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Composite diamond-like carbon and silicon carbide tips grown
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A diamond-like carbor{DLC) and silicon carbidéSiC) composite tip structure was successfully
deposited on an oblique-cut ($11) substrate of terrace width less than 21.1 A. The DLC
morphology depended on the(811) terrace width in the oblique-cut @il1) surface. A continuous

and dense DLC film started to form on théRil) substrate of terrace width higher than 27.8 A. The
density of the DLC/SIiC composite tip also depended on the terrace width. The DLC films on the
Si(112) with or without oblique cut had about the same Raman characteristics regardless of their
different morphologies. The formation mechanism of the DLC/SIC tip structure was discussed.
© 2001 American Institute of Physic§DOI: 10.1063/1.1421427

The microfabricated field emitter has been an active responding terrace widths and the number of atomic rows for
search topic in the field of cold-cathode field-emissionthe oblique-cut §11) samples are listed in Table |. The
displays!~ Sharp tip shape and low work function, which oblique-cut Si111) substrates were cleaned with acetone and
enhance emission current at low electric field, are two majodeionized water and then put into a planar microwave
characteristics of an excellent field emitter. Carbon nanoplasma-enhanced chemical-vapor deposition systefhe
tubes have excellent field-emission properties mainly due tghamber was first pumped to a base pressure of 5
their sharp tube structuré$.Low-voltage field emission has % 1073 Torr, and H and CH, was then fed into the chamber
also been observed in microfabricated flat cathodes coatad ignite the CH/H, mixed plasma operated at 3000 W.
with diamond-based or diamond-like carb@LC) films.”®  DLC films were deposited on the oblique-cut(il) sub-

The lack of sharp tip structure of the DLC-coated cathodestrates at 200 °C and 0.18 Torr pressure through a two-step
has still attracted much attention based on the following reaphiased process. At the first step, the substrate was biased at
sons. First, the deposition of DLC film is a low-temperature—250 V and the CH/H, ratio was kept at 2% for a deposi-
and low-cost process. Second, uniform DLC films of largetion period of 0.5 h. The Cl¥H, ratio was then switched to
area are easier to deposit on Si than nanotubes or diamonggs, for a deposition period of 3.5 h at the second step. The
based films. Third, the DLC films also have excellent field-morphologies of the deposited samples were characterized
emission properties. The applied electric field can be loweredy using a JSM-6330F field-emission scanning electron mi-
to 3 V/ium while the field-emission current is in theA  croscope(FESEM in cross-sectional view. The deposited
range% In the past few years, the research direction on th%amples were cleaved along th¢130] direction in air be-
DLC field emitter has been to improve field-emission perfor-fore FESEM observation. The chemical information of the
mance by controlling the’ cluster size) the thickness of  deposited samples was characterized by using PHI 670xi Au-
the DLC film,” nitrogen content in the DLC filmi{ or chang-  ger electron spectroscofAES) and Raman spectroscopy
ing the synthesis methdd.In this letter, we will present an excited by 514.5 nm Ar laser radiation.

approach to deposit a composite tip structure of DLC and Figures 1a), 1(b), 1(c), and 1d) show the cross-
silicon carbide (SiC) on oblique-cut Sil1l) substrates, gectional FESEM micrographs of the cleaved DLC films
which may open a sight to fabricating a DLC-based fieldgrown on the oblique-cut 8i11) substrates of different ter-

emitter. N race widths. A smooth and dense DLC film without pinholes
Oblique-cut S(111) wafers were prepared by tilting the

silicon rod from[111] toward the[112] direction during
slicing. Different tilt anglesy were chosen in order to obtain
different terrace widths on the oblique-cut(Hil) surface.

TABLE |. Corresponding terrace width and the number of atomic rows
parallel to the ledge in the terrace for the oblique-cyil8I) samples.

Terrace width is a representation of the number of atomic « angle(®) Terrace width(A) Number of atomic rows
rows in the Si111) terrace parallel to the ledge. The nar- Infinite Infinite
rower the terrace width, the more ledge sites. The corre- ¢ 45 278 8

8.47 21.1 6

12.27 14.4 4
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FIG. 1. Cross-sectional FESEM micrographs of cleaved DLC films depos-
ited on different oblique-cut §111) substrates. Corresponding(Bil) ter-
race widths arda) infinite, (b) 27.8 A, (c) 21.1 A, and(d) 14.4 A.

appears on the @i1l) surface without the oblique cut. When
the S{111) terrace width reduces to 27.8 A, the morphology
of the DLC film remains about the same in most surface
areas, as shown in Fig(Hd). A DLC tip structure, however,
appears in some surface areas. The Si substrate is completely
covered with the DLC tip structure when theg(Hlil) terrace
width reduces further to 21.1 and 14.4 A, as shown in Figs.
1(c) and 1d), respectively. All the DLC tips have about the
same length of approximately Am, but the tip density in-
creases with reducing the($11) terrace width. The tip den-
sity is estimated to be 25 and 38n "2, respectively, for the
Si(111) terrace widths of 21.1 and 14.4 A. The DLC tips
form an irregular interface with the Si substrate, which is
unlike the DLC/Si interface in Fig.(d) or 1(b). The irregular
interface is considered not to be the original Si surface since - _ ol . i
tis much more rough than what a polished1SI) surface £ 9% 34,0 e aeenieion e sng o o ot
should be. tip in (), and(c) Si and C Auger concentration profiles along the scan line
In order to clarify the reaction that occurred at the inter-across the DLC film deposited on($11).
face, Si and C Auger line scans have been performed across

a tip in Fig. 1c). Figure Za) shows the Si and C concentra- . .
tion profiles along the straight line across Si and the tip. Theerved at the interface between the carbon-based film and the

Auger signals are noisy since the electron beam of the PHP! substrate™ ' Second, both Si and C Auger signals stay
670xi AES system was operated at 20 kV and 1 nA in orde@P0OUt the same in the SiC region, as shown in Fg). Z'he

to obtain arin situ FESEM image good enough to locate the C-Tich region was determined to be a DLC fitthwhich is
scan line along the tip. The Si signal stays roughly at theevident by the two broad Raman peaks centered at about
same magnitude inside the Si substrate and drops to a lowdB40 and 1600 crii. The irregular interface between Si and
magnitude at the bottom part of the tip, and then furtherthe tip is obviously the interface between the Si-rich and SiC
decreases down to a noise level at the end of the tip. Ifiegions, as shown in Fig.(@. Therefore, the tip is a DLC/
contrast, the C signal reaches a maximum value around theilC composite structure consisting of about Qrs-long

end of the tip, and drops to a constant value at the botton®IC at its bottom part and 0.8m-long DLC at its upper
part of the tip, and then decreases to a noise level inside theart.

Si substrate. Note that the Si signal reaches along the tip ata Auger line scans and Raman measurements have also
position about 0.5um away from the irregular interface. been performed on a continuous and dense films, as shown in
This suggests Si atoms diffusing out of the Si substrate toFig. 1(a). The Si Auger signal stays at about the same mag-
ward the end of the tip, rather than carbon diffusing into thenitude inside the Si substrate and rapidly decreases down to
Si substrate. Based on the noisy Si/C signal ratio, the noise level at the top of the film, as shown in Fi¢c)2In
scanned area can be roughly divided into the three “Si-rich,"contrast, the C Auger signal reaches a maximum value
“SiC,” and “C-rich” regions, as marked in Fig. @). The around the top of the film, and decreases to a noise level
SiC region may be considered to be the SiC phase based amside the Si substrate. The Si and C Auger signals suggest

two reasons. First, a SiC interlayer has been very often olkthe existence of Si- and C-rich regions. The C rich was de-
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termined to be a DLC fild? since two broad Raman peaks race width less than 21.1 A. The critical (811) terrace

centered at about 1340 and 1600 ¢mvere also observed. width is around 21.1 A, beyond that a continuous and dense

There is no finite region of the Si/C ratio roughly equal to 1.DLC film starts to appear. The concept of terrace width

The SiC region in the DLC/SIiC composite tip structure is noopens an approach in the control of the morphology of DLC

longer observed inside the continuous and dense film. film on Si substrates. The DLC/SIC composite tip may be

The formation of the DLC/SIiC composite tip is proposed useful as a field emitter due to its sharp structure.

and described below. At the beginning of the diamond-like ) ] ) ) )

carbon deposition onto the oblique-cut(&il) surface, This work is supported by the National Science Council,

C-containing radicals start to react with Si and form a SicR-O-C- through Project No. NSC 89-2218-E-007-009.
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