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The study on process of electronic device from diamond films by CVD
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The study on process of electronic device from diamond films by CVD
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This research presents the technique of selected area synthesis of diamond films using
combustion activation chemical vapor deposition (CACVD) by acetylene (C,H,) and oxygen (Oz)
gas at atmospheric pressure. The main point of thesis is the development of CACVD technique
for synthesized semiconductor material which is developed for application in electronics devices.
The surface nucleation of substrate was studied by using surface pretreatment. The resulting of
surface nucleation, silicon polished diamond powder, silicon dioxide and silicon dioxide polished
diamond powder, are very different. For the pattern fabrication, silicon dioxide mask technique
was used for nucleated diamond protection, but silicon polished by diamond powder in ultrasonic

technique was used for nucleated diamond generation. The synthesized diamond films can be
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studied by Scanning Electron Microscope and Raman spectroscopy. The electrical properties of

diamond film were studied.
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" P-type Diamond
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The Diamond Crystal Nucleation by Combustion Activation CVD
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Abstract. This paper presents the diamond nucleation using combustion activation chemical vapor
deposition (CACVD) by 0.95 volumetric ratio of O, /C,Ha under atmospheric pressure. The main
point of our work is to develop the CACVD technique for synthesize the semiconductor materials,
which is developed for electronic devices application. The surfacc nucleation of substrate was
studied by using surface pretreatment. The results of surface nucleation on mirrorsilicon. polished
silicon by diamond powder, silicon-dioxide (Si0;), and polished SiO» by diamond powder, are
significantly ditferent. 1t can be concluded that the silicon-dioxide mask technique is uselul for
nucleated diamond protection whereas the polished silicon by diamond powder is suilable for
nucleated diamond generation. These techniques are applied for the pattern fabrication.

fntroduction

In recent vears the interests in research and application of diamond have greatly increased due to the
development of CVD technique for synthesized diamond films. These films, like natural diamond.
have many interesting physical propertics: mechanical hardness, verv high thermal conductivity.
and optical transparency [1.2]. The combustion activation chemical vapor deposition (CACVD)
method is onc of numerous techniques for synthesize diamond crystals and diamond films, which
was invented by Hirose et al. [3,4] that used for the synthesis ofdidmond films, both dispersed and
dense polycrystalline ones, at.a growth ratc of ca 250 A 5" This method provides cas phase
activation through the highly exothermic chemical reaction between acetylene (CoMy) and oxveen
{O2). And this process provides an excellent diamond growth environment without vacuum
chamber. The main equipment required in the CACVD consists of a torch, oxygen gas, and
acetylene. The process needs the incomplete combustion of acetvlene feather Hame, and it is
controlled under the following condition: - the volume ratios of O,C:H- were 0.70-0.95 in
atmosphere, the temperature range of Si substrate was 500-1350 °C, the synthesized times were 10-
30 min [5-7].

This research was focused on developing the CACVD technique to synthesize the selected area
of diamond {ilms and evaluate their propertics. The principles based on the difference of nucleation
density and (he growth rate on various substrate materials. Flowever, the nucleation diamond
synthesized by this method, which is important for the basic study and to understand the
mechanisms of nucleation diamond, has never been published.

All of these procedures will be completed, followed by analyzing of the synthesized crystal. The

analysis comprises of the growth rate. size and thickness of diamond (ilins. and bond paticrn of

carbon in crystal using microscope and Raman spectroscopy.

All nghts reserved. No part of contents of this paper may be reproduced or transmitted in any form or by any means without the written permission of the
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The combustion activation technique was controlled under the following conditions: - the
volumetric ratio of O, /CxH, was 0.95 in the atinosphere, the temperature of Si substrate was 800
°C, the synthesized time was in between 5 and 30 min. The Si and Si0: substrates were pretreated
by the abrasion with diamond powder in ultrasonic. SiO and mirror-silicon were used to protect
diamond films generation.

The suitable position of oxy-acetylene flame for the diamond films synthesis was examined.
The unpolished and polished Si and SiO, substrates were used to determine the conditions for the
growth of diamond films. The temperature for substrate was 800 °C. The volumetric ratio of
0,/C;H; was 0.95 at the O, and C;H, flow rates of 285 and 300 cc/min, respectively. The synthesis
was varied for 5 and 30 min at | atm. Raman spectroscopy and microscope were used for analyzing
the carbon bonding, the growth rate, and the grain sizes of the crystals.
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Results and Discussion

The results observed from microscope showed that the pretreatment substrate will increase the
diamond nucleation density. The substrate pretreated by the abrasion with diamond powder in
ultrasonic gives the growth rate higher than the unpolished onc. Fig. I shows the micrographs of the
diamond film surfaces on different substrates.

Figure 1. Micrographs of the dependence of the diamond filims growth on different substrates:
(a) unpolished 84, (b) polished Si, (¢} unpolished SiO-, and (d) polished SiO.

From the Raman shift at 1333 ¢cm™, 1| was observed that the volumetric ratio of OyC:H- providing
the best composition to form high quality of diamond films is 0.95. The result observed from

2717

Raman spectroscopy showing the high quality of diamond films is 1333 em™ (Fig. 2)

"

Counts

—

Raman shift cm'

e =

Figure 2. The analysis of diamond films by Raman spectroscopy.
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At this point, the conclusion for the diamond films svnthesis can be stated that: - the diamond
crystals grow on the SiO; at synthesized times of 15 and 30 min, and the diamond films grow on the
Si at synthesized times of 15 and 30 min. Morcover, the growth rate of diamond films is varied by
the factor of gas ratio, the distance from inner flame to substrate, and the synthesized time.

Figure 3. Micrographs of the diamond films at different masking and synthesis time: (a) mirror-
polished Siat 15 min, (b) SiO; at 15 min, (¢) mirror-polished St at 30 min, and (d) SiO at 30 min

The nucleation density of unpolished and polished Si and SiO; substrates were shown in Table 2

Table 1. Nucleation density on several substrate rehability,

Type of substrate Nucleation density (em ™)
Unpolished Si 10° - 10°
Polished Si 10°-10"7
Unpolished SiO; 10" - 10°
Polished S10; 102402

From the results, we can conclude that the carbon diffusion rate in substrate affects to the nucleation
density and the size of diamond crystals

The mirror-polished silicon mask technique can protect diamond films growth. It 1s found that
the diamond films grow on the selected area and a few diamond crystals grow on mirror-polished
silicon mask. In this fabrication, the minimum of synthesized time is 15 min. The diamond crystal
growth depends on the synthesized time of diamond films and the diamond crystal 1s ditficult to
remove. The SiO: mask technique can protect diamond films growth, and the diamond films grow
in the selected area, but several diamond crystals grow on $10;. In this technique can be synthesized
in long time for the requirement thickness. Diamond crystal on SiO> was removed by Si0, ctching
procedure. Morcover, Si0; thickness is impartant for deposition procedure because SiO; was ctehed
by combustion activation CVD about 200 A/min at 800 “C and the underside effective of SiO:
ciching made taper on the ending of selected area which made taper of ending of diamond.
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Figure 4. Micrographs of fabrication procedure of diamond films: (a) diamond deposition, (b)
selected area of diamond films, (c) compare between the growth on selected arca and on Si02
mask, (d) diamond films comner, and (¢} - (f) diamond filins after Si0 etching.

Summary

From the results, we can conclude that the carbon diffusion rate in substrate affects to the nucleation
density and the size of diamond crystals. While the high carbon diffusion rate in the substrate
increases the nucleation density. but the mean size of crystals is relatively smaller. This is the
nutrients available for crystals growth have to be shared with many crystals due to the high
nucleation density. Furthermore. silicon-dioxide mask technique and polished silicon by diamond
powder were used for nucleated diamond protection and generation, respectively. which can be
applied for the pattern fabrication
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1. INTRODUCTION

The synthesized diamond film from Combustion Activation Chemical Vapor Deposition (CACVD)
was i-type that shows high electrical resistivity [1]. Its electrical resistivity was changed to p-type
under atmosphere. This phenomenon is caused by the diffusion of hydrogen gas in atmosphere into
the surface of diamond film (at room temperature). Usage for semiconductor device, the thickness of
p-type is vitally considerable. Natural p-type is very thin which is less than 10 nm.

In this study, our main purpose is to determine the conditions of synthesizing the p-type from
CACVD by using the hydrogen termination technique, in which the thickness of p-type diamond
surface layer depends on the termination time and the operation temperature. Moreover, the resistivity,
the p-type layer thickness and the hole concentration have been calculated from the punch through
voltages that measured by CACVD diamond device.

2. EXPERIMENTAL
The suitable position of oxy-acetylene flame for the diamond films synthesis was examined. The
unpolished and polished Si and SiO; substrates were used to determine the conditions for the
growth of diamond films [2-3]. The temperature for substrate was 800 °C. The volumetric ratio of
0O,/C,H; was 0.95 at the O, and C»H; flow rates of 285 and 300 cc/min, respectively [4].

The electrical property of diamond films was analyzed, afer that; these films were terminated
in hydrogen gas at high temperatures (300, 600, and 700 °C), and at the operation times of 5, 10, 15,
and 20. Then, the clectrical property of these films was analyzed again.

These films were used in metal/p-type/i-type structure (as shown in Fig. 1). This device was
analyzed on punch through phenomena. The punch through voltage and resistivity of the films has
been caleulated by Egs. (1) - (3) [4-5];

Ve = a2 2P M
) 28
when V) = Punch through voltage (V) q = Electron charge (1.69x10'° atom/em®)
a = Thickness of conduction layer (nm) p = Number of accepter atom (atom)

AMFT-7014 1
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.t t (2)
pau, Za
when R = Resistivity () Z =Width of material (un)
L = Length of material (um) p = Mobility of p-type (m/s)
From Egs. (1) and Eqs. (2) then
z
a=2eRVy, = €))
EVehlp

3.  RESULTS AND DISCUSSION

When finish the synthesis, the electrical property of the diamond fiims for i-lype semiconductor is
higher than 4 MQ, and then after using hydrogen termination its value js decreased, which is
dependent upon the operation temperature and the operation time. The resistance of diamond films, at
the operation temperature between 300 — 700 °C and the operation time between 5 — 20 min., has been
shown in Table 1. The resistance is immediately dropped when the temperature and time are raised. In
general, the silicon deteriorates at about 100 °C, therefore, the diamond films generated from this
work has a potential to apply for high-thermal electronic devices, such as the compact-size IC devices
without heat sink. Based on the Secebeck-effect analysis, this diamond films perform as the
intrinsic-type semiconductor. The metal/p-type/i-type structure of device was measured by a
high-voltage meter to determine the punch through voltage (as reported in Table 1). Moreover, the
thickness of conduction layer has been calculated and illustrated in F 1g. 2. The range of thickness of
these films is between 84 — 160 nm.
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Table 1. Resistance and punch through voltage at the operation temperature and time.

Time(min) | Resistance (@) | Ve(V)

| s00cC 600 °C 700 °C 500°C | 600 °C l 700 °C |

5 | 265 xlo” 1.82x10° | 129%10° | 056 | 1.06 | 1.83
100 1 179x10° | 126 x10° | 846x10° | 107 | 176 ’ 301
15 138 x 10° | 834x10° | 4.46 x 10° 1.54 2.84 601 i
20 [ 1.09x10° | 533x10° | 141x10° | 211 | 474 | 1990 |

Au— g

Al L
p-type diamond :‘/' : i
i-type diamond —» Silicon substrate L2

Fig. 1 The diamond film structure.
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Fig. 2 Relation between the conduction layer thickness and the operation time.
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