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High-Tc superconducting YBCO thin films

• Superconducting thin film devices are used in many 
applications (e.g. high-Q radio frequency devices)

• Model system: YBa2Cu3O7 (YBCO) thin films on MgO
substrate (C-band receiver, Sardinia Radio Telescope)
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The Sardinia radio telescope

On 30 September 2013, the inaugural ceremony of 
SRT took place in the presence of the highest local, 

national and international authorities. 
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High-Tc superconducting YBCO thin films

• Superconducting thin film devices are used in many 
applications (e.g. high-Q radio frequency devices)

• Model system: YBa2Cu3O7 (YBCO) thin films on MgO
substrate (C-band receiver, Sardinia Radio Telescope)

• Films are grown epitaxially by deposition from vapor 
phase (PVD, e.g., sputtering; CVD, e.g., MOCVD)

• Many aspects of epitaxial growth occur far away from 
equilibrium and are governed by kinetics: 
– Precursor reactions (gas phase and surface)
– Surface processes (attachment, step motion, pyrolysis…)

• Stringent tolerances on filter characteristics: Films must 
be of highly uniform thickness and texture.

• Goal: Development of mathematical tools enabling virtual 
prototyping and control of robust of high throughput 
manufacturing processes for complex thin-film systems 
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Sputtered YBCO Film on MgO substrate

I.D. Raistrick & M. Hawley, in: S.L. Shindé & D.A. Rudman (eds.)
Interfaces in High Tc Superconducting Systems, Springer-Verlag, 1994. 

• Early stages (YBCO/MgO): 
Volmer-Weber island 
growth (discrete nuclei)

• Intermediate stages: Spiral 
growth (Burton-Franck)

• Late stages: Coarsening
– Spiral step (terrace) height = 

one unit cell (1.2 nm)
– Constant terrace width/height 

ratio ~ 1/10 – 1/40 
– Magic slope!
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Continuum film-growth model
• 3D lattice models (Lai & das Sarma, 1991; Zangwill, 1995)

1Herring. C, in: The Physics of Powder Metallurgy, McGrawHill, 1951.
2Mullins, W.W., Journal of Applied Physics, 28 (1957) 333. 

M. Ortiz, E.A. Repetto & H. Si, J. Mech. Phys. Solids, 47 (1999) 697. 
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Continuum film-growth model

M. Ortiz, E.A. Repetto & H. Si, J. Mech. Phys. Solids, 47 (1999) 697. 

• Gradient-flow structure!

capillarityevaporation
condensation

interfacial
energy
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Kinetics of island nucleation

M. Ortiz, E.A. Repetto & H. Si, J. Mech. Phys. Solids, 47 (1999) 697. 

• Linearized stability analysis

flat film
stable

flat film
unstable

(YBCO/MgO)
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Kinetics of surface roughness

M. Ortiz, E.A. Repetto & H. Si, J. Mech. Phys. Solids, 47 (1999) 697. 

(direct simulation by finite-differences)
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Kinetics of surface roughness

M. Ortiz, E.A. Repetto & H. Si, J. Mech. Phys. Solids, 47 (1999) 697. 

roughening driven by anti-diffusion!
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Kinetics of island coarsening

• Islands are separated by sharp interfaces
• Preferred slope is maintained within islands
• Islands grow selectively and cover smaller islands

M. Ortiz, E.A. Repetto & H. Si, J. Mech. Phys. Solids, 47 (1999) 697. 
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Kinetics of island coarsening

M. Ortiz, E.A. Repetto & H. Si, J. Mech. Phys. Solids, 47 (1999) 697. 

• Large islands ~ small capillarity

ridge groove

Coarsening driven 
by kinetics of singular set!
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Kinetics of island coarsening

M. Ortiz, E.A. Repetto & H. Si, J. Mech. Phys. Solids, 47 (1999) 697. 

• Island coarsening 
driven by kinetics 
of singular set

islands
(perspective view)

islands
(top view)

differential
growth

Scaled up by 2
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Kinetics of island coarsening

M. Ortiz, E.A. Repetto & H. Si, J. Mech. Phys. Solids, 47 (1999) 697. 

• Island size scales as 1/3 power of film thickness!
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Kinetics of island coarsening

1S. Conti and M. Ortiz, J. Mech. Phys. Solids, 56 (2008) 1885.
M. Ortiz, E.A. Repetto & H. Si, J. Mech. Phys. Solids, 47 (1999) 697. 

• We prove mathematically that the 1/3 scaling is optimal1 (it is both an 
upper bound and a lower bound).  
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Extension to strained-film growth

D.J. Srolovitz, Acta Metall., 37 (1999) 621-625.
P.P. Natsiavas, K. Weinberg, D. Rosato & M. Ortiz, JMPS, 95 (2016) 92.
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Extension to strained-film growth

Surface profile snapshots, uniaxial misfit strain,
t = 0, 200, 300, 400, 500, 600 s
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Extension to strained-film growth

P.P. Natsiavas, K. Weinberg, D. Rosato & M. Ortiz, JMPS, 95 (2016) 92.
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Summary and conclusions

• Beyond shallow surfaces? Grooving? Overhangs? Cracks?  
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Thank you!


