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Even though surface treatment has proven useful for both metal and diamond field emitters, there is at this time no study of
its effects on AIN emitters. In this study, a 7 nanometer film of AIN deposited on molybdenum emitter tip was treated with
different gas plasmas (H, O, N,). All surface treatments and measurements were carried out by using an-situ technique
inside the magnetron sputtering chamber. Changes in the measured I-V curves were not observed for the emitter treated with
either hydrogen or nitrogen plasmas, but were observed for the oxygen plasma treatment and after the deposition of a very
thin (<10A) aluminum film. The aluminum film deposition was very effective at enhancing emission from a Mo tip coated with
AIN. This may be explained by lowering of the surface barrier due to the electronegativity difference at the surface.
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Introduction Before AIN deposition the Mo tips were treated with
an Argon plasma for two minutes to remove any
Electron emission from Wide Band Gap (WBG) possible surface contamination. An ultra thin AIN layer
materials has been gaining interest due to their poten-was deposited by reactive sputtering for 15 seconds at
tials for possible application in Flat Panel Displays 200°C in a N-Ar atmosphere with the J{N,+Ar) ratio
(FED). Since WBG materials generally have high of 0.75. The base pressure was>31® "’ Torr. These
melting points, high thermal conductivity, low electron conditions result in a coating layer approximate-
affinity, and are chemically inert, they have been ly 7 nm thick, as measured by Transmission Electron
considered as coating materials for gated and ungatedvicroscopy (TEM).
metal tip arrays [1]. When coating sharp emitters, the A schematic drawing of the I-V measurement set up
major practical factors to be considered are the for in-situ measurement and plasma treatment is shown
thickness [2-4], and surface condition of the coating in Fig. 1. Details of the system and procedures can be
layers [5, 6]. However, most of the previous studies [2, found in Reference 3. The AIN coated emitters were
4, 5, 6] were focused on diamond and carbon relatedsequentially treated with hydrogen, oxygen, and again
materials. There are only a few [7-10] studies on AIN, with hydrogen plasma within the deposition chamber.
but these show that AIN has properties similar to Following the plasma treatment, aluminum (10A) was
diamond. More importantly, there is no study on the deposited on the tip by sputtering an Al target with the
effects of surface treatment on electron emission from magnetron for 6 seconds. The effects of nitrogen
ultra thin AIN coated Mo tips. In the present work, this
is accomplished by using an-situ |-V measurement | |

technique that allows repeated deposition and mea- :
surement on the same tip without exposure to the| . e
atmosphere. o —|
TIP Preparation, AIN Deposition S
and Experiments [ ;'
Molybdenum field emitters were fabricated using an T
electrochemical polishing in KOH solution [2]. The
typical radius of curvature of the tip was about 100 nm.
- 4 rarpm e comirrd kad High volinpe ; .
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E-mail: dkang@eos.ncsu.edu Fig. 1.Schematic drawing of situl-V measurement.
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Table 1.The experimental conditions of surface treatment T Al LARA ML 1T ALl TS R AL HRAT

RF power  Treatment

Gas Pressure (Torr) (Watts) time (mins) 3
Hydrogen x10" 39 2 o i
Oxygen X101 38 2
Nitrogen x10t 39 2 2 ]
Aluminum 3x107° Torr (Argon) DC modulated 6 seconds E 3
&=

E 1
o 3

plasma treatment were studied with using another Mo §
emitter coated with AIN under identical deposition g sy E
conditions. The details of experimental conditions are & 1
shown in Table 1. After each treatment, |-V characteri- 1 1
stics were measured immediately by a computer-con- i E
trolled in-situ technique. 1
1
. . o™ L 4 / ' 3 9 F
Results and Discussion o e g o e 1,,

i . Applied wollage (K
The coating thickness and morphology were measur- Fig. 3.1V characteristics of AIN coated Mo q tedtol
H H H 1g. o.1-V characteristics O coate O up as deposite ac
ed py TEM as shown in Fig. 2. The. thickness of the squares), then treated in sequence bylelsma, @ plasma, H
coating layer was about 7nm and it showed a Very pasma again and finally aluminum.
smooth and continuous surface. Because of this we

believe that there is no change in emission characteri-

stics by a roughened surface or by nano-protrusions. " ,r = SV 1

Figure 3. shows I-V characteristics of the emitter 1n'i— e';ﬁf'- .

before and after surface treatment by different plasmas E ;‘i‘

and aluminum depositions. Emission started at 620 V z 1" ¢ -, 1

for the as-deposited tip with a cathode to anode & ‘5 l‘lr

distance of using a point to plane geometry. 5 I oo 1
Hydrogen plasma treatment, which has a big influence ¢ . .. '.'f“ 1

on diamond, did not significantly change the emission & !- g’?ﬁ

from the AIN coated Mo emitter. On the other hand, £ 1 E- - .

oxygen plasma treatment had strong adverse effects or [ e =]

emission, similar to the results found for diamond [6]. 10 ["'”-“""F' ] =l

Nitrogen plasma treatment on another tip did not -

influence the emission characteristics (Fig. 4). Lt ¥ o S T S
A surprising result is that an ultra thin layer of Apclied voltags (KV)

Fig. 4. 1-V characteristics of AIN coated Mo tip treated by N
plasma.

aluminum enhances emission in AIN coated metal tips.
In addition, the aluminum deposition results in a great
improvement in emission stability. Weids al [11]
reported that a thin titanium layer changes the electron
affinity of certain diamond surfaces from positive to
negative, and consequently emission is enhanced. How-
ever, this is the first observation that an ultra thin
aluminum film improves electron emission from AIN.
It should also be noted that this thin aluminum layer,
probably a few monolayers, might also have oxidized
and produced a form of aluminum oxide, but this
would be impossible to determine at this point in time.
Electronegativity, defined as the ability of an atom or
molecule to attract an electron to itself, is a very useful
term in predicting the surface dipole direction [8].
Fig. 2. TEM image of Mo tip coated with 7nm of aluminu Table 2 shows electronegativity of some selected
nitride. elements.
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Table 2.Electronegativities of selected elements ing the electron emission characteristics of AIN coated
H 51 = 2.0 Mo tips. Hyd_rogen plas_ma and nitrogen plasma treat-
ments have little or no influence on emission, but oxy-

c 2.5 Li 1.0 gen plasma results in a significant decrease in electron
N 3.0 A'_ L5 emission. A very thin aluminum deposition results in a
o 35 S_' 1.8 strong increase in electron emission. We propose that
Cs 0.7 Ti 15

the effects of oxygen plasma and aluminum deposition

are due to a change in the surface barrier by a strong
Since the direction of the surface dipole influences surface dipole. Furthermore, the magnitude and direc-

the surface barrier with regard to electron emission, tion of the dipole can be predicted by the difference in

these values could explain electron emission characteri-electronegativity between the underlying and terminat-

stics as well. For example, in the case of oxygen ing species.

plasma, the surface dipole direction is toward the bulk,
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Plasma treatment is a very effective process in chang-
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