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What SuNAM is doing 
2G HTS Tapes High Field Magnets 

18 T Research Magnet 

400 MHz NMR Magnet 
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Sticky Note
Our main business is coated conductor manufacturing.  But we also make high field magnets.  This is an 18 T research magnet, liquid Helium cooled one, with a cold bore diameter of 70 mm.  This one is an NMR magnet, 9.4 T, 400 MHz, conduction cooled, with room temperature bore of about 65 mm.



Electro polishing IBAD (Buffer layers) RCE-DR (Superconducting layer) Ag coating CCs 

Protecting layer (~1 um) 

Superconducting layer 
(1.4 um~) 

Buffer layer (~40 nm) 

Homo epi-MgO layer 
(~20 nm) 

IBAD-MgO layer (~10 nm) 

Seed layer (~7 nm) 

Diffusion barrier (~40 nm) 

Substrate (~100 um) Hastelloy or 
Stainless steel 

Al2O3 

Y2O3 

IBAD-MgO 

Epi-MgO 

La(Sr)MnO3 

RE1Ba2Cu3O7-d 

Ag 

DC  
magnetron 

HTS 2G Wire Process of SuNAM 
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Sticky Note
This is a schematic of our tapes.  Metal substrate, buffer layers, superconducting layer, stabilizer, protection layers.  Material names are here, role of each layer, thicknesses are written here.  And pictures of the machines we use, with schematic depictions.



[2G HTS wire portfolio] 
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Sticky Note
These are our production portfolio.  Stainless and Hastelloy substrates, various widths are available, and for the final layer sputteres silver, electro-polished copper, laminated brass or stainless steel, et cetera.



Deposition 

Reaction 

RCE-DR for Superconducting Layer Deposition 

 RCE-DR : Reactive Co-Evaporation by Deposition & Reaction (SuNAM, Reel-to-Reel) 

 High rate co-evaporation at low temperature & pressure to the target thickness(> 1 mm) at once 

in deposition zone (6 ~ 10nm/s) 

 Fast  conversion(up to 100 nm/sec) from amorphous glassy phase to superconducting phase at 

high temperature and oxygen pressure in reaction zone 

 Simple, high deposition rate, large deposition area… 

 Easy to scale up :single path 

 Verified for Gd, Y, Sm, Pr … 

High production throughput, high JC & low cost 
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As you may know, we use reactive co-evaporation for superconducting layer deposition.  With a 30 kW electron gun, we evaporate Gd, Ba, Cu metals on buffered metal substrate, with a high deposition rate.  Composites of metal oxides are formed on the buffer.  When we send the precursor tape to an electric furnace, first in high temperature then to higher oxygen pressure, a superconducting phase is formed, very fast.  So we believe that this process has high throughput, and cost can be lowered.



<QCM Feedback program> 

<RHEED spot Feedback program> 

Control computer 

 An appropriate feedback algorithm can keep the shape of the RHEED spot in the specific range, while 

QCM monitoring to adjust the e-gun power. 

Before optimization  After optimization  

Quality Control : RHEED Vision System 
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Sticky Note
We have implemented several quality control measures for uniform tape production.  We monitor the RHEED pattern in-line.  Feedback signal is generated to change the voltage and current of the Argon ion gun.
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Feedback based on RHEED spot analysis 

(110) spot 

 Because of different evolution of  & , optimization is very 

important for high quality 2G wire. 

 Intensity & tilt angle of MgO (110) spot is one of the most 

important parameter.  
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We found that in-plane crystal perfection and out-of-plane crystallinity cannot be simultaneously optimized, so we made a compromise.



Quality Control : RCE Vision Inspection System 

Based on color dependence of 
composition DB, optimum 
composition level is automatically 
controlled by PC. (Slow feedback)  
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Sticky Note
Another quality control measure is composition control of the superconducting layer.  We knew that surface color is related to the composition and made a feedback control program.



[Start] [End] 

Start color 

End color 

 RCE Vision System will be introduced for increasing the uniformity of composition in RCE-DR process. The 

control computer takes (RGB) values in three-dimensional vector space which is transformed from the color 

of the tape surface. 

Control  

the power 

Color detection 

Is the (RGB) vector 

in the range? 

Yes 

No 

Quality Control : RCE Vision Inspection System 

(Composition DB) 
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Sticky Note
We collected databases relating surface color and the composition.  We monitor the color and adjust evaporation rates of metal to get the proper composition.



Hall measurement IBAD RHEED spot 

RCE color, pressure 

EP report 

Integration of process notes & wire performance 

In-line control and post analysis 
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Sticky Note
We have other monitor and control methods for each process.   We combine all the data with the critical current data to see which process is responsible if variation of the current occurs.



Results of process optimization of in-line control 
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Length (m) IC IC,max  IC,min 1 sigma 

682 801 860 654 3.2 

Length (m) IC IC,max  IC,min 1 sigma 

734 810 856 713 2.2 

Length (m) IC IC,max  IC,min 1 sigma 

728 820 866 729 2.4 

Length (m) IC IC,max  IC,min 1 sigma 

710 804 859 716 2.5 

Length (m) IC IC,max  IC,min 1 sigma 
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Length (m) IC IC,max  IC,min 1 sigma 

743 803 840 651 1.8 
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Sticky Note
These efforts result in fairly uniform critical current for the produced tapes.



New RCE-DR system with 100 kW e-gun 

 Installation of 100kW class e-gun on RCE-DR at the end of 2019. 

 As e-gun power increases,  

 various pinning materials can be deposited (Zr, Hf, Sn etc.) 

 Deposition rate can be increased (10 nm/sec  > 25 nm/sec) 

 Other rare earth materials can be deposited (Y, Y-Gd, Sm etc.) 

      Y : High power e-gun is required to sweep wide areas for stable long-length process 

 Development of 40 mm ~ 120 mm-width coated conductor manufacturing process 

Capacity increase, pinning center introduction and wider tape process 

QCM 

RE Cu Ba Zr, Hf RE 
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Sticky Note
To get higher critical current by incorporating pinning centers, we set up a new superconducting layer deposition machine.  We bought a 100 kW gun.  Current system uses a 30 kW gun.  With increased power, we can evaporate more metals than the current three.  We can add pinning materials, we can mix two or three rare earths, or we can increase the evaporation of the current metals to increase the production speed.  Another feature is precise control of beam power, focusing, and beam position compared to the current gun.



100 kW class E-gun 

Remote Control and Monitoring Systems 
Real-time Automatic Composition Control Program 

RCE-DR system with 100kW class e-gun  

Various beam patterns 

can be applied to each 

material 
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Sticky Note
New chamber is here.  This is the electron gun.  Five crucibles inside the chamber.  We can place more if needed.  Control system and electric furnace for heat treatment.  We programmed various beam patterns for each material.  We also have a composition control system in this machine too.  Monitoring and control systems can be accessed from elsewhere.



 Crystallinity by x-ray diffraction. 

   - High quality YBCO even adding ZrO2.  

   - BZO randomly oriented growth. 
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Enhancement of in-field properties (ZrO2 co-evaporation) 
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Sticky Note
We first tried Zirconium.  We evaporated Zirconium metal, zirconium oxide, and BZO.  Zirconium oxide evaporation yields the best results.  Let me show you the results of ZrO2 addition to YBCO, not GdBCO.  Critical temperature has decreased a little bit.  As can be seen from the x-ray diffraction pattern, we have a c-axis oriented good crystalline structure.  Out-of-plane and in-plane crystallinity can be seen from these patterns.  We can see BZO peak here, also in the TEM pattern which I will show you later.



 TEM result : YBCO-ZrO2 

- Second phases are observed as self-pinning center such as Y2O3, 

CuOx and Y2Cu2O5 

- Y2O3 particles are close to spherical, not agglomerated in YBCO 

- While there are large Y2Cu2O5 particles in top region, few 

Y2Cu2O5 particles in bottom region : optimization in progress. 

Enhancement of magnetic properties by RCE-DR process 
 BZO nanoparticles in YBCO 

- Visible in higher magnification image 

- About 10~20 nm in diameter 

- Random, non-uniform distribution : optimization in progress. 

Y 

Ba Cu Zr 

a 

c 
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Home-made IC(B, T, θ) measurement set-up 

203 mm RT 

4T magnet 

insert cryostat 

< IC(B-T-θ) measurement system > 

100 mm 200 mm 

Number of DPC 22 28+2(12 mm) 

Number of turns 110 133 

Tape length per DPC 111 m 232 + 255 m 

Total tape length 2,452 m 6,496 + 510 m 

 Magnet manufactured circa 2013 

 Conduction-cooling, no-insulation magnet 

 Brass laminated tape was used 

 

 Field up to 4 T 

 Temperature down to 15 K 

 Current up to 1,000 A 

 Rotating sample holder 
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We measured Ic-B-T-theta property with the home-made equipment.  This magnet is made around 2013.  This is a conduction-cooling, no insulation magnet.  We used brass laminate tape.  It consumed quite a lot of tapes.  Field up to 4 T, Temperature down to 15 K, Current up to 1,000 A, sample holder can be rotated.



YBCO-ZrO2 
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- Production and optimization of new RCE-DR with 

100kW e-gun installed to improve magnetic field 

characteristics 

- For YBCO-ZrO2, the critical current under magnetic 

field increased more than twice compared to GdBCO, 

although 77 K, s.f. values are less than half those of 

GdBCO. 

- Research is underway to add not only ZrO2 but 

also various RE (rare earth) materials and pinning 

materials (Hf, Zr, etc.). 
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Enhancement of magnetic properties by RCE-DR process 
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Sticky Note
This graph shows low to medium field critical current data.  For YBCO-ZrO2, the critical current under magnetic field increased more than twice compared to GdBCO, although 77 K, s.f. values are less than half those of GdBCO. - Research is underway to add not only ZrO2 but also various RE (rare earth) materials and pinning materials (Hf, Zr, etc.).



Apply new process 
2021~2022 

High Performance : 
2020~2022 

Improve Yield :  
2020~2021 

High Throughput: 
2021~2025 

• Increase production 

speed 

• Wide-width CC 

(>100mm)  

• Development of 

automated quality 

control system 

• Improvement of magnetic 
properties 

• Improve critical current in 
self field : >400A/4 mm 

• Development of 

PLD process 

• New sputtering 

system 

Ongoing project plan in SuNAM 

Improvement for RCE-RGB feedback 

control with Machine Learning 
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Development of wide tape electro-

polishing process is complete 

Rotary sputtering system 
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Summary 

 SuNAM has been producing high IC coated conductors consistently. 

 

 We set up a new machine to evaporate pinning materials. 

 

 We found that incorporation of BZO is possible with RCE-DR process 

and achieved ~2.5X enhancement at 3 Tesla, 20 K. 

 

 Optimization for higher field property is under way. 
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www.i-sunam.com 

Thanks for  

Attention ! 
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Any Questions?hlee@i-sunam.com




