamic System Similarity (07-047) 
 
This technology features a robust technique to detect dynamic similarity of two systems based on 
the statistical properties of their signals. The invention assesses the entire autocorrelation 
structure of a test and a reference signal series. This is achieved in three steps 1) the test and 
reference signals are subjected to similar pre-processing to guarantee statistical stationarity; 2) 
the multivariate periodograms or autocovariance functions are calculated for each series; 3) time- 
and frequency-domain signal discrimination test statistics are computed and assessed. Equality of 
the test and reference signals is rejected when the multivariate periodograms are too dissimilar 
and/or sample autocovariance function of the two signals differ greatly. 

NCS Link: http://curf.technologypublisher.com/technology/6467 

Potential Interest: Sensing 

Grant Information: 
 
National Science Foundation NSF-DMS-0529861 

Department of Energy DE-FC26-02NT41431 
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55. Method and apparatus for detecting resonances in an electrostatically driven 
cantilever (05-015) 

This resonance frequency detector is capable of detecting a wide variety of parameters affecting 
resonance through the use of a patented micro-cantilever. This detector modulates electric charge 
at varying frequencies on a counter electrode until it matches the induced frequency on a 
cantilever. Current resonance detection devices require piezoelectric or chemically functioned 
cantilevers or lasers. However, these methods require multiple components, are bulky, or have 
parasitic capacitance. Clemson University researchers have developed a method to detect 
chemical/biological species and measure parameters such as pressure and acceleration, magnetic 
force, temperature, and extremely small balances by observing the resonance changes between 
the cantilever and an electrode. This approach provides an electrical alternative with a simple 
handheld design, allowing for portability and addressing unmet needs of the market. 

 
This detector identifies and analyzes electrical signal in semi-conductive or conductive elements 
at resonance frequencies. The detection and analysis of an electric signal is performed based on 
movement between an element and a counter electrode influenced by a non-linear electric field 
produced by an electrical signal impressed between the element and counter electrode. Changes 
in the distance and environmental parameters between the element and the counter electrode may 
be monitored based on the changes in the value of the capacitance between the element and 
counter electrode. The method includes applying a signal to a counter electrode and thereby 
inducing an electrostatic force on a cantilever that is in a non-contact arrangement with 
electrode. This electrostatic force generates electric signal at the element. At resonance, this 
generated signal will contain not only the fundamental mode of the applied signal but will also 
contain harmonics of the generated signal. By observing the changes in the generated signal, 
chemical/biological species can be detected as well as monitor parameters that influence 
resonance. 

 
NCS Link: http://curf.technologypublisher.com/technology/22436 

 
Potential Interest: Sensing 

 
Grant Information: 
National Science Foundation 5710001580 
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56. Integrated additive manufacturing and laser processing techniques for ceramic,
glass and sinterable materials (2020-015)

This technology is for an advanced additive manufacturing technique which uses both additive 
manufacturing and laser processing. This type of processing can be used for the manufacturing 
of ceramic-based energy conversion devices such as solid oxide fuel cells, solid oxide 
electrolysis cells, and state battery and supercapacitors, among others. This technology is capable 
of printing thin layers ranging from 5-1000um. It is also able to create microchannel with a width 
less than 50um. The performance of protonic ceramic fuel cells and electrolysis has been 
demonstrated. 

NCS Link: http://curf.clemson.edu/technology/processing-technique-for-ceramic-based-energy-
conversion-and-storage-devices/

Potential Interest: Sensing 

Grant Information: Department of Energy DE-EE0008428 

http://curf.clemson.edu/technology/processing-technique-for-ceramic-based-energy-conversion-and-storage-devices/
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57. A Method for Determining the Complete Frequency-Dependent Electrode
Impedence Response from the high frequency impedence only (2019-021)

This technology can significantly reduce the time and data capture needed to determine the 
complete frequency-dependent electrochemical impedance response of an electrode. This 
addresses the problem of the inability or lengthy time required to capture the low frequency 
impedance response of an electrode system. This method uses heuristic knowledge of the 
impedance response of the electrode and circuit models to take the high frequency impedance 
and determine the low frequency impedance response. This lets different industries monitor the 
entire impedance behavior and corrosion response in near time. It also provides researchers with 
the ability to extend the range of frequencies that can be assessed for impedance measurement 
beyond those measurables. 

NCS Link: http://curf.clemson.edu/technology/a-rapid-method-for-determining-the-complete-
frequency-dependent-electrode-impedance-response/

Potential Interest: Sensing 

http://curf.clemson.edu/technology/a-rapid-method-for-determining-the-complete-frequency-dependent-electrode-impedance-response/
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58. Multi-laser based fast fabrication of nanocrystalline semiconducting metal oxide gas
sensors (2020-034)

This technology is a multi-laser-based process for fast fabrication of nanocrystalline 
semiconducting metal oxide gas sensors. The process is integrated with three laser processing 
technologies - circuit fabrication, transmitted ps laser deposition, and in situ post-annealing. This 
integrated process simplifies the procedures and improves the fabrication efficiency. This 
technology has the advantage of fast fabrication, precise deposition area control, and flexible 
materials properties control. 

NCS Link: http://curf.clemson.edu/technology/multi-laser-process-for-fast-fabrication-of-
nanocrystalline/

Potential Interest: Sensing 

http://curf.clemson.edu/technology/multi-laser-process-for-fast-fabrication-of-nanocrystalline/
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59. Coherence length gated microwave photonics interferometric system and method
(2020-038)

The proposed technology is a distributed sensing technique based on a coherence length gated 
microwave photonic interferometry (CMPI). This can be used to measure static and dynamic 
changes of physical, chemical, or biological properties. It includes an optical fiber with a series 
of weak reflectors and a CMPI. This allows for high measurement sensing, spatial continuous 
sensing, distributed sensing, and phase unwrapping via frequency chirping. 

The technology offers numerous advantages over those already on the market. It provides a high 
signal to noise ratio, high measurement resolution, coherence gating for distributed sensing, 
phase unwrapping using frequency chirping, and sub-scan rate dynamic measurement. 

NCS Link: http://curf.clemson.edu/technology/coherence-length-gated-microwave-photonics-
interferometric-cmpi-system-for-faster-signaling-processing/

Potential Interest: Sensing 

Grant Information: 2012436 and 2021662 

http://curf.clemson.edu/technology/coherence-length-gated-microwave-photonics-interferometric-cmpi-system-for-faster-signaling-processing/
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60. High resolution distributed sensor (2020-057)

There is a need for distributed fiber optic sensing systems with faster measurement rates and 
increasing spatial resolutions. This technology is fibers that can generate up to 100,000 times 
stronger Rayleigh scattering return than conventional fibers. This opens up the possibility for 
active, real time acoustic sensors for platforms such as airplanes, bridges, and buildings. 

NCS Link: Not Available 

Potential Interest: Sensing 
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61. Fast and continuously tunable orbital angular momentum system for higher order
Bessel Beams integrated in time (2019-013)

This is a novel technique for generating higher order Bessel beams integrated in time. It can 
include the use of an acousto-optic deflector in conjunction with log-polar transformation optics 
and provides for fast and continuous tuning of the orbital angular momentum topological charge 
number of the output beams. This has potential applications in classical and quantum optical 
communications, sensing, and in the study of beam propagation through turbulence. 

NCS Link: http://curf.clemson.edu/technology/tunable-system-for-generating-higher-order-
bessel-beams/

Potential Interest: Sensing, Underwater communication 

Grant Information: 
Office of Naval Research N00014-17-1-2779 
Office of Naval Research N00014-16-1-3090 

http://curf.clemson.edu/technology/tunable-system-for-generating-higher-order-bessel-beams/
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62. Multilayer porous waveguide sensors featuring high confinement factors and 
method for making the same (2018-009) 

 
This technology is a new porous nanomaterial waveguide design and fabrication protocol. It 
replaces the conventional strip waveguide with a multilayer rib waveguide design. This structure 
is capable of achieving almost 100% confinement factor while maintaining small mode area and 
single-mode character. The fabrication of the device is enabled by a simple inverse processing 
technique wherein silicon wafers are first patterned and etched through well-established 
techniques. This allows for flexibility to perform porous nanomaterial synthesis either at the 
wafer scale or at the chip scale. 

Potential Interest: Silicon Photonics 

Grant Information: 
National Science Foundation EEC-1560070 
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63. Deeply sub-wavelength all dielectric waveguide design and method for making the 
same (2019-022) 

 
This technology increases the energy output for optoelectronic applications by increasing the 
energy density in the longitudinal and transverse planes. This increasing of the efficacy of 
devices such as LIDAR, free-space communications, and optical manipulations. The global 
market for optoelectronics is growing at a CAGR of 18.3% from 2016 to 2023. The growth in 
this market is driven from the high demand for bandwidth and current power constraints. This 
invention would increase power output and bandwidth all while lowering the necessary power 
needed. 

This technology has two features that enhance the energy densities of optical wavelengths in 
both the longitudinal and transverse dimensions. The inventors introduce a new pathway for 
enhancing optical confinement in the longitudinal dimension of a waveguide using “Periodic 
Spatial Refocusing” (PSR). This unique approach can achieve extreme light confinement and 
ultra-high energy densities. The transverse dimension achieves higher density using a bridged V- 
groove waveguide which enhances the signal. When these two methods are combined it is 
possible to achieve 1000x energy scaling. 

NCS Link: http://curf.technologypublisher.com/technology/39485 

Potential Interest: Silicon photonics 



67 
Selected CURF Technologies 

 

64. Method and apparatus for non-destructive measurement of faceguard structure 
stiffness (2018-031) 

The primary novelty of this technology is that it is a method of testing the stiffness of football 
helmets without removing the faceguard while simultaneously not damaging the helmet 
irreparably. Due to media coverage, head-based injuries have received national attention 
particularly in football over the past decade. As such, it is important to ensure that the protective 
equipment that the players use is safe and effective in order to prevent long-term brain damage. 
There are several other methods for testing a helmet’s durability or stiffness such as linear drop 
tests, pendulum, and pneumatic ram, but these procedures either do not keep the faceguards for 
the testing or they render the helmet unusable after the testing. The market for athletic 
equipment manufacturing was $17.6 in 2014 and is expected to be $21.8 billion by 2020 with a 
CAGR of 3.6% during this time. As previously stated, current testing procedures typically do 
not involve keeping the faceguard on the helmet during a test. This method of stiffness testing is 
inefficient because it does not accurately simulate the environment the helmet will be used in. 
Another problem with current testing methods is that the majority of helmet stiffness testing 
procedures involve damaging the helmet to a point such that it will not be able to be used after it 
has been tested. This is not only inefficient from a resources perspective, but it also prevents 
further data points from being recovered for further stiffness testing. 

The technology proposes fastening the two proximal ends of the faceguard to two ball-bearing 
platforms. This allows the testing procedure to have two degrees of freedom in transitional 
movement, specifically in the x and y direction and to have one degree of freedom in rotational 
movement, specifically the z direction. The faceguard is also bent in such a way such that it 
simulates how the guard would be fastened to the helmet. For the actual stress test, a 6-inch 
diameter plunger is used at a rate of 3.94 in./min. The full extent of deformation of the described 
method is 5 mm. All these aspects of the procedure are either in conformity or have negligible 
differences with the standards outlined by National Operating Committee on Standards for 
Athletic Equipment (NOCSAE), which is the regulatory committee associated with football 
helmets. 

Potential Interest: US Army, Natick 
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65. Embroidery for precision control of tensile material properties of textiles (2018-040) 

Computer-controlled embroidery algorithms allow for custom design and control properties of 
fabrics and woven materials. Embroidery changes the mechanical properties of fabrics, 
depending on the strength, orientation, and distribution of stitches. The production of fabrics 
with multiple, distinct properties traditionally requires the assembly of layers of different 
materials through seaming. As a result, production can only be done at a small scale. Clemson 
University researchers have developed a computational fabrication system that allows for the 
customization of material properties of fabrics at a larger scale. By utilizing a novel path 
planning algorithm, the system creates a stitch design that, when added to the fabric, changes the 
stiffness of the material based on the design needs. This customization can be used to produce 
custom seating, footwear, and smart clothing. 

The use of computer-controlled embroidery allows for the customization of the tensile and 
material properties of fabrics. This technology utilizes a novel path planning algorithm that 
generates a stitching design that controls the textile’s local stiffness. The stitch planning problem 
used is comparable to the coverage planning in robotics, or the Travelling Salesmen problem, 
and creates a stitch layout using a series of variable stiffness embroidery blocks (EB). For a finer 
resolution, stiffness is controlled at the stich-level (SL) through density maps, path planning, and 
stitch density. Computational fabrication allows for the scalable production of customized fabrics 
for shoe insoles, bedding, wheelchairs, and clothing. 

NCS Link: http://curf.technologypublisher.com/technology/37434 

Potential Interest: US Army, Natick 

Grant Information: NSF CHS-172297; NSF OIA-1655740 
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66. Hydrothermal Growth of New Rhombohedral Single Crystals with the Formula 
MBe2NO3F2 (where M=Rb and Cs) RBBF and CBBF, for use in Visible and 
Ultraviolet Lasers and Non-Linear Applications and Devices (2006-009) 

This crystal growth approach utilizes hydrothermal growth to produce high quality, single 
crystals of sufficient size for use in ultraviolet solid-state lasers. There is an increasing demand 
for higher performance materials that can be used in solid state lasers. The desired materials, 
however, must be high quality single crystals large enough and capable of being cut, shaped, 
and polished appropriately for use in solid-state optical lasers. Clemson University researchers 
have developed a general hydrothermal crystal growth process that produces crystals in a low 
temperature under pressure. Ultimately, this crystal manufacturing approach allows an 
economically feasible way to mass produce quality, acentric crystals that are suitable for deep, 
ultraviolet laser applications. 

This invention showcases the use of hydrothermal crystal growth to produce rhombohedral 
fluoroberyllium borate crystals having the formula MBe2BO3F2 (MBBF) wherein M is Rb, Cs, 
or Tl. The crystal growth process is a low temperature method in which the crystals are being 
grown in an aqueous solution containing fluoride ions at a temperature generally within the range 
of 350oC-600° C under pressure. In this specific crystal growth process, the crystals are grown 
in the rhombohedral space group, R32. Clemson University researchers first used this approach 
to create rhombohedral potassium fluoroberyllium borate (KBBF) crystals. However, due to the 
limitations that arise from KBBF crystals, the inventors began to use Rb, Cs, and Tl metals 
versus potassium. As a result, this hydrothermal crystal growth approach allows for the mass 
production of much harder, higher quality crystals for optical laser applications. 

 
NCS Link: http://curf.technologypublisher.com/technology/22005 

Potential Interest: UV Lasers 
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67. Hydrothermal Growth of Rhombohedral Potassium Fluoroberyllium Borate 
Crystals for Use in Laser and Non-Linear Optical Applications and Devices (2005- 
027) 

This crystal growth approach utilizes hydrothermal growth to produce high quality, single 
crystals of sufficient size for use in ultraviolet solid-state lasers. There is an increasing demand 
for higher performance materials that can be used in solid state lasers. The desired materials, 
however, must be high quality single crystals large enough and capable of being cut, shaped, 
and polished appropriately for use in solid-state optical lasers. Clemson University researchers 
have developed a general hydrothermal crystal growth process that produces crystals in a low 
temperature under pressure. Ultimately, this crystal manufacturing approach allows an 
economically feasible way to mass produce quality, acentric crystals that are suitable for deep, 
ultraviolet laser applications. 

This invention showcases the use of hydrothermal crystal growth to produce rhombohedral 
fluoroberyllium borate crystals having the formula MBe2BO3F2 (MBBF) wherein M is Rb, Cs, 
or Tl. The crystal growth process is a low temperature method in which the crystals are being 
grown in an aqueous solution containing fluoride ions at a temperature generally within the range 
of 350oC-600° C under pressure. In this specific crystal growth process, the crystals are grown 
in the rhombohedral space group, R32. Clemson University researchers first used this approach 
to create rhombohedral potassium fluoroberyllium borate (KBBF) crystals. However, due to the 
limitations that arise from KBBF crystals, the inventors began to use Rb, Cs, and Tl metals 
versus potassium. As a result, this hydrothermal crystal growth approach allows for the mass 
production of much harder, higher quality crystals for optical laser applications. 

NCS Link: http://curf.technologypublisher.com/technology/22005 

Potential Interest: UV Lasers 

Grant Information: NSF DMR0305377 
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68. Functionalized Biodegradable polymers to neutralize complex mixtures of organic 
compounds from environmental sources (2013-054) 

This innovation is the process of using poly(lactic) (PLA) particles equipped with appropriate 
functional groups that allow the complex to effectively sequester specific pollutants via chemical 
reactions. This technology’s ability to address complex mixtures of contaminants utilizing an 
environmentally safe method results in odor absorbing applications, including direct application 
on odor sources, air filtration, VOC capture, and odor absorbing coatings and paintings. 
Traditional odor and pollutant elimination methods use toxic material platforms for non-specific 
reactivity and nondisposable resources. However, Clemson University researchers developed a 
method to create environmentally friendly, disposable PLA particles decorated with tunable 
functional groups. These functional groups can be effectively varied in order to successfully 
allow the complex to react and degrade a variety of pollutants. This technology could benefit 
companies involved with but not limited to water and air treatment, protective coatings, 
industrial coatings, plaster and dry wall materials, paint coatings, and advanced material 
additives. 

This patent pending technology is a method of modular formulation of biodegradable, non-toxic 
poly(lactic acid) (PLA) materials with surface-decorated nucleophiles/oxidants for the capture of 
environmental pollutants and/or toxins. The process involves using PLA particles equipped with 
the appropriate functionality to react and neutralize aqueous and gaseous pollutants. The surface 
of the PLA particles, decorated with various functional groups, allows the complex to react and 
degrade a variety of pollutant classes. The functional groups can be varied to ensure 
complementary reactivity with different pollutants and successful sequestering via chemical 
reactions. The technology has been successfully tested into rendering plant sites for capturing 
malodorous gases. The manufacturing process to scale up the production of the technology has 
been demonstrated. 

 
NCS Link: http://curf.technologypublisher.com/technology/22040 
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69. Use of Microwave energy to affect changes in chemical functionality of nylon 
surfaces (2016-042) 

These modified nylon-6 capillary-channeled polymer (C-CP) fibers exhibit greater chemical 
versatility and higher binding capacity without compromising the physical structure that provides 
very high throughput and yield in analytical protein separations and downstream processing in 
comparison to conventional phases. This modification uses microwave-assisted grafting 
polymerization to enhance the nylon-6 C-CP fibers for use as chromatographic stationary phases. 
Protein purification, which includes ion-exchange chromatography, is a growing market 
expected to reach $6,370 million by 2020. Due to its lower degree of hydrophobicity than 
polypropylene and polyester, nylon-6 C-CP fibers are of great interest for use in hydrophobic 
interaction chromatography and mixed-mode stationary phases for protein separations. However, 
when researchers attempt standard nylon surface modifications, they find it causes structural 
damage, compromising the fibers. Clemson University researchers have developed a microwave- 
assisted modification to enhance nylon-6 C-CP fibers without compromising the fiber structure. 
The modified fibers demonstrate greater chemical versatility and higher binding capacities 
without sacrificing the highly efficient hydrodynamic transport properties of C-CP fiber 
columns. 

Clemson University researchers have modified nylon-6 C-CP fibers with sulfonic acid by a 
microwave-assisted grafting polymerization of 2-acrylamido-2-methylpropanesulfonic acid 
(AMPS) to yield a strong cation exchange (SCX) phase for protein separations. The same 
chemistry, using acrylic acid, provides for a high-density weak cation exchange (WCX) surface. 
The combined use of simple vinyl group chemistry in a microwave oven affords much greater 
binding capacity, while imparting the vital ability to affect ion exchange separations in a cost- 
effective manner. The large number of commercially available vinyl monomers makes the 
microwave-assisted grafting polymerization a very versatile, but simple method to offer nylon C- 
CP fibers different types of surface chemistry. This microwave-assisted grafting polymerization 
holds promise for creation of phases for both analytical and preparative scale separations, with 
the promise of further diversification of the potential C-CP fiber surface modalities. 

NCS Link: http://curf.technologypublisher.com/technology/22658 
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70. Processing Technique for Ceramic- based Energy Conversion and Storage Devices 
(2020-015) 

Clemson University inventors have created a novel manufacturing technique, with integrated 
additive manufacturing and laser processing to reduce the costs of ceramic-based conversion 
and storage devices. The global additive manufacturing market was valued at $7.97 billion in 
2018 and is expected to grow at a CAGR of 14.4% to a value of $23.33 billion by 2026. This 
unique process would not only cause the cost of energy storage to go down but will also 
decrease energy distribution costs and consumption prices. 

 
This technique has integrated additive manufacturing and laser processing (e.g., laser 
sintering, laser melting, laser cutting, and laser polishing, etc.) for the rapid and cost-effective 
manufacturing of ceramic-based energy conversion devices such solid oxide fuel cells, solid 
oxide electrolysis cells, solid oxide membrane reactors, solid state battery, solid state 
supercapacitors, solid oxide photoelectrochemical cells, microchannel heat exchanger, etc. 
The additive manufacturing based microextrusion, modified microextrusion by Dr. blade 
smoothing, spray coating, and inkjet printing allow the manufacturing of thin layers with 
thickness from 5-1000μm. The versatile geometries of tubes, cylinder, rings, lobed-tube, 
cones, etc. have been successfully printed. Combined with laser cutting, more precise 
complex shapes can also be fabricated. The laser processing can make the fully dense 
membrane, highly porous membrane from cost-effective raw materials of carbonates and 
oxides, etc. The proper sintering additives are the critical factor for achieving crack-free 
large-area parts by rapid laser sintering. The laser cutting of the green layers was developed, 
which allows to build up microchannel with a width less than 50μm. The laser process also 
allows the manufacturing of half-cell (porous electrode supported with dense electrolyte) and 
single cells (two porous electrodes with dense electrolyte in between). 

 
NCS Link: http://curf.clemson.edu/technology/processing-technique-for-ceramic-based- 
energy-conversion-and-storage-devices/ 
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71. Process for Fabricating Hollow-Porous Silicon Nano-Quills (2020-033)

Clemson University researchers have developed a two-step process for the synthesis of 
hollow-porous silicon nanostructured materials. First, interconnected silica particles, called 
silica nano-quills (SilicaNQs), are synthesized through a low-cost and scalable method. 
SilicaNQs feature several hollow arms with a range of diameter, length, wall thickness and 
porosity. 1D templates are used to fabricate SilicaNQs with various lengths and sizes. Later, 
silicaNQs are converted into a pure Si structure, called silicon nano-quills (SiNQs). 

Porous Si-based nanomaterials (including elemental Si and silica nanoparticles) can be used 
in multiple research applications. Currently, they are used in battery anode structures, 
controlled release of pesticides, and were revealed to be biocompatible and biodegradable. 
That makes Si-based nanomaterials a prime material to use in biomedical applications such 
as drug delivery. This technology uses amounts of one or more types of 1D templates are 
dispersed in aqueous solution with appropriate pH level by means of ultrasonication and/or 
magnetic stirring methods. Due to high aspect ratio, templates tend to aggregate in aqueous 
solution and create a unique 3D network/bundle. The characteristics of silica layer is 
controlled by controlling the composition and amount of silica precursor, composition of 
chemicals/solvents in aqueous solution, pH level of solution, and duration of silica growth 
process. Pores can be generated in silica using Porogen materials. Porogen can be any kind of 
moieties in silica structure that can be removed and create pores. In the second step, template 
particles and Porogen materials are removed by means of heating and/or chemical etching. 
This results in the formation of star-shaped hollow-porous silica particles. Third, silica is 
converted into Si using a Magnesiothermic reduction method. In this process, silica particles 
and magnesium (Mg) powder are mixed with certain silica:Mg weight ratio and heated at a 
certain temperature inside a sealed stainless steel reactor. After completion of reduction 
process and removing by-products and unreacted silica, flower-like hollow-porous Si 
particles (called Si flowers, SiFs) are achieved. SiFs can be used in a variety of applications. 
This includes the use of SiFs in fabrication of anodes in lithium-ion batteries for high 
capacity and good cycling stability. SiFs can also be used in solar cells for improved light 
absorption. Also, SiFs can be candidates for light-emitting devices. Owing to the hollow 
structure and high porosity, SiFs can be utilized as medicine carriers in cancer therapy, 
biomedicine, and drug delivery applications. In addition, SiFs can be employed as carrying 
agent for a variety of fertilizers, pesticides, and herbicides to improve crops for sustainable 
agriculture. 

NCS Link: http://curf.clemson.edu/technology/process-for-fabricating-hollow-porous- 
silicon-nano-quills/ 
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72. Multi-laser Process for Fast Fabrication of Nanocrystalline (2020-034)

Semiconducting metal oxide (SMO) gas sensors have been developed for a wide range of 
applications such as safety monitoring, environmental sensing and medical diagnostics. 
Typically, these sensors are operated by measuring the resistance of the SMO, which changes as 
a result of the surface reactions of the material with the target gas at an elevated 
temperature. 1D nanocrystalline SMO has shown great gas sensing response since their 
microstructure can facilitate these surface reactions. As such, nanocrystalline SMO gas 
sensors are desired for gas monitoring. However, the fabrication of the nanocrystalline SMO gas 
sensors is still an issue to be improved. The procedures of the existing processes, 
such as thermal evaporation, hydrothermal synthesis and pulsed laser deposition (PLD), are 
complicated and time-consuming. In addition, the deposition area of the nanocrystalline 
SMO layer cannot be precisely controlled in these methods which limit them to fabricate high- 
density sensor arrays. Clemson University researchers have developed a multi-laser process for 
the fast fabrication of nanocrystalline SMO gas sensors that integrates three laser processing 
technologies: circuit fabrication, SMO deposition and in situ post-annealing. 

This technology utilizes three fabrication steps to directly deliver the sensors, including circuit 
fabrication, SMO deposition and in situ post-annealing. The integrated process much simplifies 
the procedures and improves the fabrication efficiency. The designed transmitted ps laser 
deposition realizes a close target-to-substrate distance and vertical laser ablation to the target, 
resulting in precise area control on the deposition layer. In addition, since the ps laser can 
process the materials without thermalization effect, SMO nanonetwork is obtained by direct laser 
ablation. The obtained SMO layer is in situ post-annealed by the CO2 laser to improve the 
crystallinity for the activation of gas sensing capability. The laser heats the glass substrate from 
the backside, which homogeneously heats the materials and well protect the nanostructure from 
damaging by the intense laser beam. The crystallinity can be flexibly fine-tuned by adjusting the 
laser power density. 

NCS Link: http://curf.clemson.edu/technology/multi-laser-process-for-fast-fabrication-of- 
nanocrystalline/ 
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