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Section 1 

INTRODUCTIOM 

The objective of t h i s  investigation is  the preparation of high dielectric 
materials i n  thin film form on refractory metal substrates by electrochemical 
techniques, 
improving the capacitance of titanate, zirconate, niobate and tantalate films 
by vacuum heat treatmnt.  
described and have used Group IIA and IA cations as canplexed potential film 

modifiers. 
treatraent) by heating in air restores the insulative nature of the films, and 

i n  certain cases, a f i l m  Kith a lower loss and a higher capacity than the 
original films is  produced. 

Work performed during t h i s  quarter has been directed toward 

The baths used have been of the EDTA type previously 

Reoxidation of the reduced films (produced in the vacuum heat 

This quarterly report is concerned only  w i t h  the results of the vacuum heat 
treatment in terns of e lectr ical  measurements of capacitance and loss factors. 
The f ina l  report will contain additional information concerning the e lec t r ica l  
properties as well as information concerning the composition and crystal l ini ty  
of the coatings. 
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Section 2 

HEAT SILEATMENT OF COATINGS 

2.1 INTRODUCXTON 

Repeated spectrographic examination of films f o m d  on titanium, zirconium, 
and niobium under certain conditions in a bath containing an EDTA complex of 
barium or calcium have shown the presence of barium or calcium. 
the electr ical  properties of these films indicated a lack of crystal l ini ty  
of the type that i s  associated With a high dielectr ic  material. 
were made to induce the foxmation of a crystall ine material by heating the 
films in air. 
limited the temperatures a t  which the films could be processed. 
of wriments were performed i n  which the films were heated in a vacuum and 
then reoxidized to eliminate film conductivity. The time and temperature of 
processing are the inportant factors i n  determining the final capacity of 
the films. 

However, 

A t t e q t s  

Although the results were  encouraging, oxidation of the substrate 
Thus a series 

2 I 2 G~.B-ALL ?RQCD???s 

Films have been formed on tit-um, zirconium, niobium, arm tantalum substrates 
using ED!I!A baths containing complexed barium, calcium, magnesium, sodium or 
potassium. The 

formation parameters used have varied only s l igh t ly  and variations i n  e lec t r ica l  
properties due t o  these factors are small compared t o  improvements noted if any. 

All films have been f o m d  a t 1 0 0  m d c r n 2  fo r  f ive  minutes. 

Films were given a preliminary evaluation, then placed i n  quartz tubes, pumped 
unt i l  a vacuum of l e s s  than 5~ Hg w a s  obtained and then sealed. These samples 
were placed in a preheated furnace. The samples were removed from the furnace, 
cooled and then opened. 
and 300°C and allowed t o  reoxidize. 

They were then placed i n  an air oven a t  between 200 
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0 2.3 RESULTS OF HEAT TREAlMENT 

2.3.1 Coatings on T i t a n i u m  Substrates 
The data obtained from coatings prepared and vacuum heat treated on titanium 
substrates is sham in Table 1. 
length of time were damaged t o  such a degree that  air oxidation did not heal 
them. 
appears as high loss factors. The treatment at 600°C vas found t o  be the 

most satisfactory. The best treatamat times used were 1s and 30 minutes. 

All samples heat treated a t  70O0C f o r  any 

The extent of t h i s  damage was not visible as physical danage but 

As the treatment time is extended, healing of the film by air oxidation 
becomes increasingly diff icul t .  

2.3.2 Coatings on Zirconium Substrates 
Attempts w e r e  made t o  improve the capacitance of films formed on zirconium 
by vacuum heat treatment. 
resulted in ei ther  no improvement or  drast ical ly  deteriorated capacitance and 
loss factors. 
air heat treatment is used and indicated tha t  zirconium films respond 
differently than titanium films. 

T h i s  data is shown i n  Table 2. All attempts 

These results here are i n  keeping with those observed when 

2.3.3 Coatings on Niobium Substrates 
The types of baths used t o  produce coatings on niobium were extended t o  
include complexed magnesium, potassium, and sodium. The films produced i n  
the l a t t e r  baths are very white, glassy, and are formed a t  lower current 
densit ies than those used with calcium, barium, or magnesium. 
data i s  shown in Table 3 f o r  these films before and after the vacuum heat 
treatment. 

The electr ical  

It should be noted first that  treatment a t  600°C f o r  1s minutes without 
subsequent air oxidation produces minimal i f  any increases i n  losses while 
the capacitance is increased by about a factor of SO. 
air reduces the losses t o  acceptable values with drast ic  reduction of the 
capacitance, t o  levels about the same as the i n i t i a l  values. 

Further processing i n  
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Processing a t  70O0C or a t  any temperature for  t i m e  periods beyond 15 minutes 
produces films that cannot be healed by the subsequent air oxidation. 

The best processing technique observed i n  this data uses films formed in the 
potassium or magnesium bath and heat treatments a t  6SOoC for  15 minutes. 
Films processed by t h i s  technique have shown electr ical  properties similar 

t o  the titanium films. This result i s  not unusual inasmuch as niobium and 
titanium have quite a f e w  other properties that  are similar. 

Time has not permitted a compositional analysis of these coatings. 
of this program muld logically include this study as these coatings are quite 
promi sing. 

An extension 

2.3.4 Coatings on Tantalum Substrates 

The results of processing coatings formed on tantalum in the EDTA baths are 
shown in  Table 4. 
potassium and sodium EDTA bath. 
obtained. 
t o  the coatings formed on niobium. 
i n  the capacitance and loss factors w a s  observed when the coatings w e r e  heat 
treated. 

loss  factors were observed. 

Attempts were made t o  form coatings on tantalum in the 
However, only thin interference coatings were 

The magnesium-EM'A bath did produce coatings similar i n  appearance 
However, only s l ight  or no improvement 

A t  best the capacitance was doubled, but at  the same time higher 
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Section 3 

CONCLUSIONS 

Vacuum heat treatment of coatings formed i n  m A  baths on titanium and 

niobium produces a l ow resistance film. 
30O0C the coating becomes a dielectric w i t h  enhanced capacitance and lower 
losses. 
and thickness measurements made by the Dermitron instrument, the apparent 
dielectr ic  constants have been calculated. 

When reoddiaed i n  air at  200 to 

Using the values of coatings on t i t a n i u m  treated i n  such a manner, 

TABLE 5 
Apparent Dielectric Constants 

Sample ED!CA 
Number Substrate Bath A s  Formed Fired & Oxidized 

11-92-F T i t a n i u m  Calcium 160 1600 

11-93-F T i t a n i u m  Bar ium 120 1900 

11-94-F T i t a n i u m  Calcium 160 760 

11 - 95 -F T i t a n i u m  Barium 95 1300 

11-110-D Niobium Magnesium 99.5 

11-118-F Niobium Potassium 58 

1900 

690 

These values show tha t  a high dielectric thin film can be produced by use of 
the technique described. 
produce an order of magnitude bprovement for  titanium and niobium-based films. 

The vacuum heating and reoxidation-healing steps 
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