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Gated silicon field emission cathodes have been fabricated by the self-aligned lift-off method. The
addition of a gold gate not only simplifies processing, but also facilitates easy packaging and
allows the placement of many devices on a single chip. Currents have been measured on 2500 tip
arrays which follow Fowler-Nordheim characteristics over several decades. Field emission from
these arrays begins at less than 20 V. Low frequency noise measurements exhibit spectral power
density indices from 1.18 to 1.55. Single tip and small array devices are being characterized.

Introduction

Low voltage operation is a desirable goal for most vacuum microelectronics
applications. The primary method of achieving this is by minimizing the tip to
gate spacing. Silicon field emission devices with very low operation voltages can
be fabricated using the common cap lift-off fabrication method.[1,2,3] This method
provides a means of fabricating cathode-gate structures with submicron gate
openings while not requiring expensive lithography techniques.[4,5] Additionally,
using silicon as the emitter material offers the advantage of oxidation
sharpening.[6] In this study, gold-gated silicon field emission arrays have been
fabricated which are capable of producing emission currents of 1 pA at gate
voltages of less than 20 V. By utilizing gold as the gate material, single tip or
array devices requiring only two masking steps may be fabricated quickly and
simply.

Fabrication

Gated silicon field emission devices having gate openings as small as 400 to 500
nm in diameter have been fabricated and tested. An example of a device having a
gate diameter of 800 nm is shown in Figure 1. The tips were formed in 1-10 Q-cm,
n-type silicon by reactive ion etching. We have extended our lift-off process using
angled evaporation of the gate metal as suggested by Urayama et al.[7] which
allows the formation of narrow gate openings. In this case, the process has been
simplified by the use of a gold gate. A 600 A gold gate 1s deposited onto a 100 A
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thick chromium adhesion layer at a deposition angle of 75 degrees to the
evaporation direction. The Cr/Au gate offers two advantages over other gate
materials used. First, both Cr and Au are unaffected by hydrofluoric acid,
allowing for simple final cap removal. Second. having a gold gate facilitates easy
packaging of devices containing many contacts such as addressable arrays. From
an experimental standpoint, many devices may be placed on a single die, thus
reducing the need for sample transfers. An example of a packaged multi-device

chip is shown in Figure 2.

Figure 1:
A single gated field emitter. Figure 2:

An SEM of a wire-bonded multi-device chip.
The gates and bond pads are part of the same
metal deposition. Devices include both arrays of
various dimensions and single emitters.

Measurements

Arrays of 50x50 emitters have been shown to produce gate controlled currents on
both metallic and phosphor-coated anodes located between 0.5 and 5 mm away
from the cathode/gate package. Anode currents vary from 1 pA at a gate voltage of
16 V to 15 pA at a gate voltage of 30 V. Figure 3 shows gate-voltage-controlled
anode current as a function of anode voltage. Fowler-Nordheim plots of anode
current and voltage at constant gate voltages are linear over several orders of
magnitude as shown in figure 4. Field emission parameters extracted from the



plot below give a field enhancement factor, B, of 127 and the total emitting area
estimated to be, A = 1.4x10-13 cm-2.
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Figure 3. A plot showing gate-voltage-controlled anode current for a 2500 tip array.
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Figure 4: Fowler-Nordheim plot of anode current as a function of gate voltage taken
from a 2500 tip array.

Emission currents have shown considerable amounts of noise which can visibly
be observed on a phosphor screen when the devices are operated at DC or low
frequency. This noise has been measured at low frequencies. An example of the
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noise spectrum data measured at a gate voltage of 25V and a pressure of 2x10-6

Torr is shown in figure 5. These data can be fit to the function for 1/f noise:

sH=-X, (1)
f}’

When this is done, 7, the spectral density index, is found to be in the range of 1.18

to 1.55, which is comparable to values measured in P-type devices having similar

substrate resistivity and no additional resistive layer.[8] The value of C, which is
dependant on the average current is, in this case, 1.76x10-11A2,
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Figure 5: Low frequency noise spectrum of a 2500 emitter array. Si = 1.76x10-11%{1.18
Summary

The above data was measured on arrays containing 2500 gated emitters. Smaller
arrays and single emitters have been fabricated and are being characterized. By
studying the various sized devices it should be possible to ascertain the number of
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emitters that are working in the larger arrays. This information will be useful in
studying the uniformity of the fabrication process. The various device sizes will
also be used to further characterize the noise.
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