
Defect characterization of 4H-SiC wafers for power electronic device applications

This article has been downloaded from IOPscience. Please scroll down to see the full text article.

2002 J. Phys.: Condens. Matter 14 13397

(http://iopscience.iop.org/0953-8984/14/48/394)

Download details:

IP Address: 171.66.16.97

The article was downloaded on 18/05/2010 at 19:18

Please note that terms and conditions apply.

View the table of contents for this issue, or go to the journal homepage for more

Home Search Collections Journals About Contact us My IOPscience

http://iopscience.iop.org/page/terms
http://iopscience.iop.org/0953-8984/14/48
http://iopscience.iop.org/0953-8984
http://iopscience.iop.org/
http://iopscience.iop.org/search
http://iopscience.iop.org/collections
http://iopscience.iop.org/journals
http://iopscience.iop.org/page/aboutioppublishing
http://iopscience.iop.org/contact
http://iopscience.iop.org/myiopscience


INSTITUTE OF PHYSICS PUBLISHING JOURNAL OF PHYSICS: CONDENSED MATTER

J. Phys.: Condens. Matter 14 (2002) 13397–13402 PII: S0953-8984(02)54243-0

Defect characterization of 4H-SiC wafers for power
electronic device applications

S Ferrero1,3, S Porro1, F Giorgis1, C F Pirri1, P Mandracci1,
C Ricciardi1, L Scaltrito1, C Sgorlon2, G Richieri2 and L Merlin2

1 Dipartimento di Fisica and INFM, Politecnico di Torino, c.so Duca degli Abruzzi, 24,
I-10129 Torino, Italy
2 IRCI—International Rectifier Corporation Italia, Via Liguria, 29, 10071 Borgaro T.se,
Torino, Italy

E-mail: sferrero@polito.it

Received 3 October 2002
Published 22 November 2002
Online at stacks.iop.org/JPhysCM/14/13397

Abstract
Silicon carbide is a semiconductor of choice for the fabrication of high-power,
high-temperature and high-frequency electronic devices.

Nevertheless, such a material still presents many problems as regards the
crystallographic quality and the presence of defects, which influence the device
performance.

We have investigated 4H-SiC wafers and 4H-SiC epitaxial layers by
microscopy and structural techniques in order to obtain information about the
defect morphology. The goal of this analysis will be to correlate them with the
electrical properties of SiC for power electronic device applications.

(Some figures in this article are in colour only in the electronic version)

1. Introduction

Silicon carbide is a wide-band-gap semiconductor, interesting because of its physical properties
such as high breakdown field, high saturated drift velocity and high thermal conductivity [1],
which has been intensively studied in the last few years. The above-mentioned properties
make SiC a semiconductor of choice for electronic applications in which high temperature,
high voltage, high frequency and/or high power are involved.

Despite the high potentiality of this material, SiC technology at the moment shows some
limitations and requires further study if we are to obtain electronic devices with the same
quality standards as in the Si technology. Indeed, the reliability of SiC-based devices is strictly
correlated with the defects present in the crystalline structure.
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We have focused our investigation on 4H-SiC wafers and on 4H-SiC epitaxial layers in
order to determine in both situations the different types of defect. A preliminary investigation
has been performed by optical microscopy and scanning electron microscopy with the aim of
finding evidence of the defect morphology on a large scale. A deeper insight into the defect type
has been obtained by atomic force microscopy (AFM), the profilometer technique and micro-
Raman spectroscopy. Different types of defect such as micropipes, comets, super-dislocations
and etch pits have been characterized by finding particular physical fingerprints.

This investigation is aimed at correlating the defects and the electrical properties of SiC
for power electronic device applications.

2. Experimental method

All the 4H-SiC wafers and 4H-SiC epitaxial layers investigated were supplied by CREE
Research Inc. The characteristics of the substrates were as follows: n-type (ND = 2 ×
1019 cm−3), two-inch diameter, 8◦ off-axis, selected micropipe density (16–30 cm−2), silicon
face. The characteristics of the epitaxial samples were: n-type 7 µm thick epitaxial layers
(ND = 4 × 1015 cm−3).

The investigations of the samples were performed by optical microscopy, surface
profilometry, scanning electron microscopy and AFM with the aim of finding evidence of
the defect morphology and their qualitative surface densities. In optical densitometry the
defect density is determined by optical bright-field microscopy (NIKON microscope, with
magnification up to 2000×).

We reconstructed the defect map of the wafer analysed and we reported the most significant
ones in a detailed series of photographs. By using a surface profiler (TENCOR P-10), scanning
electron microscope (CAMBRIGE STEREOSCAN 90) and atomic force microscope (DME
DS 95-200), each defect morphology was carefully reconstructed.

Structural characterization was performed by Raman spectroscopy, which represents a
powerful technique for the characterization of SiC, because it is non-destructive and requires
no special preparation of samples. The parameters of the Raman signal such as intensity, width,
peak frequency and polarization of Raman bands provide fruitful information on the crystal
quality. Phonon Raman scattering has already been studied for various polytypes. Moreover,
microprobe techniques are the most advantageous inside the microscopic portion of the sample
investigated, allowing analysis of an epilayer without any mask effect from the substrate.

The micro-Raman system used in this work is a Renishaw system equipped with an argon
laser with the excitation line at 514.5 nm and a cooled CCD camera as a detector. The other
most important features are: spectral resolution 3 cm−1, spatial resolution 1 µm, depth of field
2 µm in the confocal configuration.

3. Results

The investigation by optical microscopy and scanning electron microscopy showed mainly the
presence of five different types of defect: micropipes, etch pits, super-dislocations, planar
defects (triangular or polygonal) and comets [2, 3].

All wafers investigated, bulk wafers or wafers with epitaxial layers, present high
concentrations of micropipes, but only bulk wafers show planar defects.

Top views of some defects on epitaxial layers are shown in figures 1 and 2, obtained by
means of optical microscopy and scanning electron microscopy.

The investigation by surface profilometer shows that for super-dislocations similar to those
represented in figure 1 there is a difference in height of up to 400 nm.
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Figure 1. Photographs of typical micropipes (left side) and super-dislocations (right side) provided
by scanning electron microscopy.

Figure 2. Photographs of comets—optical (right side) and scanning electron microscopy images
(left side).

Figure 3. Planar defect images obtained by optical microscopy.
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Figure 4. Comet reconstruction by AFM. Figure 5. A triangular defect image obtained by AFM.

Figure 6. The defect distribution on a 4H-SiC epitaxial
layer.

Figure 7. An optical view of a micropipe (1000×).

The results of surface bulk wafer characterization are reported in figure 3, where some
planar defects are shown.

AFM reconstruction is very appealing for single-defect investigation. Figures 4 and 5
show examples of comets and triangular planar defects.

At the end of the morphological investigation we realized wafer maps. An example of a
map is shown in figure 6.

Structural characterizations have been performed by micro-Raman spectroscopy. The
characteristic peaks of 4H polytype are centred at 204 cm−1 (FTA, folded transverse acoustic
mode), 776 cm−1 (FTO, folded transverse optical mode), 796 cm−1 (FTO), 964 cm−1 (FLO) [4].
The most significant results are the presence of 6H-SiC and 3C-SiC inclusions in 4H-SiC wafers
and epilayers. Moreover, by micro-Raman spectroscopy it is possible to obtain a profile of the
doping concentration.

Figure 7 shows a micropipe with a diameter of 30 µm in a 4H-SiC wafer with the carrier
concentration of ND = 2 × 1019 cm−3. At the edge of the micropipe, exactly on the marker
in figure 7, we obtained different Raman spectra. As is clear from figure 8, there are different
peaks related to different polytypes. In particular, we found 3C-SiC inclusions and 6H-SiC
inclusions in 4H-SiC bulk.

Also, dislocations in epitaxial layers (see figure 9) show the presence of other polytypes.
Micro-Raman investigation, performed on a dislocation (figure 10), shows the presence of
6H-SiC inclusions.
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Figure 8. Raman spectra; 3C-SiC inclusions. Figure 9. Dislocations in 4H-SiC epilayers.

Figure 10. Raman spectra; 6H-SiC inclusions. Figure 11. Raman spectra for different doping
concentrations.

The Raman measurement can detect coupled modes of LO phonons and plasma oscillations
of free carriers whose spectral features depend on the carrier concentration and carrier damping.
We have performed measurements on a 4H-SiC bulk wafer and 4H-SiC epilayer in a defect-
free zone. In figure 11 the LO phonon peak theoretically centred at 964 cm−1 is shown.
On increasing the doping level, the peak intensity decreases while the peak width increases.
It is worth underlining that with an accurate analysis of the peak intensity and linewidth, a
determination of the dopant concentration of the wafer can be carried out and a map realized
for dopant concentration larger than a certain threshold [5].

One of the wafers mapped for defect type and position was processed in order to obtain
Schottky diodes and to correlate the presence of a single defect with the electrical behaviour
of the device.

The devices realized have the structure reported in figure 12.
By means of I–V analysis, diodes with or without defects will be carefully compared in

the near future. Preliminary results show that defects such as comets strongly influence the
breakdown voltage of the Schottky diodes [6].
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Figure 12. A schematic diagram of a SiC Schottky diode, with a Schottky barrier in titanium.

4. Conclusions

4H-SiC wafers and epitaxial layers were characterized morphologically and structurally.
Defects have been highlighted showing the presence of different polytypes (3C-SiC and 6H-
SiC) on 4H-SiC.

In order to obtain a correlation between defects and performances of power electronic
devices, Ti/4H-SiC Schottky diodes have been realized. A preliminary investigation shows
that defects seem mainly to influence reverse breakdown voltage.
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