Overview of Diamond Like Carbon (DLC) Coatings

Nicolas M. Varaas, K.C. Chen, Priya Raman, Martin Hoppe, and Fred Elsner
General Atomics, P.O. Box 85608, San Diego, California 92186

‘ Experimental Set-Up ‘

Opportunities against Current Ablator Materials Linear Hollow Cathode RF Plasma Assisted Chemical Vapor Deposition

Glow discharge polymer (GDP) capsules are amorphous; however, thicker
coatings are required due to low density " .
Diamond and Beryllium have coarse microstructure which leads to perturbations Diamond Like Car.b.on 9"°Wt_h approac_h
HDC (High-density Carbon) is hard to dope - « Several deposition techniques available
Thick DLC coating hard to grow . . i * RF-Plasma-assisted CVD is the most versatile
f * Added Linear Hollow Cathode (increased plasma density) set-
up
Coat flats and shells
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Why DLC? - | ‘ L
Amorphous, no grain boundaries y ¢ e - " R
High mechanical strength/hardness (stiffer than GDP) AN - [ ' otational setup for shells
High density (between GDP and HDC) ¢ b - — 1s20em e -
Many dopants possible s O s .

Higher doping levels than HDC 1 i .
Carbon-based capsules B _E
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Large diameter, thin-walled (high aspect ratio) With rotation/

High burst strength and impermeable to gas /_\\ /-\\ /_\\ . on Spheres
Demonstrate doping & " KB ‘ ;
DLC coatings on Plastic mandrels - L

% o A3

Powder

4mm diameer x 5 um fgici amorphous carbop shells Hollow Cathode Optimization o NPe

Coating Pyrolysis and Leak Test Burst Test and Free-Standing High Aspect Ratio DLC Density and future work
v Achieved ~17um thick uniform DLC coating on 2mm Si Mandrels ¥ Successfully pyro’d PAMS from interior of the DLC shell bLc Cap sules v Achieved 2 2.0 g/cc density DLC coatings on flats
v Post-Pyro radiography & free-standing shells )

) Density as function of thickness
v ical Strength i Pulsed RF results for DLC thin films

Raman Spectra 2 B
Constructed a thin wall capsule fill tube assembly for leak, burst, & buckle testing R —
2mm shell, ~4ym wall thickness, DLC-78
Tresor
Shell wall
Dry fit Dry fit Attached Fracture

4 mm x 5 um shell 2 mm x 4 ym shell

Inlc=2.8
The Iollc ratio is related to the amount of sp3. 7P " I’ ( o , ; d ?;—& thin films thickness on Si flats 7 g;vrvim:;);: RtF (100% duty cycle),
the lower the ratio, the higher the amount of sp3 content, nm and 30mtorr

consequently, DLC coating with better tribological behavior L 1 e « No rotation

+ No rotation

v Transition to coating on plastic mandrels
+ CFTA attachment was successful on the 2mm free-standing DLC shells v Achieved 2 2.0 glcc density DLC coatings on Shells
4mm PAMS D87 I ESEZIR IS 2.3, & 4 mm PAMS ] + The thin shell fractured under UV light when curing the glue
- DLC material absorbs UV light and gets hot h usron time
- Lower UV intensity or the distance increased o
- Alternative curing method or glues may be needed (uniform low temp.
)

v Permeation (half-life) of DLC on PAMS is good v High aspect ratio DLC capsules
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Free-standing DLC capsule. crack-
free, ~ 4 ym thick, 4mm ID Euture work
AR~1:1000 Significant advancements have been made in this area. However,
v Fabrication of DLC capsule several technical challenges remain
‘with high aspect ratio 1:1000 1. Thick coatings (above 50 pm)
Free-standing . a
" v Crack-Free 2. Heat treatments and new hydrocarbon gas to improve density
+ Kr leak test: DLC on PAMS is almost gas tight ¥ More development is needed Y P T
- DD leak test: Half life ~ 20 hours b 9 9
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Lo T e . Improve surface finish by polishing
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