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Alameda Applied Sciences Corporation
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Three different Coaters at AASC

Cathodic Arc Deposition (CAD)

Coaxial Energetic Deposition (CEDTM)
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Filtered Cathodic Arc Deposition (FCAD)



Phase II Goals

A h f th  AASC JL b NSU ll b tiApproach of the AASC-JLab-NSU collaboration

Use CEDTM and CAD/FCAD techniques to coat sapphire and Cu coupons

Use surface analysis techniques at JLab/NSU to characterize morphology

Measure RRR and Tc from sapphire coated coupons

Use SIC facility at JLab to measure impedance of films in cavity

 Improve our understanding of the relationships between surface characteristics and 
superconducting properties
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Relevance to NP Programs and Commercial Applications

 NP facilities:
 The CEBAF facility at TJNAF (undergoing a 12GeV upgrade)

F ilit  f  R  I t  B  (FRIB)   Facility for Rare Isotope Beams (FRIB). 
 NSAC report states that as a result of technical advances, a world-class rare isotope facility can be 

built at ≈ half the cost of the originally planned Rare Isotope Accelerator (RIA), employing a 
superconducting linacsuperconducting linac

 Commercial applications:
 More than 1000 particle accelerators worldwide; most use normal cavities
 Superconducting RF (SRF) cavities offer a ~10x improvement in energy efficiency over normal 

cavities, even accounting for cryogenic costs at 2K
 Operating at higher temperatures (~10K) would further improve accelerator energy efficiency as p g g p ( ) p gy y

the cryogenic cooling becomes less demanding and moves away from liquid He and towards 
off the shelf cryo-coolers such as those used in cryo-pumps

 Replacing bulk Nb with Nb coated Cu cavities would also reduce costsp g
 The ultimate payoff would be from cast Al SRF cavities coated with higher temperature 

superconductors (Nb3Sn, MoRe, MgB2, oxypnictides)
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Our thin film superconductor development is aimed at these broad goals



Phase II Tasks and Schedule

 Coat pure Nb films on a-sapphire and Cu substrates using the CEDTM coater (year I)
 Measure the thin films (AASC and JLab and NSU)

 Coat pure Nb films on a-sapphire and Cu in the CAD chamber (year I)
 (the CAD chamber was used in Ph-I to produce the Nb3Sn films)
 Measure the thin films (JLab and NSU)

 Coat Nb3Sn on a-plane sapphire in CAD chamber (year II)
M  th  thi  fil  (AASC d JL b d NSU) Measure the thin films (AASC and JLab and NSU)

 Coat the thin films using pulsed biased CAD (AASC) (year II)
M  th  thi  fil  (AASC d JL b d NSU) Measure the thin films (AASC and JLab and NSU)

 Coat Nb3Sn on Nb and/or Cu in CAD chamber (year II)
 Measure the RF properties in the SIC facility (JLab) Measure the RF properties in the SIC facility (JLab)
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Our CEDTM coater has shown RRR>300 in 1.5µm thick Nb films!

 Residual Resistance Ratio (RRR), defined as 
R300K/R10K, is a figure of merit for 
superconductorssuperconductors

 RRR is a ‘normal’ state measurement, but is 
related to the electron mean free path in the 

d ti  t tsuperconducting state
 bulk Nb cavities in superconducting RF 

accelerators show RRR~300 for high-Q, high g , g
field performance

 Over two decades of development, RRR in 
thin film Nb superconductors has slowly thin film Nb superconductors has slowly 
increased from ~10 to ~100

 Our recent work has pushed RRR in Nb thin 
films to >300, matching bulk Nb cavities

This could be a major breakthrough for thin film SRF
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RRR of Nb thin films on a-sapphire 

 Nb thin films grown on a-sapphire crystals have demonstrated record levels of Residual 
Resistance Ratio (RRR)
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MgO gives the highest RRR ever measured in Nb thin films

 Historically, MgO has not been used for Nb film growth because its fcc structure has a 10.9% lattice 
mismatch for the bcc Nb [110] direction and 21.6% for the Nb [200] direction. We included MgO 
because its fcc structure was expected to better match to Cu
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Tc vs. substrate heating conditions: MgO
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Why is our RRR so high relative to other sources? 

 RRR increases with substrate temperature  thickness and ion energy; dep  rate effect?
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 RRR increases with substrate temperature, thickness and ion energy; dep. rate effect?



XRD measurements show hetero-epitaxial growth of 
single crystal Nb on a sapphire and on MgOsingle crystal Nb on a-sapphire and on MgO

ALAMEDA APPLIED SCIENCES CORPORATION aasc10vp01-13



Nb on a-sapphire thin films: crystal structure

 XRD Pole figures and Bragg-Brentano spectra show improved crystal structure of Nb (110) on a-
sapphire as temperature is increased
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Hetero-epitaxial, single crystal growth is correlated with higher RRR



Nb on MgO thin films: crystal structure

 XRD Pole figures and Bragg-Brentano spectra show change in crystal structure of Nb from (110) to 
(200) on MgO as temperature is increased
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Nb crystal planes shift from 110 to 200 as temperature (& RRR) increase



Nb thin films grown on c-sapphire and on Borosilicate

 Nb thin films grown on c-sapphire crystals and on amorphous borosilicate show a similar 
trend of higher RRR with higher substrate temperature
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Nb thin films on c-sapphire: crystal structure

 XRD Pole figures and Bragg-Brentano spectra show change in crystal structure of Nb from textured 
(with twins) to hetero-epitaxial, as temperature is increased

RRR=16, 700/150 RRR=43, 700/700

un
ts

)

490000

co
un

ts
)

200110

10000

22500

40000

In
te

ns
ity

 (c
ou

90000

160000

250000

360000

In
te

ns
ity

 (c

T t d t t  (t i ) di  t hi h  t t  (RRR)
35 45 50 60 70 80 85 95

2Theta-Omega (°)

0

2500

35 45 50 60 70 80 85 95
2Theta-Omega (°)

0

10000

40000

ALAMEDA APPLIED SCIENCES CORPORATION aasc10vp01-17

Textured structure (twins) disappears at higher temperature (RRR)



Nb crystals grown on amorphous borosilicate

XRD measurements show crystalline Nb with reduced 
texture grown on amorphous borosilicate

This opens the possibility of Nb superconductors on cast 
Al cavities of the future
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Nb thin films on borosilicate: crystal structure

 XRD Pole figures and Bragg Brentano spectra show improvement in crystal structure of Nb as  XRD Pole figures and Bragg-Brentano spectra show improvement in crystal structure of Nb as 
temperature is increased
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Nb crystal growth (low texture) despite amorphous substrate



Initial results from CAD Coater

Cathodic Arc Deposition 
(CAD)
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 We aim to demonstrate single-step growth of Nb3Sn superconducting films



The AASC/JLab/NSU team hopes to continue our The AASC/JLab/NSU team hopes to continue our 
methodical investigation of Nb, Nb3Sn, MoRe and g , 3 ,
other thin film SRF candidates, culminating in high 

field cavity tests after better understanding
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