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This paper presents OBIC measurements performed at near breakdown voltage on two devices with different JTE doses. Overcurrent has been measured either at the JTE periphery or at the P + border. Such overcurrent is present due to the electric field enhancement near the breakdown voltage. This hypothesis is proved by the electroluminescence. TCAD simulation of two different JTE doses yielded similar results to the OBIC measurements.

Introduction

Silicon Carbide (SiC) is an attractive semiconductor material for high power and high temperature applications. In order to reach the expected breakdown voltage, an effective junction termination is required to spread the peripheral electrical field lines. Among different techniques used for periphery protection, a Junction Termination Extension (JTE) is often chosen. The key parameters are the accurate dose of the electrically activated implanted dopants and the control of the semiconductor surface charge passivation. In order to check the implanted dose, we can use SIMS (Secondary Ion Mass Spectrometry), which is a destructive way to measure the concentration profile of the implanted species. Nevertheless, it does not allow to determine the electrically active dopants, neither is it possible to measure the effective charge density related to the passivation layer used. Optical Beam Induced Current (OBIC) technique is a powerful means to analyze the electric field distribution at the edge of the device periphery without damaging it. In this paper, the OBIC technique is applied to high voltage bipolar diodes to analyze the experimental behavior of the periphery protection with respect to the applied reverse voltage.

Experimental Setup

In this experimental setup, a 349 nm UV pulsed laser is used to generate electron-hole pairs (EHPs). An optical bench consisting of two semi-reflecting mirrors and a focusing lens is controlled with LabView to move the position (i.e. on x, y and z) of the focal point. At the focal point the spot diameter is about ~30 µm and the beam power density is up to 100 GW/cm 2 . This energy is high enough to generate electron-hole pairs (EHPs), so that an OBIC current could be measured. The OBIC principle has already been described in [1]. The high voltage test devices are placed in a vacuum chamber. The laser beam passes through the vacuum chamber window to reach the device under test. The surface of the diode is scanned with a step of 10 µm at several voltages. The measurements were realized on two different square-shaped bipolar diodes protected with a single JTE, namely device 1 and device 2. Both devices have been realized on a thick 4H-SiC n-type epilayer, doped at ~1´10 15 cm -3 . The main difference is the Al doping level of the JTE and the epilayer thickness, as described in Table 1.

Table 1. Specifications of the two devices under test The metallized anode contact is square-shaped, with a side length of 720 µm, and a corner curvature radius of 200 µm. A cross section of the device is shown in Fig. 1.

The surface of the diode is scanned by the laser beam focused by several lenses to a spot size of ~30 µm. A schematic description and a picture of the experimental bench are shown in Fig. 2. The measurement is performed in a vacuum chamber able to sustain high voltages up to 10 kV.

Results and Analysis

Tests have been carried out at voltages between 800 V to 2850 V as shown in Fig. 3 for device 1 and for device 2. For the voltages near breakdown the electric field becomes high. Consequently, the
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EHPs, which are generated by the UV beam in the space charge region are accelerated by this high electric field, thereby acquiring enough kinetic energy to generate new EHPs, through impact ionization. This is the pre-avalanche regime, which leads to an increase of the OBIC signal [1]. Fig. 3. OBIC current measured at different increasing voltages on device #1 (left) and device #2 (right).

For device #1 having the high JTE dose, an increase in the OBIC signal could be observed at the edge of the JTE near the breakdown voltage. This phenomenon is correlated with the observed electroluminescence due to the radiative recombination of EHPs generated by avalanche multiplication [2][3], as shown in Fig. 4 left. For device #2 having a low JTE dose, near the breakdown voltage an increase in the OBIC signal could be observed at the edge of the P + region. In this case also the phenomenon can be correlated with the observed electroluminescence as shown in Fig. 4 right.

TCAD simulations have been performed on both structures using Sentaurus Synopsys [START_REF]Sentaurus Device User Guide Version F[END_REF]. The description of the device structure takes into account the real doping levels and dimensions. We Simulation results confirm that a JTE with a high dose (device #1) the OBIC signal is more intense at the JTE border, due to higher electric field at this exact point. In the case of the lower JTE dose (device #2) the highest OBIC current intensity is obtained at the P + border, since the JTE fails to protect and the highest electric field is located at the anode border.

Summary

This paper presents OBIC measurements performed on JTE-protected bipolar diodes at near breakdown voltages. Two bipolar diodes with different JTE doses (i.e. high and low) have been analyzed. A strong discrepancy appears from one device to another, which is correlated with electroluminescence and simulation results. 
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 1 Fig. 1. Cross section of the protected bipolar PiN diode.

Fig. 2 .

 2 Fig. 2. Schematic of OBIC experimental bench (left), and picture of the setup (right)

Fig. 4 .

 4 Fig. 4. Electroluminescence observed on device #1 (left) and device #2 (right) near breakdown voltage.

  Fig. 5. Simulation results of OBIC current for both structures (device #1 from 800 V up to 2350 V and device #2 from 1000 up to 2850 V) and the corresponding electric field distribution at near breakdown voltage for both cases.
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