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ABSTRACT 
Crystalline TaB, has been deposited using the CVD reaction of 

TaCl. and B-II, in the temperature range of 773-1200K. Thermodynamic 
calculations have been made which compare the use of both B^H, and 
BC1, as B source gases. The deposits obtained with B^H, exhibited 
extremely small crystal size and contained amorphous B when the 
deposition temperature was below ~873K but were substoichiometric 
in B above this temperature. Carbon analysis indicated that C 
may -be- substiturt*g-for B and thereby stabilize the diboride 
structure at high deposition temperatures. Microhardness of the 
coatings decreased with increasing B/Ta ratio and decreasing 
crystal size. 

INTRODUCTION 
TaB,, like most diborides of the group IV and V metals is a 

1 2 refractory hard compound. ' Unlike the other diborides, however, 
the chemical vapor deposition (CVD) of TaB_ has been relatively 
difficult to accomplish. Early attempts using the hydrogen 
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reduction of TaCl 5 and BC1, were not successful and resulted in 

the deposition of single phase tantalum or unsatisfactory multiple 

phase deposits. Thermal decomposition of the bromides has been 
4 

used to deposit single phase TaBj at temperatures above 1773K. 
5 Recent studies by Motojima and Sugiyama have successfully used 

the H,, reduction of TaCl- and BC1, to obtain single phase TaB, 

deposits on SiO- substrates. These investigators used very low 

flow rates (£0.4 ml/s) in the temperature range of 1123-1473K. 

These flow rates were one to two orders of magnitude lower than 

other investigators have used and resulted in the deposition of 

single phase TaB_. To produce TaB^ on a commercial scale, these 

flow rates would have to be increased considerably. Other attempts 

including those of the author to obtain TaB, at higher flow rates 

using H-, TaClg, and BC1, have not been successful. ' 

A logical alternative to producing TaB., at low temperatures 

(<1200K) is to change source gases. TaCl_ is a good Ta source 

gas because it is relatively easy to make using direct chlorination 

of Ta metal. Diborane, B.H-, is a logical choice as a B source to 

replace BC1, because it is thermally unstable in the temperature 

range of interest and it produces less corrosive by-products than 

BC1,. The basic CVD reaction is 

Ar TaCl 5 + B 2H,—«- TaB,, + 5HC1 + 1/2H 2 . (1) 

The purpose of this study is to determine fie feasibility of reaction 

(1) in the temperature range of 723-1200K. 
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Ta-B-Cl-H-Ar PHASE DIAGRAM 
A section of the Ta-B-Cl-H-Ar equilibrium phase diagram was 

calculated for the standard CVD conditions (for the atomic ratios 
g 

H/Cl = 0.76, Ar/H = 4.17) using the method of Randich and Gerlach. 
Fig. 1 shows this diagram for 800K and our laboratory atmospheric 
pressure of 8.4 x 10 Pa. Bulk compositions (or CVD operating 
points) for two reactant gas choices are shown. The square 
represents a TaClc, B 2H g and Ar mixture (the chosen standard con
dition) while the circle represents a TaClg, BC1,, H 2 and Ar 
mixture. Application of the lever rule shows that the gas mixture 
containing B 2H g would be more supersaturated in TaB- than the gas 
mixture containing BC1.,. This suggests that a larger equilibrium 
yield will result for the gas mixture containing B-H, (~3.3% vs. 
~1.0% for BC1-. Therefore, from thermodynamic considerations B-II, 
is a better choice for a B source than BC1,. 

EXPERIMENTAL 
The CVD apparatus is similar to that used by the author to 

deposit (Ti,Zr)B2 and (Ti,Ta)B2- It consists of a 6.5 cm diameter 
fused silica reactor, a separate Ta chlorinator end a mixing chamber 
for the B,H and Ar carrier gas. TaCl_ is produced by direct 
chlorination of Ta chips at 575K in a fused silica chlorinator 
3 cm in diameter by 25 cm in length. All TaCl,. passages to the 
reactor are maintained at 575K to prevent condensation of the 
chloride. B 2H, decomposes rapidly and polymerizes to higher boranes 
at temperatures slightly above ambient and cannot be heated before 
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entering the reaction zone. It is, therefore, brought in at room 
temperature via a separate chamber where it is mixed with Ar as a 
diluent carrier gas. Substrates and susceptor were Poco - AXF 5Q 
graphite and were heated with an RF generator. Temperature was 
controlled to + 5K with a Pt/Pt-10% Rh thermocouple inserted into 
the susceptor. It should be noted that B 2H, requires special 
handling and careful CVD procedures because it can be explosive 
and it is toxic. All venting of gas .nixtures containing B 2H g was 
done through an alcohol bubbler to react any remaining 3 2H g to ^2°3 

and H 20. Thorough purging of the system before and after the CVD 
reaction was done using Ar. Standard conditions were: B/Ta = 1.33, 
H/Cl = 0.76., Ar/H = 4.J.7, and total gas throughput: = 20 ml/s. Pre
liminary measurements showed that the chlorination of Ta was not 
complete and some unreacted C1- was passed into the system. The 
chlorinator output had an atomic ratio Cl/Ta of 5.64 + .15 indicating 
an 88.6% conversion efficiency of Cl_ to TaCl,. 

Analysis techniques included optical metallography, SEM and 
x-ray diffraction. Vicker's microhardness was measured at 50 g 
load using a Shimadzu type M tester. Carbon analysis was performed 
with an ARL-EMX electron beam microanalyzer equipped with a dif
fraction grating having a line spacing of 600/mm. B/Ta ratios 
were determined by atomic emission spectroscopy using inductively 
coupled plasma (ICP) excitation. The ICP samples were prepared 
by dissolving the deposits in a solution of 83% HNO, and 17% HF 
acid. Commercially available standards of Ta and B were made up 
in a similar fashion. 
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RESULTS AND DISCUSSION 
TaB, coatings were obtained in the temperature range of 773-

1200K according to reaction (1). The coatings were fully dense 
and adherent on graphite, tantalum, Kovar and A1.0, but not on 
low carbon steel. Graphite was chosen as the standard substrate 
material to facilitate interpretation of x-ray diffraction data. 

-3 2 Deposition rates varied from 6.0 x 10 mg/cm s at 773K to 9.3 x 

10~ 3 mg/cm2o at 1023K. 
At low deposition temperatures, the TaB, coatings had extremely 

fine crystallite size but as temperature increased so did crystal-
linity (Fig. 2) . X-ray diffraction peak broadening is substantial 
and can be due to either fine grain size or non-uniform strain in 

9 
the coating. It is, of course, not possible to distinguish between 
the two sources of peak broadening. The temperature dependence of 
the broadening shown in Fig. 2 most probably indicates very small 
crystallites. Use of the Scherrer formula, which is strictly 
applicable only to strain-free materials, should give a reasonable 
estimate of the crystallite size. At 773K, this estimate is ~50 A 
while at 973K it is ~105 A. These extremely fine grain sizes 
correlate well with the observation that attempts to metallographically 
etch the coatings revealed no grain boundary structures. The peak 
broadening, e.g., the crystallinity of the coating deposited at 773K 
is equivalent to that observed by Motojima and Sugiyama at 1223K 
using BC1 3 as a B source gas. At 1073K these investigators observed 
only Ta deposition so there is no way to compare results directly 
at lower temperatures. The present study indicates a high degree of 
crystallinity at temperatures of 973K and above. 



B/Ta atomic ratios measured usingficp] ana*|ysis varied with 
deposition temperature 'Fig. 3). At temperatures below 873K the 
coatings contained co-deposited B which from x-ray analysis 
appears to be amorphous, above 873K, the coatings were sub-
stoichiometric in boron. The Ta-B binary phase diagram indicates 

1G stoichiometry limits for TaB, from TaB. „, to TaB, .,. The 
present study proposes the existence of the diboride structure 
down to TaB, ,- (Fig. 3) - clearly outside the expected limits. 
However, x-ray results for the substoichiometric coatings show 
only TaB, peaks. Many of the boride - carbide - nitride systems 
of the transition metals are solid solution series; therefore, 
impurity elements such as carbon, oxygen or nitrogen may be sub
stitutional for boron on the boride lattice and stabilize the 
diboride structure. Of these, carbon is the most likely cardidate 
because of its abundance in the CVD system as the substrate and 
susceptor. Carbon contents of the coating are shown in ?ig. 3. 
The results shew a definite trend: carbon content increases as 
boron content decreases. Quantitatively, the carbon content does 
not compensate entirely for the boron deficiency. For example, 
at 923K the measured B/Ta is 1.59. To have sufficient substitutional 
carbon to meet the lower stoichiometry limit of Ta(E,C), „, (e.g., 
TaB. _gC , 3) requires 1.3 weight % carbon (8.2 atomic % ) . The 
measured amount is~0.65 weight % (4.1 atomic %) or only half of 
the necessary amount. Likewise, at 1023K the measured amount is 
—1.0 weight % or less than half of the necessary 2.4 weight % 
needed to obtain TatB.C). . The lack of a sufficient amount of 
a substitutional element is attributed to the semiquantitative 
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nature of the carbon analysis as well as the possible presence 
of other substitutional species. 

Hardness of the coatings is a strong function of deposition 
12 

temperature (Fig. 4). The reported hardness of TaB, is VHN 2500. 
Deposits produced above 873K show good agreement with other investi
gators. Below 873K, the hardness drops off rapidly. This is 
coincidental with B/Ta ratios in excess of 2.0/ e.g. with the 
appearance of amorphous boron in the TaB_ and with the decrease in 
crystallinity of the deposits (Fig. 2). 

CONCLUSIONS 
Thermodynamic considerations show that the use of either BC1, 

or B 2H, as B source gases should result in the deposition of TaB-
in the temperature range of interests. Since the use of BC1, is • 
successful only at very low flow rates, the reaction kinetics 
in a flowing CVD reactor must play an important role in determining 
which condensed phases form in the Ta-B-Cl-H system. Experimental 
results show that using B 2H, results in rapid deposition of hard, 
crystalline TaB, at temperatures where Fe-based alloys cap be used 
as substrates. Under certain conditions, impurities such as carbon 
which are substitutional for B apparently stabilize the diboride 
lattice well beyond the expected limxts of B/Ta stoichiometry. 
Such impurities do not affect the hardness although lack of 
crystallinity and co-deposited amorphous boron substantially 
decrease hardness. The results show that E_H, is an excellent 
replacement for BC1, as a boron source for the CVD of TaB., and 
could possibly be used for the CVD of other refractory metal borides. 
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Fig. 1. Section of the Ta-B-Cl-H-Ar phase diagram at 800K 
for standard CVD conditions. Bulk compositions for 
BjHg and BC1, sources gases are shown as «and«l 
respectively. 

/ W***/ \ 

Pig. 2. X-ray diffraction profiles for deposition 
temperatures of a) 773K, b) 873K, c) 9 73K 
(CuK radiation). 
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Fig. 3. Effect of deposition temperature on B/Ta ratio 
and carbon impurity content. 
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Fig. 4. Effect of deposition temperature on hardness. 


