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Anomalies have been found on the initial portion of the volt-ampere (V-A)
characteristic of a diode with a single-crystal tungsten cathode. The anomalies
appear on the V-A characteristic, starting at some threshold value of the cathode
temperature T = 6Oy, O which is the characteristic thermal emission
temperature. It is assumed that the effect is caused by the emission of electrons
formed during the recombination of thermal defects.

PACS numbers: 85.10. — n

1. A planar-geometry symmetrical vacuum diode (Fig. 1) was designed and built
for studying the thermionic emission of the differential crystallographic planes (faces)
of metallic single crystals. The specific design of the device was chosen as the result of
a numerical calculation of the distribution of fields in such a manner that the devi-
ations from a uniform electrostatic field between the cathode and anode would not
exceed 0.1-1%. The cathode and anode were identical faces of the same single crystal.
The experimental results for the tungsten (100) face are presented below. The purity of
the specimen was 99.999 mass%. The accuracy of the determination of the faces
(~30") was checked by means of Laue patterns. The cathode temperature was mea-
sured with a standard EOP-66 pyrometer. The measurement error was + 5 K within
the 1600-2200 interval.

FIG. 1. Symmetrical planar diode. 4, K are
anode and cathode assemblies. 1—cathode;
L == 6 mm diameter, ~ 1 mm thick; 2—cathode
base; 3—heater (bifilar spiral); 4—guard
cylinder; 5—guard ring; 6—“blackbody”
model; 7-—opening for making pyrometer
K readings.
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FIG. 2. V-A characteristics of diode. Curve parameter is the cathode 7"°K: 1-—1708; 2—1783; 3—1920; 4—
1; 5—1996.

The diodes were mounted in a dismountable metal vacuum chamber with an oil-
free pumping system. The limiting vacuum in the chamber was 510" torr; the
residual gas pressure during the V-A characteristic measurements did not exceed
5% 10 torr with the cathode hot. The V-A characteristic was traced by means of
PDS-021 and “Watanabe” x-p recorders. Typical curves are shown in Fig. 2. Figure 3
shows the initial portions of the V-A characteristics at an enlarged scale.

2. The major experimental results consist of the following. A characteristic ther-
mal emission temperature 7' = O exists for the cathode, which divides the family V-
A characteristics into two qualitatively different types. The low-temperature V-A
characteristics, measured for 7' < @+ (1,2 in Fig. 2 and 1,2,3 in Fig. 3), form a fan of
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curves that diverge from approximately the origin, are continuous at each point and
have continuous first derivatives. The high-temperature V-A characteristics, measured
for T> O (3,4,5 in Fig. 2), have clearly evident regions caused by the electron space
charge. In these regions the V-A characteristics nearly merge. In the initial portions of
the high-temperature V-A characteristics (3,4,5 in Fig. 2 and 4,5,6 in Fig. 3) anoma-
lies- “steps” appear. The anomalies become more prominent with the increase in the
cathode temperature. For the (100) face of the tungsten single crystal the temperature
O, = 1810 + 5K, for the tungsten (111) face O, = 1860 - S K.

The causes of the described anomalies of the V-A characterstics may be associat-
ed with the changes in the properties of the tungsten single crystals due to the tem-
perature or to unique features of the diode electron plasma. Control experiments were
performed in order to resolve this alternative. In the first series of control experiments
the V-A characteristics were measured for diodes with different cathode-anode spac-
ings. The major results are quite repeatable and do not depend on the cathode-anode
spacing as it varies from 0.7 to 1.8 mm. In the second series of control experiments the
V-A characteristics were measured for diodes with single-crystal anode and high-
efficiency tungsten-barium thermocathodes. No anomalies of the V-A characteristics
were observed in these diodes.

Thus, it can be assumed that for T>6 the state of the tungsten single crsytal is
altered. As a result of this change, electrons are generated in the single crystal at
T>Oqg that are fast compared with thermal electrons; the V-A characteristics in Fig.
3 extend to 1 V in the retarding voltage region.

3. Let us consider a possible physical picture of the phenomena leading to the
observed anomalies. It is known that with an increase in the temperature to the melt-
ing point high-temperature corrections, in particular corrections caused by thermal
defects (TD) of crystals,’’ make an every greater contribution to the equation of state
of the transition metals and alloys. The present-day concepts of TD as localized ob-
jects, to all appearances, are valid up to some temperature 7~ Oqg . If this is so, then
recombination of the TD is possible in the high-temperature region 7'> O .

Let us assume that the excess energy, released during the recombination of a pair
of TD, is transferred to an electron. Simple estimates show that in such a process the
electron should be raised to an energy level lying above the vacuum level. In fact, twice
the TD formation energy in tungsten amounts to'>' 6.3 ¢V, while the work function of
the (100) face is equal to 4.5 eV according to our measurements.

Consequently, in addition to the usual thermoelectrons the transition metals at
T>6yg can emit electrons that are formed in the recombination of thermal defects. To
all appearances, this mechanism explains the observed anomalies of the V-A
characteristics.

The anisotropy of the recombination electron emission phenomenon is directly
related to the work function anisotropy.

The authors wish to thank the participants and leaders of the seminars of Profes-
sor N. B. Brandt and Professor A. A. Rukhadze for their well-intentioned criticism
and interest in this work.
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