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THICK SPUTTER-DEPOSITED INSULATORS · 

R Wang, SO Dahlgren, N laegreid 
----·- ------· 

Battelle-Northwest, ·Metallurgy Development Department, Richland; Washington 

Sputtered coatings of aluminum oxide, yttrium oxide and aluminum 

nitride were prepared for studies of the materials and the technology. 

--···-·----

A 14 mil. thick-deposit of Al 2o3was made at a rate of about 1 mil/hr, 

establishing that insulator material coatings can be made in the required 

thickness by high-rate rf sputter deposition. This thickness is sufficient 

for the theta-pinch fusion reactor, which requires an insulating first 

wall coating of-about 13 mils. A high-purity sintered Al 2D:3target was used 

to make the 14 mil -thick deposit at 20°C. Breakage of high-purity sintered 

targets prevented earlier efforts to deposit insulating materials of the 

desired thickness. Therefore, th~ deposit was made in a sputtering system 

that was redesigned to allow target breakage to occur in a controlled 

manner to permit satisfactory deposition of the thick deposits. 

The A1 203deposits made at 20°C yielded an x-ray diffraction pattern 

characteristic of a glassy or amorphous structure. Two extremely broad 

diffraction lines corresponding to the most intense lines for garruna Al 2o3 

were observed in the patterns. Heat treatment of the 6 mil thick deposit 

at 800°C for 17 hours caused partial transformation to crystalline gamma 

alumina. Complete transformation to garruna alumina was observed after one 
I 

hour at 900°C for the 0.4 mil thick deposit. Further heat treatment of these 

deposits for seven days at 1000°C produced garruna Al 20Jcrystal structures 

having a small grain size. Heat treatment at goo~c and 1000°C in air 

caused both deposits to lose much of the brown color that had been ascribed 

to oxygen deficiency. Finally, after .one hour at l420°C, the deposits 

transformed to white, opaque alpha alumina with no crystallographic texture 

ch~racteristic of many deposited_and heat treated materials. 
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The 6 mil deposits made at 600°C and 800°C also had the gamma alumina 

structure, but the diffraction lines were somewhat broad, indicating fine 

grain size or crystalline disorder. Crystallographic texture was not 

indicated for any of the gamma alumina. A possible advantage of gamma 

alumina, which is cubic, is that it may permit resistance to irradiation 

damage caused by anisotropic swelling. Literature data indicate gamma 

alumina slowly· transforms to alpha alumina at 1000°C, but no evidence of 

the alpha phase was detected in sputter deposits heat treated for one 

week at 1000°C. 

A 3 mil thick deposit of v2o3 was made at a rate of about 1 mil/hr.-

at 20°C. The deposit wa~ transparent and had a slight b~ownish tint. 

The x-ray diffraction pattern indicated that.the v2o3_had a_cubic_.like 

lattice. After treat treated for one day at 800°C, the deposit transformed 

to white, opaque with sharp x-ray diffraction pattern. 

Experimental work on deposition of AlN was conducted in modified rf 

equipment using a sintered AlN target. The purpose was to find whether 

insulators of nitrides, such as aluminum nitride coatings, can be made by 

high-rate sputtering. The' deposit had a thickness of 2 mils (50 ~m} and 

had a color similar to the target material. The surface of the deposit 

was rough which may have been caused by the flaking and discharing during 

the final stage of the deposition. X-ray diffraction s~owed that the 

deposit was single-phase AlN. Both the color and the crystal structure 

of the deposit indicate that the composition is nearstoichiometry. AlN 

coating on a Nb substrate also was prepared by high-rate reactive sputtering 

of pure aluminum in a nitrogen atomosphere. The coating was about 1.8 mils 

(45 ~m} thick consisting of a 0.6 mil (15 ~m} thick Al-AlN graded l~yer. 

This co~ting adhered excellently tQ_lhe Nb substrate. 




