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LANTHANUM HEXABORIDE (LaB6> RESISTIVITY MEASUREMENT* 

M. D. Williams, L. T. Jackson, -D. O. Kippenhan, 
K. N. Leung, and M. K. West 

Lawrence Berkeley Laboratory 
University of California 

"Berkeley, CA 94720 

and 
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Kimball Physics Inc. 
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ABSTRACT 

LBL-2293l 

In the development of high power free electron lasers, intense electron 

beams are required. Large area, directly-heated lanthanum hexaboride cathodes 

have been proposed as the electron emitter. To aid in the design of the 

cathode, the resistivity of lanthanum hexaboride as a function of material 

density and temperature has been measured. 

* Supported by Lawrence Livermore National Laboratory under contract No. 
W-7405-ENG-48, and Lawrence Berkeley Laboratory under contract No. 
DE-AC03-76SF00098. 
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It has been known for some time that lanthanum hexaboride (LaB6) ;s a good 

material for use as an electron emitter. l •2•3 It has also been demonstrated 

that directly-heated LaB6 cathodes. either in the form of filaments or in a 

coaxial geometry can be operated successfully in a pla~ma source. 4•5•6 In 

some applications. such as high power free electron lasers. large area 

cathodes are required. A directly-heated LaB6 electron emitter has been 

proposed for the generation of intense electron beams. 7 By balancing the 

ohmic heating with the cooling power; the proper shape of the cathode can be 

computed. The resistivity of LaB6 is an important parameter in the 

computation. However. there is little available data on the resistivity of 

LaB6 as a function of temperature and material density. To aid in the design 

of the proposed cathode. measurements of the resistivity of various densities 

of LaB6 at different temperatures have been performed. This paper describes 

the apparatus. test procedures and the results of these measurements. 

The manufacture of" solid lanthanum hexaboride is normally accomplished by 

~intering of LaB6 powder-under-various temperatures and pressures- to obtain 

the desired material density.l.8 In prinCiple. the maximum obtainable density 

is 4.7 g/cm3. Densities ranging from 60% to 95% of this value are readily 

available. Higher densities can be produced. but at a higher manufacturing 

cost. LaB6 material with densities lower than 60% is quite soft and 

structurally weak. and therefore is not suitable for cathode use. For high 

densities. LaB6 has ceramic-like properties in hardness and requires special 

tooling and techniques for machining. Most data available in the literature 

correspond to densities of 80 to 85%. which is the most common off-the-shelf 

material available. l •2•3•9 
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The experimental set-up is shown in Figure 1. The test apparatus was 

installed in a vacuum chamber equipped with a window which provided a full 

view of the LaB6 sample. An optical pyrometer (wavelength 0.65 microns) was 

used to measure sample temperature. The window transmission was separately 

checked with a reference light, and a transmission loss of approximately 2% 

l.-, was determined. An emissivity of 0.7 was used for correction of the observed 
. 9 

temperature. 

The LaB6 samples lO were cylindrical rods of approximately 0.63 cm diameter 

and 5 cm length. Material density of' the tested samples varied from·60% to 

95%. The test fixture was designed to hold the rods in compression between 

the current supplying contacts. The difference in voltage between two points 

on the LaB6 rod was measured with two voltage sensing contacts (typically 

2.3 cm apart). The central, most uniform temperature section of the LaB
6 
rod' ',';~ 

was chosen for the voltage measurements; temperature variations along the 

section were in the range of 2%. To avoid reactions with the LaB6, rhenium 

was used for all contact surfaces. 

Each LaB6 sample was in turn installed in the assembly. Current and 

voltage readings were first recorded at a very low current to establish the 

resistivity, p, at ambient temperature. Results of these measurements are 

represented by the five data points shown in the lower part of the curves in 

Fig. 2. 

The applied heater current was then increased gradually until the LaB
6 

temperature came within the pyrometer's range (- BOOoC). Voltage, current and 

~ temperature readings were recorded after allowing the sample to come to 

equilibrium. All LaB6 samples were tested several times at various 

temperatures to assure repeatability. It was found that all test runs were in 

close agreement. 
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Figure 2 is a plot of the measured resistivity, p. for six different LaB6 
densities as a function of temperature. It can be seen that p increases 

approximately linearly with temperature. For a given temperature, p 

decreases as the material density increases. Note that there is nearly a 

factor of four difference in resistivity between the 60% and the 95% material. 

For directly heated cathodes, the cathode resistance drops as size is 

scaled up. Thus to keep cathode impedances matched to conveniently available 

power supplies, it is advantageous to use the lower density materials for 

1 arger cathodes. 

Looking at Fig. 2, it can be observed that straight lines through the data 

points approximately intersect at the origin. Thus an empirical relatidnship 

between the resistivity, the density, and the temperature can be written in 

the form: 
n 

p = pI • T = A • 0 • T (l) 

where A and n are constants, 0 is the material density fraction (defined as 

the ratio of the measured density over the theoretical density), and pI is 

the resistivity coefficient. The resisitivity coefficient pI for each 

density is just the slope of the corresponding curve. 

Figure 3 shows a logarithmic plot of pI versus O. Because the data 

points lie roughly on a straight line, the On power law is a good 

approximation. Since 1n pI = 1n A + n 1n 0, the constants n and A can be 

obtained from the slope~ and from·the value of the curve at 0 = 1, 

respectively. -B -1 Hence n =. -8/3, and A = 4.1 x 10 Q cm K . Thus, a good 

(2) 
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Experiments are now planned to determine other LaB6 parameters such as 

coefficient of thermal expansion and emission density as a function of 

material density and temperature. 

This work is supported by Lawrence Livermore National Laboratory under 

contract No. W-7405-ENG-48, and Lawrence Berkeley Laboratory under contract 

No. DE-AC03-76SF00098. 
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Figure Caption 

Fig. 1 Apparatus for measuring the resistivity of LaB6 samples. 

Fig. 2. Resistivity of LaB6 asa function of temperature, for material 

density fractions ranging from .60 to .95. 

Fig. 3 Resistivity coefficient of LaB6 as a function of density fraction. 
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