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of durable active and passive optical coatings
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We have studied and developed pulsed DC magnetron sputtering approaches using pulse management to obtain 
high-quality durable active (thermochromic VO2) and passive (hard protective AlN and Al2O3) optical coatings.

Energy control and savings (smart windows – glass and plastics, smart infrared radiators
for satellites), protection of optical components - lens optics, windows, displays etc).
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Optical emission spectrum of  HiPIMS (top) and RFMS (bottom)  

discharges above a 4 inch vanadium target (850W average 

power).
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Reactive HiPIMS applied to VO2
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Pulse management strategies

Voltage, current, frequency, 
duty cycle, pulse length

Categorization of pulsed discharges Ion/atom growth flux ratio

Time-, space-, species-resolved OES
(Frequency: 1 kHz, pulse length: 45 ms)

Time-averaged OES spectra with optical filters

V(t) and I(t) waveforms, and
post-pulse plasma flash

Simplified schematic of ion fluxes
in reactive HIPIMS; from [2]

Principle of thermochromic smart windows
Transmission modulation in the NIR
at high and low temperatures: DT

Deposition of VO2 on plastics High stability of HiPIMS VO2

After optimization: H = 11 GPa, near zero stress, medium refractive index 
n = 1.66 @ 550 nm | Frequency: 10 kHz, pulse length: 10 ms

After optimization: H = 23 GPa, near zero stress, high refractive index 
n = 2.08 @ 550 nm | Frequency: 10 kHz, pulse length: 10 ms

High performance thermochromic VO2 films 
deposited at low temperature
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