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When it’s too fast to see, and too important not to.®

The current may be changing for battery systems. 

Instead of traditional lithium-ion batteries, which use liquid organic-based electrolytes, the spotlight is 
on solid-electrolyte batteries. These next-generation battery systems incorporate solid electrodes and 
electrolytes, which are safer and more energy-dense than their liquid counterparts. These benefits come 
at the expense of higher material costs—attracting a growing number of scientists and engineers to the 
development of practical solid-state systems.

One of these individuals is Dr. Zachary Hood, a postdoctoral student from the Massachusetts Institute of 
Technology (MIT) who recently joined Argonne National Laboratory’s Applied Materials Division (AMD). 
Hood is among the first wave of researchers looking to develop new materials and architectures for solid-
state battery systems, which hold promise for a variety of applications—from implantable medical devices 
to electric vehicles.

Using a Phantom high-speed camera, coupled with a specialized 12x magnification 
lens, one researcher has observed thin film deposition with microscale resolution—
shedding light on a potential manufacturing method for solid-state batteries.

Leading the Charge



WHAT ARE SOLID-STATE BATTERIES?
All batteries include an anode and cathode, which, in traditional lithium-ion batteries, exchange lithium 
ions through a liquid electrolyte. The electrolyte passes through a porous separator, which prevents 
contact between the two electrodes. Solid-state batteries, on the other hand, integrate a solid electrolyte 
membrane—usually a polymer or glass/crystalline-type ceramic—that allows the ions to move freely 
throughout the solid matrix.

Instead of suspending the anode and cathode in a fluid electrolyte, solid-state batteries layer the anode, 
cathode and electrolyte—a design that saves space without compromising charge. By avoiding toxic, 
flammable liquid electrolytes, solid-state batteries are also inherently safer. They also tend to have a 
higher charging capacity than their liquid counterparts and can hold charges for longer periods of time, 
making them particularly promising for the electric vehicle market.

One emerging type of solid-state technology is the thin film lithium-ion battery, in which all components—
including the anode, cathode and electrolyte—are deposited in micrometer-thick layers on a substrate. 
These batteries are manufactured using thin film deposition techniques like spray pyrolysis, which involves 
spraying a material onto a heated surface. The droplets undergo thermal degradation in response to the 
heat and leave behind a thin film.

“Think of it like a spray bottle dispersing droplets onto a window,” explains Kyle Gilroy, Applications Engineer 
at Vision Research. “The way the droplets hit the surface and behave under the heat is an important 
phenomenon in physics that no one has ever seen up close before.”

OBSERVING THIN FILM DEPOSITION IN HIGH RESOLUTION
One aspect of preparing solid-state lithium-ion battery cells—which researchers have never observed 
at high spatial and temporal resolutions before—is the process by which the spray droplets deposit the 
solid electrolyte onto the heated surface during pyrolysis. “I’m fortunate to work with the world’s best 
cameras,” Gilroy says. “I realized these cameras can help Zach resolve a lot of the issues he faces in his 
research—like observing what happens during thin film deposition. But to observe this process, you need 
cutting-edge technology and optics.”

To that end, Hood—with Gilroy’s help—set up a Phantom v2512 ultra high-speed camera, coupled with an 
advanced lens for microscopy applications, to record thin film deposition. A single-crystal magnesium-
oxide substrate served as the heated interface. Hood and Gilroy calibrated the images using a transparent 
50-micrometer microchannel, after which they measured the number of pixels that span 50 micrometers 
under magnification. Because high-speed imaging requires a lot of light, Hood and Gilroy also backlit the 
event with high-intensity LEDs set at 100-percent illumination.

To help advance his research, Hood recently teamed up with Vision Research to take a closer look at thin 
film deposition—a manufacturing method for thin-film solid-state battery technologies. By observing 
thin film deposition at micro temporal and spatial resolutions, this work is bringing solid-state batteries 
one step closer to being a commercial reality.



The frame rates, exposure times and resolutions varied across the experiments and included the following shots:

• 31,000 frames per second (fps) at 1,024 x 768 resolution and 3 microseconds of exposure time
• 68,000 fps at 1,152 x 320 resolution and 1 microsecond of exposure time
• 110,000 fps at 1,152 x 192 resolution and 2 microseconds of exposure time 

 To record thin film deposition, Hood and Gilroy set up a Phantom v2512 ultra high-speed camera, coupled with 
an advanced lens for microscopy applications.

By analyzing the high-speed video, it was determined that the micro-droplets either combine with the hot surface, 
or they reduce in size and float off as smaller droplets to deposit elsewhere. 

Magnification: 12X. Droplet sizes are roughly 10–60 microns—roughly the width of a human hair.
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HIGH SPEEDS, HIGHEST IMAGE QUALITY
The Phantom v2512 was an ideal choice for observing thin film deposition, as it is the fastest one-megapixel 
camera available. It achieves 25,000 fps at full 1280 x 800 resolution—and up to 1,000,000 fps at reduced 
resolutions. 

In addition to its speed, the Phantom v2512 incorporates a state-of-the-art CMOS sensor that obtains high-
quality images of fast-moving—even microscopic—phenomena when paired with the right lens. With its 
28-micron pixel size, the sensor is highly sensitive to light, while its 12-bit depth achieves 4,096 gray levels—
enabling researchers to decipher subtle motion details. And finally, the sensor’s minimum exposure time 
of 265 nanoseconds further reduces motion blur, enabling the most precise images possible of the fast 
moving micro-droplets.

LAYING THE GROUNDWORK FOR FUTURE STUDY
Thanks to the Phantom v2512 camera, Hood and Gilroy obtained high-quality, detailed footage of thin film 
deposition for the first time. By analyzing the high-speed video, the micro-droplets impinge on the hot 
surface and then immediately undergo rapid transformations. “First, the droplets deposit some of the 
material,” Gilroy says. “Then they either combine with the surface, or they reduce in size and float off 
as smaller droplets to deposit elsewhere.” Based on these experiments, Hood has concluded that the 
interaction between the droplets and hot surface is highly complex—encouraging and laying the foundation 
for further inquiries.
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