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Flexible electronic applications, such as printed circuits, integrated circuits, displays and sensors, and
advanced energy applications, such as photovoltaics, batteries and high temperature superconducting
coated conductors (HTSCC) place high demands on substrate properties. Despite the difficulties in
transitioning from rigid and bulk form factors, the cost and functional benefits of developing thin-film,
web coating processes on flexible substrates are too great to ignore. Temperature stability, chemical
compatibility, surface roughness and cost are among key factors in selecting a substrate and buffer
layer (if required). In this presentation, we demonstrate an inexpensive method for preparing extremely
smooth flexible substrates in long lengths with high temperature stability. This method utilizes multiple
chemical solution depositions to planarize the substrate to a desired level of smoothness. We
demonstrate 0.5 nm RMS roughness oxide coatings on metal tapes that start at 50 times higher
roughness.

Traditional substrate smoothing techniques include coatings, such as atmospheric solution deposition
of polymers, vacuum deposition of polymers (PML coatings'), spin on glass (SOG),?® and removal
processes such as electropolishing,* mechanical polishing® and chemical mechanical polishing.
Polymer smoothing coatings are not suitable for the high temperatures required for many applications.
SOG is not a web coating process. The removal processes are suitable for metal tapes and high
temperatures, but are either impractical for web coating or generate significant waste.

We have recently developed Solution Deposition Planarization (SDP) as an alternative substrate
smoothing method.® SDP uses multiple solution coatings of amorphous yttria to planarize the substrate
and eliminates the need for three other processes (in our example). The metal tape is coated via
atmospheric dip coating of an yttrium acetate/alcohol solution, dried and converted to yttrium oxide by
heating to 575°C in air. Surface tension of the liquid solution planarizes the free surface. Subsequent
drying yields thicker areas in the valleys and thinner area on the peaks. Shrinkage of the coating
occurs upon converting to solid and thus only a fraction of the roughness is removed with each pass.
The process is repeated to reduce the roughness further until the desired smoothness is reached,
which is a function of the starting substrate roughness. SDP coatings on substrates with an initial RMS
roughness of 3-4 nm and 20-50 nm require 3-4 passes and 10-15 passes, respectively, to reach less
than 2 nm RMS roughness over a 5 x 5 pm area.

The SDP-prepared substrates were used for fabricating HTSCC. In this case a YBa,Cu3;O; (YBCO)
layer of 1-3 um is deposited on an ion-beam aligned template. lon-beam assisted deposition (IBAD) of
MgO is used to create a crystalline-aligned template for epitaxial growth of superconducting YBCO
layers.”®® IBAD-MgO requires very smooth surfaces for deposition, less than 2 nm RMS roughness.™
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A number of different YBCO deposition techniques were used successfully on these templates,
including pulsed laser deposition (PLD), reactive coevaporation (RCE), and MOCVD. For the PLD
sample the critical current, J. at 75K in self field (SF) was measured to be 2.85 MA/cm?. An RCE
YBCO film of 1 pm was deposited on an IBAD/SDP template and the J. at 75 K (SF) was 4 MA/cm?
without a buffer layer.”* These J. values match or exceed the best undoped YBCO samples made by
PLD on single crystal substrates.'? Currently several HTSCC manufacturers are exploring the use of
this SDP technology in fabrication of their products. HTSCC have potential applications in power
transmission cables, electric motors and generators, and fault current limiters.
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