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      The Center for Superconducting and Magnetic Materials (CSMM), founded at OSU in 1995, has its strongest emphasis on superconducting materials, including their formation and structure as well as their magnetic and electrical properties. CSMM has research programs in various aspects of superconducting materials, including MgB2, Nb3Sn, and YBCO. Phase formation, reactions, diffusion, and microstructure are studied in MgB2 and Nb3Sn, as well as transport, magnetic, and flux pinning. Its activities embody a wide range of Materials Science as well as Engineering topics. Those presently under investigation include: high-pressure/high-temperature study of the Mg-B phase diagram, phase evolution and A15 Nb3Sn formation within the ternary Nb-Sn-Cu diagram, microstructure and critical current density optimization in MgB2 and Nb3Sn superconducting wires, formation and properties (microstructural, electrical, and magnetic) of films formed by pulsed laser deposition, electropolishing characteristics of niobium for superconducting RF (SRF) cavities, and bulge testing of niobium tube in support of a program for hydroforming SRF cavity strings.
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            About Us 



E.W. Collings (Director), M.D. Sumption (Associate Director)


The Center for Superconducting and Magnetic Materials (CSMM) has its strongest emphasis on superconducting materials, including their formation and structure as well as their magnetic and electrical properties. CSMM has research programs in various aspects of superconducting materials, including MgB2, Nb3Sn, and YBCO. Phase formation, reactions, diffusion, and microstructure are studied in MgB2 and Nb3Sn, as well as transport, magnetic, and flux pinning. Its activities embody a wide range of Materials Science as well as Engineering topics. Those presently under investigation include: high-pressure/high-temperature study of the Mg-B phase diagram, phase evolution and A15 Nb3Sn formation within the ternary Nb-Sn-Cu diagram, microstructure and critical current density optimization in MgB2 and Nb3Sn superconducting wires, formation and properties (microstructural, electrical, and magnetic) of films formed by pulsed laser deposition, electropolishing characteristics of niobium for superconducting RF (SRF) cavities, and bulge testing of niobium tube in support of a program for hydroforming SRF cavity strings.


Relationship and Connection to Energy Related Topics: Superconducting AC power transmission lines have been pursued by the DOE over the last 10 years (YBCO is the material of interest here), but more recently the focus has moved to either large scale DC links, or to more localized systems, such as fault current limiters. Fault current limiters could be deployed to reduce faults within the US power grid, and also to reduce costs associated with substation upgrades. A push for offshore wind turbine generators has made superconducting based wind turbine generators of interest because of full cost of ownership issues (mostly the cost of the tower and the installation costs). Here YBCO and also MgB2 are strong contenders. Superconducting magnetic energy storage has recently been of interest to ARPA-E, with an emphasis on very high field structures, 30 MJ size. Tokomak fusion machines employ superconductors to contain the plasma. Presently Nb3Sn is used for this, but there is strong interest in MgB2 and YBCO. CSMM presently has programs in fault current limiters, SMES, and fusion conductors, and is actively pursuing programs in wind turbine generators.


Experimental facilities: Within CSMM itself, extensive cryogenic, electrical transport, and magnetic measurement facilities are in use. Part of the Center for Superconducting and Magnetic Materials is the Superconducting Technology Center (SuTC). This center has the aim of encouraging the development of superconducting technology with local (Ohio) and other companies for the development of local high technology industries. As part of the efforts of this center, larger scale testing facilities are available. Conductor development, persistent joint development, and superconducting magnets for Magnetic Resonance Imaging and other specialty applications are being co-developed with local industry.
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CSMM QUICK FACTS


	Founded in 1995
	Focuses on applied superconductivity

MATERIALS STUDIED


	MgB2
	Nb3Sn
	YBCO
	BSSCO-2212
	Oxypnictides
	Carbon Nanotubes

APPLICATIONS


	Magnets for fusion (ITER tokamak)
	Particle accelerators (Large Hadron Collider)
	Magnets for MRI and NMR machines
	Transmission cables
	Fault-current limiters
	Energy storage
	Wind turbine generators
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            Facilities


Within CSMM itself, extensive cryogenic, electrical transport, and magnetic measurement facilities are in use. Part of the Center for Superconducting and Magnetic Materials is the Superconducting Technology Center (SuTC). This center has the aim of encouraging the development of superconducting technology with local (Ohio) and other companies for the development of local high technology industries. As part of the efforts of this center, larger scale testing facilities are available. Conductor development, persistent joint development, and superconducting magnets for Magnetic Resonance Imaging and other specialty applications are being co-developed with local industry. 


 


PPMS With Helium Reliquification: A Quantum Design PPMS allows not only (a) VSM measurements from 4 K to room temperature in fields up to 14 T but (b) heat capacity (c) AC and DC susceptibility (d) AC transport and (e) thermal conductivity. The helium reliquifier attached allows us to minimize helium usage, an important cost control.


Neocera PLD: Neocera Pioneer 180 Complete PLD Laboratory, Includes: Lambda Physik COMPex Pro 102 Laser. 18" spherical vacuum chamber, Automated Six target carrousel with computer controlled, target rastering, 2" radiant substrate heater package with substrate rotation, oxygen compatible, Auto-tuning temperature controller, maximum temperature at substrate: 850C - 150 l/s or better turbopump package, base pressure: <9E-07 torr.


Magnetization Measurement: Magnetization may be measured by vibrating sample magnetometry (VSM) in three test stands other than the PPMS. Low Field VSM-I, a LDJ Model 9300 instrument with a 1 T iron-core electromagnet. Low Field VSM-II consisting of a PAR EG&G Model 4500 VSM associated with Janis Varitemp dewars (both liquid helium and liquid nitrogen) and an iron-core electromagnet energized to 1.5 T1.7 T by a Tidewater 65A power supply. High Field VSM also consisting of a PAR EG&G Model 4500 VSM associated with an Oxford cryostat housing a 6.4 cm (cold bore) 9 T superconducting solenoid.


Cryogen Free Magnet for Small Scale Transport Measurements: Room Temperature Bore Cryocooled Magnet. This cryocooled magnet with a field of 9 T in a 60 mm diameter room temperature bore of is be capable of accepting a furnace for magnetic field processing or a varitemp (presently on hand) for property measurement as function of field and temperature.


Heat Treatment Stations: A number of furnaces are available, both lower temperature range (800-900C) and higher temperature 1250 C are used, either with flowing argon, open air, or flowing oxygen.


Powder Processing Stations: Spex mills, a glove box, and encapsulation rigs are used for fabricating of new superconducting compounds.


High Temperature/High Pressure Induction Furnace: A high temperature (2200C) and moderate pressure (1500 psi) furnace which uses RF induction is used to study the phase diagram of superconducting materials.


High Field Magnet Set Up For Transport Property Measurement: High-Current High-Field Jc Measurement is carried out with currents of up to 1,700 A provided by a stack of three HP6681A (0- 8V, 0-580A) power supplies in the field of an Oxford hybrid NbTi/Nb3Sn solenoid excited by an Oxford Model PS120-10 magnet power supply. The maximum field available is 15 T at 4.2 K and 17 T at 2.2 K. We are using a high-current probe with a soldered ITER barrel mounting procedure and with monitored contact resistances. Temperature dependent Jc is measured at currents of up to 220 A in an exchange gas can inserted in the bore of the above Oxford solenoid. Resistive Critical Field (Hirr and Hc2) measurements are made at currents of about 10 mA in a dedicated exchange-gas can also able to be located in the bore of the Oxford solenoid. All instruments are under computer control with programs written in LabView.


Large Capacity Cryocooled Cryostat: Multi-purpose for testing large coils (4 ‘ diameter x 2’ deep), fault current limiter coils, or other coils/systems. Includes Large cryocooled box, two cryocoolers, Large power Supply, Roots Blower, smaller power supplies, nanovoltmeters and instrumentation, specially designed software.


Quench Measurement Station: This system consists of a A/D board connected to input amplifiers, read by a computer using Labview and associated software. There are sixteen input channels, each with a 16 bit resolution (full scale is divided in 65536 steps) on the A/D board, +/-5V full scale (when used with input amplifiers). The input amplifiers have a gain that can be set from 1 to 2000, giving an input resolution of 10V/2000/65536=~0.076microV, or about 80 nV. The response time is limited only by the 10kHz filter at input of amplifier, leading to a time resolution of 0.5 milliseconds. Presently there are two separate input amplifiers each serving 8 channels.


Transport Measurements of the Self-Field Critical Current of Large Devices: Available for the measurement of self-field critical current in large coils can is a large open-mouth dewar from Cryofab Inc. This has an inside diameter of 25 in (635 mm) and a working height (below a 18 in, 460 mm, thick plug) of 35 in ((890 mm). Measurements are made as function of temperature above 4 K as the internal structures slowly warm up. Self-field is monitored with a Hall probe.


AC Loss Measurement: Two test stands are housed in a laboratory dedicated to AC loss measurement. Self-Field (Transport-Current) Loss due to AC currents of up to 150 A (peak) at frequencies of up to 500 Hz is measured at 77 K (liquid nitrogen). A lock-up amplifier measures the voltage of the sample in-phase with transport current. External-Field AC Loss is measured in the applied fields of copper wound solenoids and race-track coils of various sizes. A system of pick-up coils connected to a digital oscilloscope records the samples' M-H loops whose areas provide a measurement of the loss per cycle.


Modelling Capabilities: CSMM’s modeling capabilities include high performance computing access to OSU’s supercomputer if needed, and a strong array of FEM software on local machines, including AYNSIS, FEMLAB, Flux 3D, and Flex PDE.
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            Collaborations


CSMM has ongoing interactions with many university and national laboratories, both here and abroad, as well as with a number of industrial partners.  


A longstanding collaboration is in place with the low temperature group of the University of Twente, Netherlands (15 years – AC loss in cables). A similarly long collaboration is ongoing with Berkeley National Laboratory (15+ years – AC loss in cables). Interactions (15 years) with S.X. Dou from the materials department at the University of Wollongong, Australia have included Bi2223, and MgB2 as topics. Also, there has been a strong collaboration with the Wright Patterson based AFRL group working on superconducting materials (PLD YBCO, 6 years).


Recently initiated collaborations include; Fermilab (3 years – cable stability), the University of Manchester, UK (S. Smith, EE, Fault current limiters), and the Physics Department of the Southeast University of China (Pnictides).


Past collaborations have included: U. Pittsburgh (USA-Bi-materials), University of Houston (USA-YBC), CSIRO (Australia-thin films), KEK National Laboratory for High Energy Physics (Japan-AC loss in cables), NIST (USA-LTSC, VAMAS standards), Argonne (USA-BSCCO), NRIM (Japan-VAMAS round robins and Nb3Al processing), the Electrotechnical Institute (Bratislava, Slovakia – Synergistic pinning effects), Yamaguchi University (Japan-Nb3Al studies), the Tsukuba Magnet Laboratory (Japan – Nb3Al), and the Atom-Institute (Austria – Nb3Al and MgB2).


Industrial collaborators have included: IGC-Advanced Superconductors (USA-BSCCO, Nb3Al, Nb3Sn, NbTi, NbTiTa), Plastronics (USA-BSCCO), Supercon (USA-Nb3Al), Microcoating Technology (USA-Bi-materials and coatings), Oxford Superconductors (USA -- Bi-materials and coatings) Innovare (USA-Nb3Al), Ceram Physics (YBCO), Supergenics (Nb3Sn), Supramagnetics (Nb3Sn and Bi-2212), Seimens, Rolls Royce (Fault current limiters).


There has been a particularly strong and effective collaboration with the locally based Hyper Tech Research (USA – Nb3Al, Nb3Sn) (OSU was associated with its start up). Other local companies include Global R&D, M2M imaging, and Eden Cryogenics. 
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            Interdisciplinary Activities


CSMM is involved in a number of interdisciplinary activities. First, within MSE, we are working on a program funded by a DOE grant on SRF Accelerating Structures, in this case focusing on electropolishing of Nb surfaces. Also, CSMM is a part of the IRG-2 collaboration (operating under the Center for Emergent Materials (CEM)) which focuses on double perovskite interfaces and heterostructures, the CSMM group has contributed to the fabrication and characterization of double perovskites. Efforts have focused mainly on the creation of double perovskites and potential buffer layers for these spintronic materials.


CSMM is also working with a group in the ME department on a program to perform hydraulic bulge testing on tubes of pure Nb as part of a program to develop seamless hydroformed superconducting RF cavities for the International linear Collider. Also within the ME department, CSMM is working with the group at OSU’s reactor to look at the radiation tolerance of various new superconducting materials (MgB2 and YBCO) for possible use in future fusion reactors (e.g., for the ARIES concept, or similar new ideas).
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            Funding


We utilize a mixture of individual federal, state, and industrial grants, contracts, and programs.


Major Funding sources: DOE, NIH, ODOD, Air Force, Navy, NASA, and industry.


Average annual research expenditures: Approximately $700,000


Presently, the best funding opportunities in the future are federal, notably DOE and ARPA-E, but also other federal agencies. Commercial collaborations are also important opportunities.  As the most important federal opportunities are expected to be multidisciplinary in nature, we are investigating internal and external team building. 
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AC Loss Studies







                  [image: Figure 1. External field AC loss rig (left), solenoid primary (middle) and pick-up coil assembly (right).]




        
  


      
  

Figure 1. External field AC loss rig (left), solenoid primary (middle) and pick-up coil assembly (right).




                  [image: Figure 2. Racetrack coil (top) racetrack pickup assembly (bottom) and coil for dynamic resistance measurements (right).]




        
  


      
  

Figure 2. Racetrack coil (top) racetrack pickup assembly (bottom) and coil for dynamic resistance measurements (right).AC loss measurements are important for superconductors to be used in power transmission lines or other parts of the energy grid (transformers, fault current limiters, motors, generators, etc). Additionally, various mission agencies are interested in higher frequency AC loss performance of superconductors. We have focused our loss measurements on two materials, YBCO and MgB2. Shown in Figure 1 is the external loss rig, capable of 200 Hz and 150 mT. We have also developed a racetrack coil and a coil with in plane access for related external field loss measurements (Figure 2).







                  [image: Figure 3. AC loss of YBCO samples with different amounts of Cu stabilizer. [Click to expand]]




        
  


      
  

Figure 3. AC loss of YBCO samples with different amounts of Cu stabilizer. [Click to expand]




                  [image: Figure 4. AC loss of YBCO samples with forty striations. [Click to expand]]




        
  


      
  

Figure 4. AC loss of YBCO samples with forty striations. [Click to expand]
Stability Studies







                  [image: Figure 5. AC losses of MgB2 samples by various techniques. [Click to expand]]




        
  


      
  

Figure 5. AC losses of MgB2 samples by various techniques. [Click to expand]




                  [image: Figure 6. A YBCO coil would for NZP and thermal propagation measurements, instrumented with voltage taps and thermocouples, ready for measurement (coil made by Hyper Tech).]




        
  


      
  

Figure 6. A YBCO coil would for NZP and thermal propagation measurements, instrumented with voltage taps and thermocouples, ready for measurement (coil made by Hyper Tech).Stability is also a crucial matter for superconductors. For YBCO and MgB2, the normal zone propagation is slower than for NbTi and Nb3Sn, YBCO has a particularly low NZP. We have studied the values for radial and tangential NZP using a YBCO coil. In addition, high thermal conductivity insulation was used, in an attempt to increase radial NZP. One of the coils measured is shown in Figure 6, instrumented with voltage taps and thermocouples.


These studies were supported by the AFOSR under various programs, and by the Navy.


 


 


 


 


 







                  [image: Figure 7. Quench propagation results for YBCO coil showing clear radial propagation. [Click to expand]]




        
  


      
   







                  [image: Figure 8. Summary of quench propagation results for YBCO coil. [Click to expand]]




        
  


      
  

Figure 8. Summary of quench propagation results for YBCO coil. [Click to expand] 
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            Coils and Cables


The CSMM is involved in the measurement of losses and the associated contact resistances in Nb3Sn cables. A typical Rutherford type Nb3Sn cable is shown in Figure 1 (in cross section). Here we see individual Nb3Sn strands (about 0.7 microns across) in a flat cable geometry with a stainless steel separator. Figure 2 shows the samples being mounted in a reaction fixture. Such samples are obtained via collaboration either with LBNL’s Superconducting Magnet group or in collaboration with Fermilab.


 







                  [image: Fig. 1. Nb3Sn 20 kA cable under study for AC loss and Stability]




        
  


      
  

Fig. 1. Nb3Sn 20 kA cable under study for AC loss and Stability





                  [image: Fig. 2. Cable HT and pressurization Fixture]




        
  


      
  

Fig. 2. Cable HT and pressurization Fixture
The samples are then pressurized and reacted (FNAL or LBNL) and sent back to OSU for re-pressurization (Figure 3) and epoxy impregnation. AC loss and contact resistance measurements are then made by OSU personnel at our collaborators the low temperature division of the University of Twente.








                  [image: Fig 3. Cables are pressurized twice, once prior to reaction (at FNAL) and once before epoxy impregnation (at OSU).]




        
  


      
  

Fig 3. Cables are pressurized twice, once prior to reaction (at FNAL) and once before epoxy impregnation (at OSU).




                  [image: Fig. 4. AC loss vs frequency showing that cable cores suppress AC loss and related magnetization, in collaboration with colleagues at the University of Twente, Low Temperature Division (Measurements made there, sample holder at right).]




        
  


      
  

Fig. 4. AC loss vs frequency showing that cable cores suppress AC loss and related magnetization, in collaboration with colleagues at the University of Twente, Low Temperature Division (Measurements made there, sample holder at right).
CSMM has also started a project to develop undulator coils in collaboration with a commercial partner Hyper Tech Research (HTR). A small model coil is shown (Fabricated at HTR) being prepared for measurement. Field profiles are calculated for these undulator coil geometries, the results are also shown in Figure 5 and Figure 6. Such coils are the Nb3Sn research version related to the larger full size coils to be used in the International Linear Collider, the ILC.







                  [image: Fig 5. Model Undulator Coil (Fabricated at HTR) and FEM Calculation of resultant Field]




        
  


      
  

Fig 5. Model Undulator Coil (Fabricated at HTR) and

FEM Calculation of resultant Field 


 


 


 


 


 


 


 


 


 







                  [image: Fig. 6. Field Profile for Undulator Coil]




        
  


      
  

Fig. 6. Field Profile for Undulator Coil
Efforts at the allied SuTC have focused on MgB2 related coils for energy and medical applications. Figure 7 shows a rotor coil relevant to the new all electric aircraft research underway at NASA. Figures 8 and 9 show other MgB2 based coils for various applications.








                  [image: Fig. 7. Cut-away of Rotor Coil (Fabricated by HTR)]




        
  


      
  

Fig. 7. Cut-away of Rotor Coil (Fabricated by HTR) 


 


 


 


 


 







                  [image: Fig. 8. MgB2 based solenoidal coil (Fabricated by HTR).]




        
  


      
  

Fig. 8. MgB2 based solenoidal coil (Fabricated by HTR). 


 


 


 


 


 


 


 


 


 


 


 







                  [image: Fig. 9. Open Winding based on MgB2 (Fabricated by HTR).]




        
  


      
  

Fig. 9. Open Winding based on MgB2 (Fabricated by HTR). 
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            High Temperature Superconductors


BSSCO


 


YBCO 







                  [image: Figure 1. TEM of 211 layer defects (data taken at AFRL).]




        
  


      
  

Figure 1. TEM of 211 layer defects (data taken at AFRL).Figure 1. TEM of 211 layer defects (data taken at AFRL).


(Yttrium-barium-cuprate)


The increase of Jc through pinning increases in YBCO is a topic of considerable interest. 


CSMM has been collaborating with the Superconductivity group in the propulsion directorate at AFRL to study pinning in samples made there. Samples with layer and random distributions of 211, as well as many other dopants, have been used to increase the pinning properties of YBCO, typically at higher fields. Figure 1 shows a TEM of the layer 211 structure (data taken at AFRL). Figure 2 shows the effects of layer 211 defects as applied to YBCO, increasing the high field response.







                  [image: Figure 2. Control (in color) and 211-doped (black) YBCO transport properties. Dopants increase the high field response.]




        
  


      
  

Figure 2. Control (in color) and 211-doped (black) YBCO transport properties. Dopants increase the high field response. 
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            MgB2 Superconductor


Wires fabricated from Mg2; hold great promise. They are cheap and relatively easy to produce. The critical temperature is high enough (39 K) to enable the development of conduction cooled magnets, rather than the more expensive method of submerging the magnet in liquid helium. Work is ongoing at CSMM on all stages of fabrication, from basic material studies to fabrication and testing of subscale MRI magnet coils.
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            Nb3Sn Superconductor


Nb3Sn based superconducting materials are of strong interest as conductor for the High Energy Physics community, for the fabrication of beam steering (dipole) and focusing (quadrupole) magnets for particle accelerators. They also are of interest for high field NMR machines and Fusion reactors, and have possible applications in advanced MRI machines. The basic phase of interest is the A15 phase with 25 at% Sn, as shown in Figure 1. In order to have optimal properties, Sn content must be maximized.







                  [image: Fig. 1. Nb-Sn binary phase diagram determined by Charlesworth et. al.]




        
  


      
   


 


 


 


 


 


 


 


While bronze route conductors are of some interest for high field NMR, the highest performance conductor presently available is a Rod-In Tube based conductor, as shown in Figure 2. Conductors of this type have been produced commercially for some time. The CSMM is working with several industrial companies to optimize performance in these conductors, presently, the conductors have reached 3450 A/mm2 at 12 T and 4.2 K.







                  [image: Fig. 2. RIT restack with 61 subelements (left) and expanded view of subelement (right). SEM Micrographs taken by CSMM personnel via access to the extensive CEOF facilities]




        
  


      
  

Fig. 2. RIT restack with 61 subelements (left) and expanded view of subelement (right). SEM Micrographs taken by CSMM personnel via access to the extensive CEOF facilities 


 


 


 


 


 


 


 







                  [image: Fig. 3. Transport properties of recent conductors developed at OSU and a local industrial consortium (Supergenics, Hyper Tech, and Global R&D).]




        
  


      
  

Fig. 3. Transport properties of recent conductors developed at OSU and a local industrial consortium (Supergenics, Hyper Tech, and Global R&D). 


 


 


 


 


 


 


 


 


 


While these properties are at the forefront of Nb3Sn transport performance, there are other needs for the HEP community. In order to minimize beam defocusing, and also to retain electromagnetic stability, it is necessary to minimize filament diameter (to reduce magnetization and flux jumps). A new (or perhaps newly improved) approach, name the “Tube” has led to conductors with up to 900 filaments and transport properties up to 2500 A/mm2. The RIT conductors form the A15 phase by a diffusion reaction involving first the formation of a bronze (in-situ) and then the reaction to A15. On the other hand the Tube conductors form by transforming from Nb6Sn5 (or perhaps NbSn2 -> Nb6Sn5) to the A15. The two different routes can be seen in Figure 4. It can be noted that this reaction route has some similarities (and differences from) a Powder in Tube based route. Some of the microstructures developed during the reaction to A15 are shown in Figure 5.







                  [image: Fig. 4. Cu-Nb-Sn ternary phase diagram at 675°C [26], the reaction routes for the various types of Nb3Sn composites have also been indicated.]




        
  


      
  

Fig. 4. Cu-Nb-Sn ternary phase diagram at 675°C [26], the reaction routes for the various types of Nb3Sn composites have also been indicated. 


 


 


 


 


 


 


 


 


 


 







                  [image: Fig. 7. Grain size vs reaction temperature for Tube conductors]




        
  


      
  




                  [image: Fig. 6. Sn gradient in Tube conductor]




        
  


      
  

Fig. 6. Sn gradient in Tube conductor




                  [image: Fig. 5. Reaction route to A15 for Tube conductors. (a) Initial NbSn2 formation, (b) Nb6Sn5 formation, (c) and (d) initial fine grain A15 formation, (e) conversion of the Nb6Sn5 to coarse grain A15, and (f) final reacted microstructure.]




        
  


      
  

Fig. 5. Reaction route to A15 for Tube conductors. (a) Initial NbSn2 formation, (b) Nb6Sn5 formation, (c) and (d) initial fine grain A15 formation, (e) conversion of the Nb6Sn5 to coarse grain A15, and (f) final reacted microstructure. 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


CSMM also is investigating Bc2 and high field Jc maximization in RIT conductors (in conjunction with Global R&D). In this case the Ti is known to increase electron scattering, reducing the coherence length and increasing Bc2. We are investigating the optimization of Ti dopant level, as seen in Figures 8 and 9.







                  [image: Fig. 8. RIT conductor with Ti doping, probed via EDS at various locations (red dots).]




        
  


      
   


 


 


 


 


 


 


 


 







                  [image: Fig. 8. RIT conductor with Ti doping, probed via EDS at various locations (red dots).]




        
  


      
  

Fig. 8. RIT conductor with Ti doping, probed via EDS at various locations (red dots). 
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            Special Topics


Pnictide Superconductors


Carbon Nanotubes


A collaboration with the US Air Force is in place to investigate the feasibility of implementing high conductivity metal carbon nanotube composites in electronics.


Ni3Al


A past study investigated the properties of and developed processing methods for Ni3Al superconductors. (See Articles.)
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            Current Links



CEMAS: State of the art electron microscopy facility


Hyper Tech Research: Manufacturer of superconductor products
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