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Abstract
High power microwave sources in Tera Hertz range are a 
growing need in various applications such as medical, security, 
communication, linear accelerators and colliders. Due to miniature 
structure of the THz devices, it is difficult to achieve high power by 
using conventional  dispenser (B-type) cathode due to low emission 
capability. Emission enhancement by several fold is possible by 
coating the B-type cathode with an alloy of W-2Re-2Os. Apart 
from high emission, the coating provides high uniformity which is 
a requirement for a better beam laminarity. Accelerated life studies 
shows a better longevity of this cathode as compared to a B-type 
cathode. The superior emission capability coupled with emission 
uniformity suggests that this cathode is a suitable candidate for  
use in THz devices where the emission requirement is more than 
50 A/cm2.
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I. Introduction
High-power Vacuum Electron Devices (VEDs) at millimeter-
wave and Terahertz (THz) range find applications in medical, 
communication, security, and imaging. The development of 
such devices demand cathodes of high current density, stable 
and uniform-emission. A conventional impregnated dispenser 
(B-type) cathode is made out of a porous tungsten button into 
which active materials are impregnated. Subsequent coating of 
high work function materials, such as Os, Re, Ir and/or their alloys 
enhances emission by several fold [1]. Another route to increase 
the emission is by adding Sc2O3 to the impregnant. Cathodes of 
very low work function less than 1.50 eV have been reported [2]. 
Improvement in emission is also possible by making the cathode 
pellet out of  different materials. Cathodes of work function 1.85 
eV have been reported [1, 3].

II. History of Development
The thermionic cathode work was started in early 1900 by simply 
heating pure tungsten wire. Subsequently thorium was added to 
enhance current density from 0.1 to 0.7 A/cm2. Oxide coated 
cathode was developed in 1940’s [4], capable of delivering 
emission capability of 1 A/cm2 cw operation. The modern dispenser 
L-cathode was developed by Philips Research Laboratories in 
Holland in 1950 [5]. Hughes, et. al [6] modified L cathode by 
pressing barium aluminate and tungsten powder. Levi and Hughes 
[7] found that further improvements could be made if the cathode 
was first formed from porous tungsten and then impregnated with 
barium aluminate. Around 1964, Scientists in Holland enhances 
emission by coating a thin layer of osmium, iridium, ruthenium 
or rhenium on top of the B type cathode. 
Researchers reported that the removal of coating film due to 
arcing or ion bombardment can be prevented by incorporating 
the enhancing material into the matrix [8-9]. It is also reported 
that scandium is the best candidate to enhance emission - though it 
offers emission non- uniformity. Researchers have improved non 

uniformity by adopting nano technology [2] using sol-gel methods. 
This technique remarkably enhanced the emission capability and 
improved the emission uniformity. A typical plot for historical 
development of dispenser cathode is shown in fig. 1.

Fig. 1: Historical Development of Dispenser Cathode

III. Experimental Work
The dispenser cathode was made and was coated with a ternary-
alloy having thickness of 5000 Å using a DC triode sputtering 
system. The fabrication details were  given in our earlier work 
[10-11]. Some of the cathodes were subjected to accelerated 
life tests and the remaining were tested in an analytical system 
containing: (a) Auger electron spectroscopy (AES) for studying the 
surface chemistry, (b) thermionic emission microscope (THEM) 
for studying spatial emission distribution, (c) anode for pulse 
emission measurements.
The schematic diagram, photograph of closed-space diode and 
I-V characteristics are depicted in fig. 2. The current-voltage (I-V) 
data were obtained at different temperatures of cathode and were 
plotted on Childs’ law plots to obtain work function. The current 
density of more than 80 A/cm2 were obtained. The work function 
of the cathode, as obtained using 73% slope method [1], is about 
1.75 eV. If 10% drop of saturated emission current occurred, the 
cathode was presumed to reach the end of the life. The life at the 
operating temperature of 9000C has been estimated using the data 
obtained from the accelerated life test data of diodes operated at 
11500C. The estimated operating life is found to be more than 10 
years of continuous operation.



IJECT Vol. 5, IssuE spl - 2, Jan - MarCh 2014

w w w . i j e c t . o r g InternatIonal Journal of electronIcs & communIcatIon technology  19

 ISSN : 2230-7109 (Online)  |  ISSN : 2230-9543 (Print)

 

Anode 

Glass Bell 
jar 

Cathod
e 

J2/3 

V 

             (a)  (b)          (c)
Fig. 2:(a). Schematic Diagram of Diode, (b) Photograph of Closed-
Spaced Diode, and (c) I-V Characteristics

The surface analytical results suggest that Ba/O ration is higher 
than that of a mature B-type cathode – suggesting that barium is 
in more metallic state. The metallic composition of W-Re-Os is 
in equal parts – though the original coating has the proportion of 
1:2:2. This is attributed to the inter-diffusion of three metals over 
the time with finally stabilizes to equal parts. 

Fig. 3: Emission Map of Alloy Coated Cathode

The emission uniformity was characterized using THEM by 
driving the cathode into deep space charge region. The system 
has: (a) an electrostatic immersion lens to produce the image by 
10 times, (b) deflection plates to deflect the beam, and (c) Faraday 
cage to collect the elemental currents. The data from faraday 
cage were analyzed in the form of work function histograms and 
emission maps using specially developed softwares. One of the 
emission maps is shown in fig. 3. It is found that the emission has 
a better uniformity as compared to that of a B-type cathode.  

IV. Conclusion
The dispenser cathodes coated with a ternary alloy exhibited 
excellent emission in terms of uniformity and work function. The 
improvement in emission is attributed to the formation of W-Re-
Os alloy of equation proportion. This high emission enables the 
cathode to be operated at a relatively low temperature resulting in 
longer life as compared to B-type cathode. The cathodes have work 
function of about 1.75 eV with emission capability far exceeding 
80 A/cm2 at elevated temperatures. The accelerated life test data 

show that the cathodes can be operated for more than 10 years 
of continuous operation, which is prime requirement for space 
application. This cathode could be a good candidate for use in THz 
devices where the prime requirement is of very high emission.
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