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Abstract

A long-wavelength infrared thermal imaging camera was applied to visually evaluate the thermal influence of

defects in SiC substrates. Defects in substrates were rapidly and effectively detected by IR camera observation, and the

dependence of the temperature on the defect size could be observed precisely. IR camera was applied to show clearly the

change in heat propagation in areas of defects in SiC substrates by observation of temperature distribution images in real

time. Consequently, the IR camera can be considered as an effective technique for evaluating the thermal influence of

defects.
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1. Introduction

Silicon carbide (SiC) is a promising material for
the next generation of semiconductors because of its
ability to operate at high temperature, high frequency
and high power. [1] SiC is expected to serve as a
substrate material for high-frequency devices based
on GaN. [2, 3] Recently, very low-defect density SiC
substrates have been developed to meet these require-
ments. [4, 5] However, characterization of the thermal
influence of defects in these substrates is still important
before such substrates can actually be applied in high
frequency devices.

To detect the defects that present in SiC sub-
strate, scanning laser microscopes [6, 7] light-scattering
tomography [8, 9], polarized optical microscope [10,
11], X-ray topography [12, 13] and photoluminescence
mapping [14] have been used. Although these methods

can effectively detect defects, they cannot visually show
the thermal influence of defects in SiC substrate for the
same time. Therefore, in this study, a long-wavelength
infrared thermal imaging camera (IR camera) that is
considered as effective technique for evaluating the
defects and the thermal influence of defects in SiC
single crystal was proposed.

Attempts to measure the thermal diffusivity of
solids using IR camera technology have recently been
reported, [16, 17] and such a camera has been used to
investigate the operating characteristics of a heat sink
structure. [18] IR cameras are widely applied to determine
the thermal properties of materials. In this study, IR
camera evaluation technology was applied to perform a
non-destructive defect detection in SiC crystals and to

examine the thermal influence of defects.
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2. Experiments
2.1. Sample Fabrications

The samples used in this study were commercial
6H-SiC single crystals grown using the conventional
sublimation method; the seed temperature and the
pressure were kept at 2100-2300 °C and 1.3 kPa (10
Torr) to 2.6 kPa (20 Torr), respectively, during crystal
growth. Samples were cut with a size of 5x25x1 mm’
perpendicular to the [0001] axis from two different 6H-
SiC wafers. In this experiment, sample A was cut from
6H-SiC wafer that had the quality of crystal better than
sample B. The sample surfaces were mirror polished.
2.2. Methods

Firstly, we observed and classified the defects in
each sample using an IR camera (NEC Avio, TH 9100
MR) as shown in Fig.1. An IR camera detects and
visualizes infrared light radiated from materials. If a
substrate contains defects or distortions, the thermal
properties of these areas will be changed compared with
the periphery. Therefore, these areas show a different
temperature. Using the intensity of infrared radiation,
one can detect defects and distortions in a substrate
conveniently and accurately. The intensity of infrared
radiation can be described by Stefan—Boltzmann law as
follows:

E=0T' (1)

Where E is the intensity of infrared radiation per
unit area (W/m2), O is the Stefan-Boltzmann constant
(equal to 5.6704x10-8 W/m2K4), and T is the absolute
temperature (K) [15]. A long-wavelength IR camera
was used with an uncooled 2D microbolometer array
as a detector and measurement range of -20 to 250 "C.
The thermal sensitivity and spectral range of this camera
were 0.02 K at 303 K and 8-14 pum, respectively. A
25 um close-up lens (WI-259D) was used, where the

minimum detection range was 25x25 pm. The samples
were heated by an electric heating plate (AS ONE, ND-
1) and observed on a flat copper plate. To decrease the
background noise, the sample and camera were enclosed
in a shielding box. The resulting images were cleaned
up by image-processing software (NEC Avio, NS 9200).
The differences in temperature between the defect areas
and the periphery could be detected directly, as the IR
emissivity of the copper plate was much lower than that

of the SiC.

Computer processing system

Fig.1. Schematic diagram of the IR camera

observations.

The use of an IR camera is a rapid and effective
technique for the detection of defects, but it cannot
observe the shapes of defects in detail. Therefore, we
zoomed in on the defect areas in the IR camera images
to estimate the defect shapes using scanning laser
microscopy (SLM) [6, 7] and three-dimensional light-
scattering tomography (3D-LST), [6, 9] as described
later.

Finally, an experimental study of heat propaga-
tion in the samples was performed. The conditions were
similar to those in the defect detection studies. For the
heating system, a deposited one-dimensional heater

was used, where a width of about 0.5 mm of Ni was
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deposited at one end of each sample. The Ni-deposited
samples were heat-treated for 3 min at 1050 “C in an
Ar atmosphere. A DC power supply (Kenwood, PA18-
3A) was used, to obtain a clear image. The power sup-
ply was set to 6.00 V and 0.10 A for observing the
behavior of heat propagation in the samples. The entire
samples were observed for 4 s, and 20 observations of
the temperature distribution image were made at 0.2 s
intervals. In addition, the thermal diffusivity of the
samples was also evaluated by a differential photopyro-
electric (PPE) method [7] compared to the results of IR

camera.

3. Results and discussion
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Fig.2.Temperature distribution image of sample B

obtained with IR camera

Sample A shows an almost uniform color, which means
a uniform temperature. However, sample B, shown
in the two-dimensional IR camera image of Fig. 2(a),
shows various colors, which means a nonuniform
temperature. The white points in the image of sample
B are defects, and the high temperatures around the
defects are considered to be a result of the thermal
influence of the defects.

We could confirm that the defects in sample B
were more numerous than those in sample A. To further
investigate the temperature distribution around the
defects detected in the IR camera images, the
temperature profile of the surface of the samples was
analyzed by the use of image-processing software. By
this method, we could study the temperature around
each defect in detail. The temperature resolution and
the detection range were set to 0.1 K and 25%25 pm2,
respectively. The images of samples B was analyzed as
shown in Figs. 2(b). The temperature distributions in
the 3D image of sample B in the defect areas shown as
points 1, 2, and 3 in Fig. 2(b) were clearly different from
that in the normal area, and each defect area also had a
temperature distribution that was different from that of
the others in terms of scale and maximum temperature.
These differences in the temperature distribution in

sample B were caused by differences in defect size. [16]
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Fig. 3. Observation of the shape of defects on the surface using SLM and LST in the IR camera image of

Fig. 2(c). (a) SLM image; (b) 2D- and 3D-LST images.

Next, we zoomed in on the defect area in sample B
shown in Fig. 2(c) to observe the shapes of the defects
on the surface using SLM and LST. The results are
shown in Figs. 3(a) and (b), respectively. The irregular
black spots in Fig. 3(a) were considered to be micropipes
and clusters of impurities. The size of the defects was
calculated from the SLM image (600%800 pm2) and
was found to be 5-10 pm. We also applied 3D-LST to
observe the depth distribution of the defects. The results
showed that the defects observed in sample B were not
only located on the substrate surface but also continued

into the substrate, as shown in Fig. 3(b).

The large point-like and rod-like scattering
patterns were considered to be the outlines of defects
decorated by impurity precipitates and of hollow defects
such as micropipes, respectively. [19] The results
confirmed that the presence of defects can affect the
nonuniformity of the temperature in SiC. Since the
thermal conductivity in a defect area is smaller than that
in the surrounding area, the amount of infrared radiation
in the IR camera observation is different, and this shows
as a nonuniform temperature distribution in the IR

camera image. [16]
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Fig.4. the Ni electrode was heated at the end of each sample for 4 s to visually observe

heat propagation in the samples with the IR camera in real time.

Finally, the Ni electrode was heated at the end
of each sample for 4 s to visually observe heat propaga-
tion in the samples with the IR camera in real time. 2D
and 3D IR camera images of each sample are shown
in Fig. 4. In the low-defect sample A, as shown in Fig.
4(a), the temperature range was 5660 "C after 2 s of
heating, 60-63 “C after 3 s, and 63-67 °C after 4 s. The
thermal behavior in the 3D images showed a smooth
propagation. In contrast, the temperature range in
sample B was 51-56 "C after 2 s, 53-54 °C after 3 s,

and 54-58 °C after 4 s. At the same heating times, the

heat propagation behavior of sample B, as shown in Fig.
4(b), was rather poor in comparison with that of sample
A. Furthermore, 3D images of sample B showed that the
variable scatter of the heat propagation was caused by a
change in the thermal conductivity around the defect
areas. [20, 21] The thermal diffusivity of the samples
was also evaluated by a differential photopyroelectric
(PPE) method [7] to support the results of the heat
propagation studies as shown in table 1. These values
corresponded with the results obtained from IR camera

observation. As the above results indicate, the IR
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camera observation is an effective method to examine

the thermal property in 6H-SiC.

Table 1 Comparison of thermal diffusivity of the
samples between the PPE method and

the IR camera observation.

Sample Thermal diffusivity [cmzfs)
IR camera PPE method
Sample A 1.62 1.61
Sample B 1.25 1.25

4. Conclusion

In this study, we have shown that defect
detection in semi-insulating 6H-SiC substrates can be
performed with a wide viewing range using an IR
camera, and it is expected that all defects in a 4-inch
SiC wafer could be detected within a few minutes.
Furthermore, IR camera observation provides a
nondestructive, rapid and effective method for defect
detection in SiC substrates. In particular, we have
successfully used an IR camera to visually show
the changes in heat propagation due to defects in
semiinsulating 6H-SiC substrates, by recording
temperature distribution images in real time. The results
in this study prove that defects in SiC substrates have
a harmful influence on the thermal properties of the
substrate. This is important information for the
development of the semi-insulating 6H-SiC substrates
that are expected to serve as a substrate material for

GaN high-frequency devices.
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