
LUMINESCENCE IMAGING OF EXTENDED DEFECTS IN SiC VIA 
HYPERSPECTRAL IMAGING 

ABSTRACT
Over the past decade, improvements in silicon carbide growth and materials has led to the development of commercialized unipolar devices such as Schottky diodes and MOSFETs, however, 
much work remains to realizing the goal of wide-scale commercialization of both unipolar and bipolar devices such as pin diodes or IGBTs, for high applications requiring high powers, operating 
in elevated temperatures or radiation environments or for many fast switching applications. Despite the great strides that have been made in reducing extended and point defect densities during 
this period, such defects still remain and with the push to lower off-cut angle substrates are in many cases seeing increases in prevalence. Thus, spectroscopic and imaging techniques for 
locating and identifying these defects are in high demand. Luminescence imaging and spectroscopy have both been utilized heavily in such work, yet simultaneously obtaining corresponding 
spectroscopic and spatial information from such defects is problematic. Here we report on hyperspectral imaging of electroluminescence from SiC pin diodes, whereby a stack of luminescence 
images are collected over a wide spectral range (400-900 nm), thereby providing the ability to both image distinct features and identify their corresponding spectral properties. This process is 
also equally applicable to collecting either photo- or electroluminescence from other materials or devices emitting in either the UV-Vis or NIR spectral range, as well as to reflectance, 
transmission or other imaging techniques.

• IGSF studied here had primary emission of 2.64 eV at room temperature
• Previous work by Maximenko et al. established
 • 4 bilayer IGSF (4,4 in Zhdanov notation) emits at 2.61 eV
 • Have a right triangular shape
 • This corresponds to an excitonic band gap of 2.724 eV
• All results are consistent with our EL hyperspectral imaging work now
• Illustrates that HSI technique can be used to identify specific defects

• Two regions within area of overlapping SFs 
separated by partial dislocation
• Region with higher density of overlapping SFs
• Shift in the peak response of ~ 5 nm (30 meV)
• Broader linewidth and higher intensity emission

• Forward-bias injection of ehp induces EL
• EL Collected through 10X 0.25NA, 20x0.4 NA
 and 50x 0.7 NA objectives
• Imaging 1-10s Olympus 750 UltraZoom – 
‘real-color’ imaging

Here we have reported on the use of hyperspectral electroluminescence imaging for 
simulaneously obtaining correlated spatial and structural information from extended defects 
within SiC pin diodes. Using this technique, the spectral and spatial properties of several 
defects including recombination induced stacking faults (SFs), partial dislocations, defect 
levels associated within Al and B implanted regions and an in-grown stacking fault (IGSF) 
were identified and studied. In the case of the SFs, it was determined that in addition to the 
widely-reported emission near 426 nm, an additional emission band is induced at a position 
30 meV deeper (~430 nm) was also induced in regions with a large number of overlapping 
SFs. The reason for this shift is still being explored. Additional defect levels with emission 
energies of 1.48 and 1.71 eV were observed in the regions of an Al and B implant belts, 
respectively. Finally, EL spectra from a (4,4) IGSF in Zhdanov notation exhibited two emission 
lines. The primary line was centered at approximately 2.64 eV, which is consistent with IGSF 
quantum well to valence band recombination. The second emission, observed as a shoulder in 
the spectra collected from the rectangular region where the IGSF meets the surface of the 
diode, was centered at 0.18 eV below the primary emission line and is consistent with 
recombination between electrons in the IGSF with holes at the acceptor levels. These efforts 
indicate that hyperspectral imaging can provide a unique methodology for simultaneously 
identifying the presence, spatial extent, location and spectral properties of extended defects 
in both wide and narrow-band gap semiconductor devices.
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Electroluminescence (EL) was induced via driving ~28A/cm2 through 0.93x0.93 mm pin 
diode. EL was collected 20x 0.4 NA objective. A series of reflecting mirrors focused the EL 
onto the entrance slit of the hyperspectral imaging filter. By rotating the two volume Bragg 
gratings with respect to the incident, the output from the filter was narrowed to 2 nm, with 
the center wavelength of this pass-band varied from 400-900 nm. This output was focused 
onto a thermoelectrically cooled CCD detector. Images were collected in 2 nm increments for 
30s each. The collection of images were stacked and a rectification process was performed 
that enables a spectrum from any given feature within the structure to be obtained, thereby 
providing direct correlation between given structural features and their corresponding spectra 
within a singleacquisition set.
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• In-grown stacking faults exhibit two emission regions
• Body of fault gives off deep blue EL
• Rectangular region near right edge of fault emits a teal color
• Rectangular region emits over a broader range
• Appears to be region where SF penetrates into pn junction at top of diode

IN-GROWN STACKING FAULTS
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• Rectangular region (Region 4) is where IGSF penetrates pn junction
• Additional recombination pathway exists:
 • Preferred Pathway → e- trapped in IGSF recombine with h+ in VB
 • Alternate Pathway → e- trapped in IGSF recombine with non-ionized h+ at acceptor levels
 • Consistent with observations of Caldwell et al. APL 89, 103519 (2006), where IGSFs exhibited bright EL and  
 PL at surface and anticipated to be due to recombination at acceptors
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RECOMBINATION-INDUCED STACKING FAULTS

IMPLANT-INDUCED DEFECT BANDS
• Implants in ‘belts’ surrounding diodes
• Real Color EL indicates that the belts emit 
differently
 • Boron implant belt → greenish-yellow hue
 • Aluminum implant belt → dull blue hue
 • No implants → bright yellow belt

• HSI spectra;
 • Boron Implant belt → peak near 645 nm (1.92 eV) and ~700 nm
 • Aluminum Implant Belt → peak near 700 nm and sharp peak at 836 nm (1.48 eV)
 • No implants → peak near 700 nm; potentially a short wavelength shoulder
 • All spectra feature 700 nm feature → intrinsic defect within the belt region perhaps due to mesa etch process
 • Origin of 645 nm (Boron) or 836 nm (Aluminum) emission is unclear
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