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1. Introduction

The reverse recovery surge of silicon diodes han be
intensively investigated with a view to suppress $lurge
voltage and EMI noise. In order to realize a seftavery,
an optimization of excess carrier distribution Ire tdiode
has been performed by carrier lifetime control [h]a re-
cent study [2], the carrier lifetime profile wastiopized
and the current dependency of the surge voltageimas
proved by backside laser annealing. However, therse
recovery characteristics have an influence on mby the
carrier lifetime profile but also the trap energyéls. The
relationship between the trap energy levels andstirge
voltage has not yet been made clear.

This is the first paper reporting on the effectstrap
energy levels on the surge voltage. The current tand
perature dependency of the surge voltage with rdiffetrap
energy levels was investigated. We found that faresf to
achieve soft recovery in the design of the siligmwer
diodes, the trap energy levels play a crucial edteg with
the carrier lifetime profile.

2. Silicon Power Diode

In order to investigate the relationship betweentthp
energy levels and the surge voltage, He-irradiated the
Pt-diffused diodes were prepared. DLTS measuremnssts
shown in Figure 1 revealed that the main peakhefdi-
odes in which Pt and He were introduced correspbride
E-Ei=0.32eV and 0.1eV, respectively.

3. Results and Discussion
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where W and L are the drift width and ambipolafudifon
length, respectively, and A and B are coefficiefuts the
functions of g and recombination rate (Rrespectively [3].
Then, the relationship betweep gnd R with various trap
energy levels can be established using the SRH Inazde
follows [4],
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whereo is the capture cross section, ig the thermal ve-
locity, Ny is the trap densitys,, is the intrinsic carrier
lifetime in the drift region. Figure 4 shows thermaation
between Rand pcalculated with Eqg. (2). Note that the R
with the & (Rs) and B (Rp) exhibit a different p and
temperature dependence, that i>R;s with low p, and
Rp<Rs with high p,. Moreover, Rs depends strongly on
the temperature.

Figure 5 shows a comparison of the calculated exarri
distribution in the depth direction of the two trapergy
levels obtained with Egs. (1) and (2). The cardiensity is
normalized at the junction X=0. Here, the carriensity
with Esis phs, @and E is pp. At the junction X=W, po<pns
with low current and p>p.s with high current. This is due
to variations in the injected carrier density résgl from
differences in the recombination rate, as seenigarg 4.
The surge voltage becomes higher with decreasg aup
jacent to the cathode relative to that of the ani#shed

Pa
+7
] Thulk

@

Figure 2 shows the measured current and temperatureircles depicted in Figure 5). Therefore, the surgkage

dependency of the surge voltage with differenttilife
control methods. The maximum surge voltage was rgene

with Eg is essentially lower with low current, and higher
with high current than theg= In the case of elevated tem-

ated when the current was low in the case of theperature, g increases and the surge voltage decreases with

He-irradiated diode, and when the current was ligtihe
case of the Pt-diffused diode. In addition, thegsuroltage
of the Pt-diffused diode decreased with increaséem-
perature. Figure 3 shows the simulated current tent
perature dependency of the surge voltage with aha(ks)
and deep (B) level traps. Uniform distribution of the trap
density in the depth direction was assumed. Theilaited
results are similar to the measurements. This atdgthat
the current and temperature dependency of the swige
age can be affected by the trap energy levels.

There is a strong correlation between surge voltage
excess carrier distribution just before the diodm-bff.
The excess carrier distribution.fpn the depth direction
(x) is expressed as [3],
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increase in temperature as shown in Figure 6.

From this numerical analysis based on the SRH model
it was confirmed that variations in recombinatiater due
to trap energy levels have an influence on theetuirand
temperature dependency of surge voltage.

4. Conclusions

In summary, the effects of trap energy levelstiom
surge voltage in the Silicon power diodes were demo
strated. It became clear that variations in recoatimn rate
due to trap energy levels have an influence onstlnge
voltage. The trap energy levels in the silicon podede
play an important role in design for soft switchiag well
as the carrier lifetime profile.
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Fig. 1 Measured DLTS spectra with each lifetimetoirmethod. Fig. 2 Measured current and temperature dependen®covery
surge with each lifetime control method.

1.05
= Deep Level: Ep 1E+24
E T=300K T=425K 'g‘ [ Deep Level: Ep
E o 1E+23 T=300K  T=425K
= 1.00 | 5 E
2 = [
o M = S g 1E+22 F
Soos | = 8 e b
<) o ’ 5 3
= T=425K T=300K = -
3 Shallow Level: Eq 2 1E+20 S T4k T=300K
5090 [ 4 2 F Shallow Level: Eq
2 S 1E+19 -
g ' 8 2
@ / L Low «——— Current Density ——— High
D , , , 1E+18 [ NN I A W W W] I N T W T
085 1E+14 1.E+15 1.E+16 1E+17
0 100 200 300 400 ' ' ' '
Current [A] Excess Carrier Density (p,) [/cm’]
Fig. 3 Simulated current and temperature dependehogcovery  Fig. 4 Calculated correlation between recombinatiate and
surge with each trap energy level. excess carrier density.
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Fig. 5 Comparison of excess carrier distributionthwdifferent  Fig. 6 Comparison of excess carrier distributionthwdifferent
current and trap energy levels. temperature and trap energy levels.

-1238-



