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Abstract

In this study, we used methafmarbon dioxide gas mixtures to deposit nanoemitters on the gate-structured metal—insulator—
semiconductofMIS) diodes. Due to the nanoemitters growing in a high carbon concentration gas sourcg/@@Hthe growth
rate is better than conventional mixtures by using hydrocarbons diluted in hydrogen. Moreover, the bias also promotes the growtt
rate in the CH/CO, gas mixtures. In addition, selected area deposit®AD) of emitters was successfully achieved by using
the Pt layer as inhibitor in the bias assisted microwave plasma chemical vapor depGBABHPCVD). The field emission
current and the current density of nanoemitters on field emission atfyAs) are 154pA and 490 mA cnT? , respectively.
This may be due to the following reason$) short gate-emitter spacingtl) small gate aperture; andil ) emitter with a sharp
feature.© 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction itters by using a Pt layer as a nucleation inhibitor is
also successfully completed in the CVD process.

The emission of electrons from the surface of diamond
and diamond-like carbor(DLC) films has attracted
much attention due to its potential application in cold
cathode devices. Diamond possesses negative electrog
affinity (NEA), in addition to remarkable characteristics
such as large thermal conductivity and being chemically
inert. Many studies have focused on fabricating diamond
films [1] or diamond-clad silicon field emission arrays
(FEAS) [2].

The most popular gas mixtures for the chemical vapor
deposition(CVD) of diamond are hydrocarbon diluted
in hydrogen. Therefore, hydrogen is a very high per-
centage in the gas mixtures and the diluted hydrocarbon
gas is the only source of carbon. In this study, we used
methangcarbon dioxide to deposit carbon nanoemitters
in triode-type FEAs without hydrogen dilution. Further-
more, the selective area deposititBAD) of nanoem-

2. Experiment

The fabrication process of the metal—insulator—semi-
onductor (MIS) diode and diamond-like deposition
procedure have been previously preser{@d First, we
made the MIS diode structure by semiconductor process
technology. Starting substrates were mirror-polish n-type,
(100) oriented wafers with a resistivity of 4:65.5 ()
cm~1. After fabricating the MIS diode, specimens were
put in the bias assisted microwave plasma chemical
vapor deposition(BAMPCVD) system to deposit dia-
mond with various deposition parameters. Fig. 1 shows
the cross-section of the triode-type structure. The reac-
tive gases used in deposition were the mixtures of CH —
CO,. The flow rates of CH/CO, and deposition time
remained constant at 80 sccm and 15 min, respec-
tively. While processing the deposition, the specimens

— were subjected to a negative bias voltage. Table 1 lists
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Fig. 1. The schematic cross-section of a triode device structure.

micro-Raman spectroscopy was used to identify the
quality of emitters, and ard—V measuring system to

obtain their field emission characterization. The field
emission properties of the FEAs were measured by
using a triode technique. An anode plate, an ITO glass,

A TR

25.08kV X48.0K "~ ‘458nm

Fig. 3. SEM photograph of sample B growing under 130 V.

was placed at 10p.m above the Pt-gate and was biased
to +800 V. The anode curren,) was then measured
as a function of gate-to-cathode bias voltage in a vacuum
of 1xX10~° torr. The gate-to-cathode voltag¥,.) was
biased from 0 to 50 V. During testing, the device was
in a common emitter configuration and both the anode
and gate being positive potentials to turn the device on.

Table 1
Deposition conditions of nanoemitter

Sample Flow rate CH/CO, Negative bias Deposition time

A~ A (sccm V) (min)
I
N ' A 30/30 120 15
N ‘._.-A B 30/30 130 15
25.8kYV X40.0K “45@nm C 30/30 150 15
D 30/30 180 15

Total pressure 15 torr; microwave powet 300 W; Substrate temp.
Fig. 2. SEM photograph of sample A growing under 120 V. =750°C.
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Fig. 4. SEM photograph of sample C growing under 150 V. Fig. 5. SEM photograph of sample D growing under 180 V.

3. Results and discussion

Figs. 2—5 show SEM photographs of nanoemitters
growing under different bias. Each picture is only one
of the 50x 50 circles on the FEAs. Every picture in the ] 4 3
bottom side is an enlarged image of the top one. The . #
width and the depth of the hole arepdn and 7000 A, ] “
respectively. Under the bias below 130 V, there is only ] i i
low density of tiny tips inside the hole. Fig. 2 shows a
SEM photograph of the nanoemitters growing under 120 i
V. Once we increased the deposition time, which is over ] i W i
15 min, not only inside the hole but also on the Pt-gate T v (3B 5 A utace 180V

H .
. . . F\ S’ | i
were carbon materials. Indeed, the carbon materials may ] w_..wv/, \ ,ﬁ ::gi

replace the Pt to form the carbon-gated FEAs. In the 1 T e e 120V
worst case scenario, this phenomenon will taint the o 3 e o e oo 2
V measurement because the field emission current may-

be inexact because of the influence from both the
nanoemitters and carbon-gated surface. Figs. 4 and &rig. 6. Raman spectra of nanoemitters growing under different applied
display that higher bias drastically enhances the growth bias.
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The region for diamond growth is indicated in the
. C—H-Odiagram presented by Bachmann et[@]. The
500 parameter range for diamond deposition from ZH
] CO, is narrower than the CiAH,. The molar ratio of
CH,/C0,=1.08~1.63 is needed for diamond growth.
- In terms of the ratio of €O, the range is from 1.04 to
~1.31. When the ratio is out of this range, the graphite
is found on the deposit. In other words, the growth
conditions are very restrictive. Nevertheless, due to the
S difference of various deposition conditions such as
microwave power, pressure and substrates, etc., the
. ._,-..- results maybe change. In this study, the volume ratio of
CH,/CO,=1 is used.
Fig. 6 shows Raman spectra of emitters growing
o 1 20 3 4 s under applied various bias. We find there is no obvious
Gate Voltage V_, (V) difference among these spectra. All of them have two
) sharp peaks located at approximately 1355-¢ém  and
Fig. 7. (a) The emission currentl,) vs. the gate voltagéV.) and 1582 cm'! | respectively. These imply that the nanoem-
g.7.(a a g g€V, ) o . . )
(b) the emission current density,) of nanoemitters growing under  itters are characteristic of microcrystalline graphite. The
130 V on FEAs. Raman spectra of amorphous carbon can be decomposed
into two features located approximately at 1550 ¢m
rate of nanoemitters. However, this leads the triode-type (corresponding to the G-line associated with the opti-
device to a diode structure because of the emitterscally allowedE,4 zone center mode of crystalline graph-
exceeding the height of the hole. ite) and 1350 cm* (roughly corresponding to the D-line
Examining Figs. 2-5, we get the following results. associated with disorder-allowed zone-edge modes of
(1) The applied bias can enhance the growth rate of graphite. The positions, widths, and relative intensities
nanoemitters with CE/CO, gas mixtures in CVD proc-  of these two peaks are found to vary systematically with
ess. Moreover, the higher bias is applied, the higher deposition conditions and emitters’ propert[&s8]. The
growth rate is obtained. The bias effect is also valid for intensity of these two peaks is the same. This indicates
the hydrocarbon diluted in hydrogé4l. (I1) The growth that there is much amorphous carbon in the samples.
rate of CH,/CO, gas mixtures is better than the con-  Fig. 7 displays the electron-emitting characteristic of
ventional gas ChH/H, [5]. This is due to the nanoem- the nanoemitters growing under 130 V on FEAs. If the
itters growing in a high carbon concentration gas source applied bias is above 130 V, the emitters will grow over
of CH,/CO,. (lll) In addition, the deposition under the hole. This indicates that the emitters exceed the
high bias will cause higher density, larger and sharper height of Pt-gate. Under this condition, the device
nanoemitters. Thus, emitters with sharp features havebecomes diode structure instead of triode-type one. The
small radius curvature and high aspect rafit/) All field emission currentl,) of nanoemitters from all of
the emitters directly grow upward under bias condition. the holes on FEAs is approximately 15 (at gate-
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to-cathode voltagey,.=50 V). A display requires at rate is better than with conventional mixtures by
least 1 mA cm? to excite the phosphorus pixel. Thus  using hydrocarbons diluted in hydrogé@H,/H.).

the emission current densi€y.) obtained from nanoem- 3. The higher bias is applied, the higher the growth rate
itters on all holes is approximately 490 mA crh . obtained in the C/CO, gas mixtures.

Therefore, the higher emission current density of the 4. The emission current and current density for the
nanoemitters on FEAs is due to the following reasons: nanoemitters on FEAs are 154A and 490 mA

(1) short gate-emitter spacingtl) small gate aperture; cm™2, respectively. The turn-on voltage is approxi-
and (lll) emitters possessing sharp feature with small mately 13 V. This is due to the effect ofl) small
radius [9,10. It has been shown that the tip radius of  gate aperture(ll) the short gate-emitter spacing; and
curvature and the gate aperture influence the field (lll) emitters possessing sharp features with small

enhancement fact@ most significantly; i.ef increases radius.
rapidly as tip radius and gate aperture decrefd<se-
13].

The threshold voltagéVy,) is defined as the intersec-
tion of the F—N plots shown in Fig. 8 with the abscissa.
The threshold voltagéV,,) is approximately 13 V for _ . .
the nanoemitters. Due to the smaller gate aperture; 3 f‘ﬂ'ateV\ﬁatfgf‘;géDMélgeQUCh" M. Kitabatake, Diamond Relat.
dlameter.and shallower gate structure, a field emission 3] N.J. she, A Study of Application and Characterization of
can be triggered at a lower threshold voltage. However, Diamond Thin Films on Field Emitter Arrays, Master’s Thesis,
there is a saturated currentigt.=50 V for nanoemitters Chiao Tung University, 1996. _
on FEAs. This phenomenon is caused by the fact that [3! C.F Chen, H.C. Wang, H.C. Hsieh, Jpn. J. Appl. Phys. 39

the dielectric laye(SiQ,) in the developed pattern may [4] (82031%38'?'0;2?18; T. Kimura, T. Muto, Appl. Phys. Lett. 58
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