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Abstract: To study the mechanism of current degradation of a cold cathode, the ougassing analysis of a field emission
diode with screen-printed carbon nanotubes( CNTs) cathode has been taken with a quadrupole mass spectrometer( QMS)
in an ultra-high vacuum (UHV ) system. It was found that H,,CO, and CO were outgassed from the diode during the
working process. The partial pressure of outgassing increases with the increased emission current density. The field emis-
sion properties of the cold cathode, such as turn-on field, threshold field and the emission current density, were largely
related to the pressure of the outgases. After the CNTs cathode had 1.5 hour field emission operation at 2.1x107 Pa total
pressure, the turn-on field and threshold field increased 29.4% and 50.0% respectively compared with their original
values. Due to the outgassing, the work function of CNTs cold cathode increased, while the field enhancement factor
decreased. Increasing the work function and reducing the field enhancement factor decrease the field emission character-
istics of the cathode. Therefore,the outgassing plays very important role in the current degradation for the field emission
devices.
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Fig. 1 Typical SEM image of a screen-printed Fig.2 The schematic diagram of the ultra high
CNTs cathode vacuum residual gas analysis system
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Fig. 4 The plots of the partial pressure vs field emission time
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Fig.5 The field emission current density as a function of applied field of the CNTs cathode measured after cathode operating 1.5 h
with 1.50 mA/cm? current density under different residual gases pressure, respectively. The inset is the corresponding FN plot
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Table 1 Turn-on field, threshold field,¢ and B for experiment A,B,C and D

FE Hia it/ (V/um) B {358,/ (V/wm) Uik o/ eV YA T B
E 1.7 5.6 5.00 4050
A 1.8 6.1 5.05 3950
B 1.9 6.9 5.20 3 600
C 2.0 7.6 6.25 3 400
D 2.2 8.4 6.45 2 700
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