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Abstract

Selectivity of SiC deposition on a Si substrate partially covered with a masking
material was investigated by introducing HCl gas into hexamethyldisilane/H, gas
system during the deposition. The schedule of the precursor and HCl gas flows was
modified so that the selectivity of SiC deposition between a Si substrate and a mask
material should be improved. It was confirmed that the selectivity of SiC deposition
was improved by introducing HCl gas. Also, the pulse gas flow technique was

effective to enhance the selectivity.

I . Introduction

Cubic SiC 1s a favorable semiconductor material for high temperature, high power
and high speed electronic devices, because of a wide band gap energy (2.2 eV at
300K), a high saturated electron velocity (2.7><107cm/s), a high electron mobility
(1000 cm’/V - s) and a high thermal conductivity (3.5 W/em'C at 300K)"2. In case of
Si-based devices, they should be kept below 150°C for its normal operation because it
has the narrower band gap energy of 1.1 eV, whereas SiC device can be used at
higher temperature range than that of Si device, due to its wide band gap energy
more than 2.0 eV>.

However, it is very difficult to use a conventional wet etching technique for the
SiC patterning that is necessary for device fabrication, because of chemical and
thermal stabilities of SiC. Although new etching methods like as ion-beam etching’
and ECR plasma etching® can be used, the etched surface becomes unsuitable for a

microelectronic device application. Therefore, the selective deposition technique of SiC



Selective Chemical Vapor Deposition of 8-SiC on Si Substrate Using Hexamethyldisilane/HCI/Hs Gas System
92

becomes one of the promising ways to achieve the patterning.
In this study, the relation between the SiC film and the deposition conditions was
investigated. Also, the selectivity of SiC deposition was investigated between a Si

substrate and a mask material using the pulse gas flows of precursor gas.

II. Experimental Procedures

Hexamethyldisilane (Si(CH3)s) was used as a single precursor for SiC deposition.
<100> oriented p-type Si wafer patterned with SiO, and Si;Ns mask materials was
used as a substrate. Dimensions of patterned openings in a masking layer were 1.615
mn X 0.510mm. Before being loaded into the reaction tube, substrates were rinsed by
an ultrasonic cleaner in the baths of acetone and ethanol, and then dipped in a
buffered HF solution to remove a native oxide. Finally, they were rinsed in a
deionized water.

The flow rate of the source gas was determined by the flow rate of carrier H, gas,
the vapor pressure of liquid source or the temperature of bubbler containing liquid
HMDS precursor. Bubbler temperature was held at 3~4°C using ice water bath. The
vapor pressure of liquid source at this temperature was about 9 torr’. The flow rate
of carrier H, gas through a bubbler was varied from 1 to 5 sccm. In order to etch
the Si nuclei and enhance the selectivity of SiC deposition, hydrogen chloride (HCI)
gas was introduced to HMDS/H, gas system during the £-SiC deposition. The flow
rate of HCIl gas was varied from 20 to 200 sccm. £ -SiC deposition was carried out
at the substrate temperature of 1100 ~ 1200°C and the reactor pressure of 30 ~ 50

torr.

IOI. Results and Discussions

The film deposited on unpatterned Si substrate with the growth rate of about 1.9 ©m
/hr showed a mirror-like surface. However, a few of the defects of fiber-like growth
were appeared on the surface of the film deposited at the substrate temperature above
1150C. Therefore, optimum substrate temperature was chosen at 1100°C. By the
X-ray diffraction patterns, the deposited films were identified as B-SiC phase and
preferentially grown along the <111> direction.

The schedule of precursor flows was modified to investigate the selectivity of SiC
deposition. HCl gas flow was continuous, whereas the precursor flow into the reactor
was maintained for 30 sec, and then stopped for 120 sec, as a pulse type. As the
HCI gas flow rate increased, both the thicknesses of SiC films on a Si substrate and

a mask area decreased. But, the deposition rate on a Si substrate was faster than that
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on a mask area. Also, the effect of mask materials (SiO, and SisNg) on the selectivity
in SiC deposition was not observed.

In order to enhance the selectivity of SiC deposition and differentiate the nucleation
rates on a substrate and mask areas, the precursor flow time decreased to 20 and 10
sec. Fig. 1 shows SEM micrograph of the SiC film deposited between the Si substrate
and the SiO; mask at the precursor flow of 10 sec and HCI gas of 200 sccm. The
film of about 0.2 pm thick was deposited on the Si substrate. However, it was
impossible to observe SiC film on the SiO; mask by SEM. Therefore, in order to
investigate the selectivity of SiC deposition, X-ray mapping of SiC film at the
interface between Si substrate and SiO, mask was carried out. As shown in Fig. 2,
the intensities of Si and C on the Si substrate were uniformly distributed and were
higher than those on the SiO, mask. Therefore, the preference of SiC deposition on a
S1 substrate could be observed.

Fig. 3 show AES depth profiles of the films deposited on the Si substrate and the
S10; mask. It was observed that the SiC film of about 0.08 um thick was deposited
on a SiO, mask. Accumulation of C was observed in the interface between the SiC
film and Si substrate as well as the SiC film and SiO, mask. It was expected that
higher accumulation of C in the interface between the SiC film and Si substrate
rather than that between the SiC film and SiO, mask resulted in the preference of
carbonization reaction on a Si substrate. It was expected that relatively high atomic
concentration of O resulted from unintentionally introducing of oxygen gas.

Fig. 4 show the AFM images of £ -SiC films deposited without HCI gas and with
HCI gas. Both film thicknesses were about 0.4 um. Average roughnesses of the film
surfaces (Fig. 4 (a) and (b)) were 25.8 A and 27.6 A, respectively. There was no
apparent difference between the roughness of these two films. Therefore, it was
concluded that HCl gas did not affect the surface roughness seriously and the surface
of the film was smooth enough for the microelectronic device application. Also,
significant change in the average roughness was not observed during the varieties of
the HCl gas flows. It was confirmed that the selectivity of SiC deposition was
improved by introducing HCl gas. Also, the pulse flow technique of the precursor gas

was effective to enhance the selectivity.

IV. Conclusions
The optimum condition of the substrate temperature for SiC deposition using
HMDS/H, gas system was determined as 1100°C. The film was preferentially grown

along the <I11> direction with a mirror-like surface.
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As the HCl gas flow rate increased, both the thicknesses of SiC films on a Si
substrate and a mask area decreased. However, the deposition rate on a Si substrate
was faster than that on a mask area. X-ray mapping and AES depth profile of SiC
film proved the preference of SiC deposition on a Si substrate. Introduction of the
HCl gas did not affect the surface roughness seriously and the surface of the film
was suitable for microelectronic device application. HCl gas and the pulse flow

technique of the precursor gas was effective to enhance the selectivity.
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Fig. 1. SEM micrograph showing the A : -
SiC  film deposited between a Si
substrate and 8iO, mask at the
precursor flow of 10 sec and HCI
gas of 200 scem..
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Fig. 2. X-ray mapping image of SiC film at the
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Fig. 3. AES depth profiles of the films deposited on (a) the Si substrate area and (b) the
Si02 mask area.

Fig. 4. AFM images of £-SiC films deposited (a) without HCI gas and (b) with HCI gas.



