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Low Turn-On \Voltage Field Emission Triodes With
Selective Growth of Carbon Nanotubes

K. J. Chen, W. K. Hong, C. P. Lin, K. H. Chen, L. C. Chen, and H. C. Cheng

Abstract—A low turn-on voltage, field emission triode array
has been fabricated using the selective deposition of carbon
nanotubes (CNTs) in a microwave plasma chemical vapor de-
position (MPCVD) system. The field emission triodes exhibited
a low turn-on voltage of 13 V and a large emission current of
23 pA with the gate voltage at 60 V. Short-term stress reveals a
10% current fluctuation within 1800 sec. The excellent electric
properties suggest that the array shows potential for application
in field emission displays and vacuum microelectronics.

Catalyst metal

Index Terms—Carbon nanotubes, field emission display, field
emission triode.

|I. INTRODUCTION

ARBON NANOTUBES (CNTs) are increasingly at-
tracting attention due to their potential in applications in
vacuum microelectronics. Several groups [1]-[5] have demon-
strated the low turn-on electric field properties and extremely ... .
large emission currents of the CNTs field emission diodes. @
However, the driving voltage of the diode type field emission
devices remains prohibitive. Lowering the driving voltage i5'9-
crucial in field emission device applications, such as field
emission displays, to reduce the cost of the driving circuits.
Triode type field emission devices employing arc-produced Fig. 1(a)—(d) presents the fabrication procedure of the CNTs
CNTs were thus demonstrated to reduce the driving voltadield emission triodes. The fabrication process begins with
Lee, et al.[6] fabricated a gated CNT-FED by utilizing a metathermal oxidation and poly Si deposition; the thicknesses
mesh as the gate electrode, and achieved a turn-on voltagee 450 nm and 200 nm, respectively. The poly Si layer
of 100 V. Wang,et al. [7] demonstrated a triode type fieldwas doped using a POCkource following the removal of
emission display with a specific filling method to reduce théhe backside poly Si and SO The pattern was formed by
operational voltage: a low turn-on voltage of about 25 V washotolithography and etched by RIE, as displayed in Fig. 1(a).
obtained and the emission current reached 0A3for a gate The patterned sample was continuously wet-etched in poly
voltage of 50 V. The gate— induced electric field must b8i etching solution, and the under cut of the poly Si gate was
increased by shrinking the gate aperture, to diminish the galteis formed as a gate-to-emitter gap to avoid the short circuit
voltage. However, shrinking the gate aperture is difficult usingroblem. Subsequently, a thin layer of 15 nm-thick iron was
conventional arc-produced CNTs. In this work, CNTs fieldieposited as the catalyst metal for CNTs growth, as shown in
emission triodes were fabricated by IC process and selectiig. 1(b). Following the lift-off process, the CNTs layers were
growth of CNTs via MPCVD. The fabricated device exhibitedelectively grown in the emitter areas by MPCVD, as shown in
a low turn-on voltage of 13 V and an extremely high emissioRig. 1(c) and (d). The reaction gases were,CN,, and H,
current of 23uA for a gate voltage of 60 V. and the flow rates were 20, 80, and 80 sccm, respectively. The
microwave power was kept at 1.2 kW and the chamber pressure
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Fig. 3. (@) Field emission current versus gate voltage, with anode was set at
600 V and (b) F-N plot of the fabricated device; the linearity clarifies the field
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Fig. 2. (a) SEM micrograph of the CNTSs triode array. (b) SEM micrograph ol

the CNTSs triode device. 144 ]
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Fig. 2(b) is the SEM micrograph of a single triode device. The % T Sy N
interelectrode gap between gate and emitter formed by the w084 -
etching process is about Q.61 and no interconnection between 0.6 ]
the poly Si gate and CNTs was observed. 0.4 ]
The fabricated device was characterized by an ultra-hig 02 1

vacuum measurement system and the environment was ma
tained at 10° torr. The P22 phosphor coated ITO glass was \
applied as the anode. During measurement, the anode w Stress time (sec)

set at 600 V and the distance between the anode and the _ _ _
CNTs triode array was about 45@m. The gate was kept atg:sg.\;l. The current fluctuation versus stress time as the gate voltage is set at
50 V at poor vacuum for 10 min to evaporate the absorbents
before measurement. Fig. 3 depicts the current-vol{®3y8
characteristics and the F-N plot of the low turn-on voltage
CNTs triode array. The linearity of the F-N plot clarifies the A CNTs based field emission triodes array with low turn-on
field emission phenomenon. The turn-on voltage, defined asltage has been successfully fabricated. The CNTs emitter was
the voltage at which the F-N plot becomes linear, is 13 V. Theelectively deposited on the patterned iron layers within the
emission current exceeds 22 when the gate voltage reachesemitter area by MPCVD. The gate to emitter distance was well
60 V. Short-term reliability of the fabricated devices was alstontrolled by the wet etching process to avoid the short circuit
investigated. Fig. 4 reveals the stability of the emission curreproblem between the gate and the CNTs emitter. Fabrication
The fluctuation was about10% over 1800 sec when the gates an easily controllable, self-aligned, and well-established IC
voltage was set at 35 V. process. The field emission properties imply a low turn-on gate
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voltage of 13 V and an extremely high emission currentgi23  [2]
at 60 V. The emission current fluctuation w&40% over 1800

s. These excellent properties suggest that CNTs field emissio
triodes have potential in vacuum microelectronic applications

and flat panel displays. [4]
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