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Abstract—In this paper, we irradiate a number of silicon power 

Schottky diodes from a variety of manufacturers. The tested 
diodes represent a wide assortment of reverse voltages and 
forward currents. Additionally, we review correlations between 
single-event failures in Schottky diodes and device electrical 
parameters. The spatial locations of failures in the diode are 
discussed, as well as a possible explanation for why the failures 
occur. Based on these correlations to date, we propose a derating 
scheme for Schottky diodes flown in a heavy ion environment and 
suggest screening procedures for decreasing the risks of such 
failures. 
 

Index Terms—Radiation effects, single-event effects, Schottky 
diodes, single-event burnout, single-event charge collection, 
diodes, heavy ion testing, heavy ions, defects, radiation effects in 
devices, radiation hardness assurance, radiation hardness 
assurance testing, semiconductor device radiation effects, and 
silicon. 
 

I. INTRODUCTION 
NTIL THE last few years conventional wisdom held that 
single-event effects (SEEs) could be neglected in silicon 

diodes, as long as voltages were below several hundred volts 
[1-10]. This situation changed in the fall of 2011, when two 
SEE tests of DC-DC converters from two different 
manufacturers revealed a hitherto unknown destructive SEE 
mechanism in a Schottky diode [11-15]. When these failures 
were reproduced in the diode piece parts, the NASA 
Electronic Parts and Packaging (NEPP) Program undertook 
the task to elucidate the failure mechanism, ascertain how 
brown the concern was, and assess the hardness assurance 
implications and mitigation techniques for the threat. 

Initially, the only parts tested were the Schottky diodes 
internal to the DC-DC converters in which the failures were 
observed. During this testing, it was quickly determined that 
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the parts are only sensitive when reverse biased, and the diodes 
become less sensitive to heavy ions with increasing angle of 
incidence (i.e., normal incidence is the worst case). Further, 
the sensitivity also appears to decrease with increasing 
temperature. This is all crucial information for determining 
failure rates and discerning the failure mechanism, but still 
does not tell us how these parts may actually be flown in a 
heavy-ion environment. In this work, we present the results of 
irradiating a wide range of high-power silicon Schottky diodes 
and present a derating scheme for use of these parts in 
radiation environments. Additionally, we discuss correlations 
between failures and several electrical parameters inherent to 
the tested parts. 

 

II. TEST FACILITIES AND EXPERIMENTAL SET-UP 

A. Parts Tested 
A total of 45 types of Schottky diodes from ten different 

manufacturers were tested in this work. All of the devices 
under test (DUTs) presented in this work were tested at 
Lawrence Berkeley National Laboratory’s (LBNL) 88” 
cyclotron using the 10 MeV/amu beam cocktail [16]. Table I 
shows the beam characteristics for the ion used, Xe.  

 
All of the parts tested are silicon power Schottky diodes, 

representing a wide range of commercially available diodes. 
Table II shows the diodes tested, as well as relevant electrical 
parameters as specified in the manufacturer datasheets. Before 
irradiation, the parts were chemically delidded, and mounted 
on daughtercards. The tested diodes represent a mix of both 
single and dual parts. The dual parts are either manufactured in 
a common cathode configuration on the same die or they were 
packaged as a common cathode with two separate die attached 
to the same package. The basic schematic for both of these 
configurations is shown in Fig. 1. When irradiating the dual 
parts, voltage was only applied to one side at a time, allowing 
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TABLE I 
HEAVY ION BEAM CHARACTERISTICS 

Ion Energy 
(MeV) 

Cocktail 
(MeV/amu) 

LET 
(MeV-cm2/mg) 

Range in Si 
(μm) 

54Xe 1233 10 58.8 90 
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for two datapoints to be obtained from each device. At a 
minimum, three diodes were tested for each manufacturer part 
type, and the actual number of diodes of each part type that 
were tested is also shown in Table II. The tests were conducted 
using a motherboard capable of mounting six devices under 
test (DUTs) on daughtercards at a time. 
 

B. Hardness Assurance Technique 
While [11-15, 17] showed that Schottky diodes are 

susceptible to destructive single-event effects, it is not known 
just how susceptible. NASA Standard “EEE-INST-002: 
Instructions for EEE Parts Selection, Screening, Qualification, 
and Derating” [18] requires the drain-source voltage for power 
MOSFETs be derated to 75% of the device specification. It 
also specifies that Schottky diodes be derated to 70% of the 
maximum reverse voltage. These deratings are solely for 
electrical stress, so the purpose of this work is to determine if 
that is sufficient for a heavy ion environment, or whether a 
larger derating is required. 

In order to determine what percentage is required to ensure 
Schottky diodes will survive in a heavy-ion environment, a 
“go/no go” test was established. All diodes were reverse 
biased and irradiated with 1233 MeV Xe (LET = 58.8 MeV-

 
 
Fig. 1. Common cathode Schottky diode configuration. The anode of 
each diode can be independently biased, while the cathodes are 
grounded. 

TABLE II 
THE SCHOTTKY DIODES IRRADIATED IN THIS WORK AND SELECT ELECTRICAL PARAMETERS AS SPECIFIED IN THE MANUFACTURERS’ DATASHEETS 

Manufacturer Part Number 
Single or 
Dual Part 

Reverse 
Voltage (V) 

Forward 
Current (A) 

Max Forward 
Voltage @IF (V) 

Max Reverse 
Current (mA) 

Number of 
Parts Tested 

Diodes Inc. MBR2045 Dual 45 10 0.64 0.1 3 
Diodes Inc. MBR2060 Dual 60 10 0.81 0.1 3 
Diodes Inc. MBRF20100 Dual 100 10 0.84 0.05 4 
Diodes Inc. MBRF30100 Dual 100 15 0.84 0.5 4 
Diodes Inc. MBR20200 Dual 200 10 0.89 0.1 4 
Fairchild Semiconductor FYPF1545 Dual 45 7.5 0.55 1.0 3 
Fairchild Semiconductor FYPF2045 Dual 45 10 0.55 1.0 3 
Fairchild Semiconductor FYPF2006 Dual 60 10 0.58 1.0 3 
Fairchild Semiconductor FYPF1010 Dual 100 5 0.75 1.0 3 
Fairchild Semiconductor FYPF2010 Dual 100 10 0.77 0.1 3 
Fairchild Semiconductor MBR3045 Dual 45 15 0.62 1.0 4 
Fairchild Semiconductor MBR20100 Dual 100 10 0.80 0.2 3 
Fairchild Semiconductor MBR20200 Dual 200 10 0.90 0.2 3 
International Rectifier 10YQ045C Single 45 5 0.73 0.5 3 
International Rectifier 16SCYQ045C Single 45 8 0.50 0.4 3 
International Rectifier 16SCYQ060C Single 60 8 0.58 0.68 3 
International Rectifier 15CGQ100 Single 100 15 0.95 0.5 3 
International Rectifier 16CYQ150C Single 150 8 0.91 0.5 4 
Microsemi FST30100 Dual 100 15 0.85 0.5 3 
NXP Semiconductor NSXPS20H100 Dual 100 10 0.77 0.0045 3 
ON Semiconductor MBRF2045 Dual 45 10 0.64 0.1 4 
ON Semiconductor MBR4045 Dual 45 20 0.70 1.0 3 
ON Semiconductor MBR6045 Dual 45 30 0.62 1.0 4 
ON Semiconductor MBRB2060 Dual 60 10 0.80 0.15 3 
ON Semiconductor MBR2080 Dual 80 10 0.85 0.1 3 
ON Semiconductor MBRF20100 Dual 100 10 0.85 0.15 3 
ON Semiconductor MBR20200 Dual 200 10 0.90 1.0 33 
Power Integrations LXA03T600 Single 600 3 3.10 0.25 11 
Power Integrations LXA20T600 Single 600 20 3.10 0.25 11 
Rohm Semiconductor RB205T-60 Dual 60 7.5 0.58 0.6 3 
STMicroelectronics STPS1045 Dual 45 10 0.75 0.1 2 
STMicroelectronics STPS4045 Dual 45 20 0.76 0.2 4 
STMicroelectronics STPS40M60 Dual 60 20 0.595 0.11 4 
STMicroelectronics STPS20100 Dual 100 10 0.78 0.03 6 
STMicroelectronics STPS30H100 Dual 100 15 0.80 0.005 3 
STMicroelectronics STPS20200 Dual 200 10 0.86 0.015 4 
STMicroelectronics STPS60SM200 Dual 200 30 0.83 0.05 3 
Vishay Semiconductor MBR4045 Dual 45 20 0.60 1.0 3 
Vishay Semiconductor MBR20100 Dual 100 10 0.80 0.1 3 
Vishay Semiconductor MBR60100 Dual 100 30 0.82 0.1 3 
Vishay Semiconductor MBR20H200 Dual 200 10 0.88 0.005 3 
Vishay Semiconductor SBL8L40 Single 40 8 0.50 1.0 3 
Vishay Semiconductor SBL1040 Single 40 10 0.60 1.0 3 
Vishay Semiconductor SBL3040 Dual 40 15 0.55 1.0 3 
Vishay Semiconductor VS-APH3006 Single 600 30 2.65 0.03 5 
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cm2/mg). After each beam run, the forward voltage, reverse 
voltage, and reverse current were measured. 

For each part type, the first diode was irradiated while 
biased at 100% of the rated reverse voltage. If that part passed, 
then two more were irradiated at the full reverse voltage to 
ensure sufficient statistics. However, if the first part failed at 
100%, then the second DUT was irradiated while biased at 
75% of the reverse voltage. As with the first diode, if the 
second passed at 75%, then the third (and fourth when 
available) DUTs were biased at 75% during the test run. If the 
second DUT failed at 75%, then the third was biased at 50% of 
the reverse voltage. If the third DUT should fail at 50%, then 
the fourth (and final) DUT was irradiated at 25% of the rated 
reverse voltage. This test flow is illustrated in Fig 2. 

 

III. TEST RESULTS 
Four different conditions were observed during the beam 

runs. Some parts failed shortly after the beam was turned on. 
In these cases, the failure always manifested as a short between 
the anode and cathode, and the source measurement unit 
(SMU) reached the compliance setting until power was 
removed. In this work, this is described as a catastrophic 
failure, and an example is shown in Fig. 3. The second 
response we observed showed an incremental increase in 

reverse current during the beam run. For this kind of 
degradation, individual ions cause discrete damage, 
corresponding to stepwise increases in reverse current. Each of 
these increases were larger than the maximum specified 
reverse current. (See Fig. 4.) Then, while measuring the post-
rad parameters, a portion of these parts exhibited decreased 
reverse voltages, and the reverse current greatly increased, 
often to the point where the SMUs reached compliance. This 

 
 
Fig. 2. Test flow for determining how to derate Schottky diodes to ensure 
survivability in a single-event environment. 

 
 
Fig. 3. A catastrophic failure observed while a DUT was being irradiated. 
The anode and cathode shorted due to the heavy ion strike, and the 
current was only limited by the SMU. After irradiation, the reverse 
voltage was well below the specification, as well as below the pre-
irradiation measurements. Typically, the forward voltage was also 
affected in these cases. 

 
 
Fig. 4. A type of degradation observed while a DUT was being irradiated. 
In this case, each increase in reverse current exceeded the manufacturer’s 
specified maximum for reverse leakage current. The electrical parameters 
measured after irradiation were outside of the manufacturer’s 
specification. This was classified as a device failure.  

 
 
Fig. 6. The reverse current of a part that experienced only minimal charge 
collection while being irradiated. All tested parameters remained within 
specification. Parts that experienced this condition were considered to 
have passed. 

 
 
Fig. 5. A type of degradation observed while a DUT was being irradiated. 
The electrical parameters measured after irradiation remained within the 
manufacturer’s specifications, and these devices were classified as 
passing. 
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condition was also considered a device failure. The example 
shown in Fig. 5 shows a part where ions caused slow, 
continual increases in the reverse current during the beam run 
that was remained after the beam was turned off. In this case, 
the electrical parameters measured after irradiation all 
remained within specification. These parts were considered to 
have passed. The final condition was simply that charge 
collection was observed during the beam run, and the post-run 
measurements were all within specifications. In this case, no 
degradation or failures were observed. An example is shown in 
Fig. 6. 

In previous work, when a threshold for failure has been 
found, it has been at several thousand volts. In this previous 
work. Failures have been observed at a number of ions, and 
typically all of the failures have been at very high voltages 
(1050 V [10], 1700 V [6], 2000 V [3], 2500 V [2], 2700 V [9], 
3500 V [9], ≥3600 V [1], 4000 V [3, 5, 7], 4500 V [2, 4], 
5000 V [4], and >6000 V [4]). However, in [7], the authors 
observed that failures could occur at breakdown voltages 
(another name for reverse voltage) as low as 500 V. In this 
work, failures were observed in Schottky diodes at rated 
reverse voltages as low as 45 V. While in the previous work, 
the tested parts were not Schottky diodes, but p-i-n or p-n 
diodes. 

Fig. 7 shows a summary of all the results of this testing for 
each part type. Of the 45 different parts tested, 20 passed with 
no degradation or failures during the beam run when biased at 
100% of the rated reverse voltage. This is shown with the solid 
black bars in the figure. Two parts showed degradation when 
biased at 100%, but all parameters were within specification 
during the post-run measurements (shown as solid dark gray 

bars). None of these passing with degradation parts were 
irradiated at lower voltages, but presumably no degradation 
would have been observed for such runs. The remaining 23 
part types experienced some sort of failure when biased at 
100% of the reverse voltage, either catastrophic failure (21 
part types) or degradation during the run and failure in the 
post-run measurements (2 part types). 

When the two parts that experience degradation and failure 
were tested at 75% of their reverse voltages, they both 
experienced degradation, but all the post-rad measurements, 
this time, were within specification. These are indicated by the 
bars with light gray from 75% to 100% and the rest of the bar 
is dark gray. Of the 21 that saw catastrophic failure, three 
passed with only charge collection for the 75% derating. In 
Fig. 7, these are white from 75% to 100% and then black for 
the rest of the bar. 8 parts also passed at 75%, but they did 
exhibit degradation while being irradiated. These are indicated 
with white and dark gray bars. Two parts also showed 
degradation, but failed due to the parameters being out of 
specification post-rad. These part types were then further 
derated to 50%, at which point they both passed with no 
degradation. These are shown with white from 75% to 100%, 
light gray from 50% to 75%, and then black from 0% to 50%. 
Eight parts that experienced catastrophic failure at 100% also 
experienced catastrophic failure at 75% of their reverse 
voltage. When derated down to 50%, no failures or 
degradation were observed. These are indicated by white from 
50% to 100%, and then black from 0% to 50%. The only 
remaining part tested, which is shown as white from 75% to 
100% and then shaded with white and black hash lines from 
0% to 75%, passed with only minimal charge collection for the 

 
 

Fig. 7. A summary of the result of irradiating 38 different Schottky diode part types. The white indicates the percent of rated reverse voltage where 
immediate catastrophic failure occurred. Light gray indicates the percent of rated reverse voltage where degradation was observed during the run, and then 
the post-irradiation measurements indicated the device had failed. Dark gray indicates degradation was observed, but all post-run parameters were within 
specification. Black indicates the parts passed with no degradation; while the black and white shaded area indicates the conditions were not tested in that 
device. 
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first two DUTs tested. However, the other two experienced 
catastrophic failure. Unfortunately, no more DUTs were 
available at the time for testing, so it could not be determined 
at the time whether these parts would have failed at 75% of the 
rated voltage or less. Figs. 8a-8c graphically summarize the 
passes and fails for each derating condition described above. 
In these figures, when a part passes at the higher voltage, it is 
then not included in the lower derating figures. 

As can be seen in these figures, for all parts tested in this 
work, no DUTs failed or degraded when biased at 50%. While 
no parts were irradiated at the 70% minimum derating required 
by EEE-INST-002, the testing completed at 75% derating is 
near enough when considering part-to-part variability. This 
electrical stress derating is likely not sufficient for single-event 
effects, and a more aggressive 50% derating should be used.  

Although it appears that a 50% derating on reverse voltage 
may be sufficient to allow use of Schottky diodes in heavy-ion 
environments, such a derating may not be possible in all 
situations. It would also be useful to have methods for 
screening candidate parts based on their manufacturer 
specifications so as to select parts that pose minimum risk. No 
relationship was immediately obvious; the failures ranged 
across all reverse voltages and forward currents. In the next 
sections, we discuss whether the barrier heights, reverse 
currents, and forward voltages might correlate with failure 
risk. 

A. Implication of Barrier Height on Failures 
Barrier height in Schottky diodes affects a variety of 

parameters, including leakage current and forward voltage. 
Devices with high barrier heights have high forward voltages 
(due to the forward current dependence on barrier height) and, 
at elevated temperature, high leakage currents. Likewise, low 
barrier height diodes have low forward voltage and low 
leakage current at elevated temperatures. Several 
manufacturers, including Vishay and Diodes, Inc., have low-
barrier-height product lines, which are also advertised as 
having low forward voltages. Part numbers from these lines 
generally start with “SBL,” three of which was investigated in 
this work. 

The die size also has an implication on the leakage current 
and forward voltage, but typically the die size is chosen such 
that the current density remains at reasonable levels. Then, the 
barrier height is adjusted until the other parameters reach 
acceptable levels. Barrier height is not a parameter typically 
listed in datasheets, but can be calculated from device 
measurements or derived from the part datasheet. 

By employing the forward current equation for moderately-
doped Schottky diodes [18] 

         (1) 
and deriving the zero-volt current density, we can solve for the 
barrier height [18]: 

           (2) 

To find the zero-volt current density, JS, the zero-volt 
current, IS, and the active die area are both required. The 
active die area can be approximated by measuring the die 
dimensions of the die and multiplying by 90%. The zero-volt 
current can be derived by measuring the forward currents at a 
minimum of three forward voltages, and then extrapolating to 
the current at 0 V. The voltages at which the forward currents 
are measured must be sufficiently low to ensure the currents 
are in the flat region of the curve on a log scale. However, 
designers often will not have parts on-hand for making these 
measurements, especially when the decision has not been made 
as to which parts will be chosen. In this case, the required 
datapoints can be approximated from the datasheet. IF-VF 
curves are typically included in each datasheet for a number of 
temperatures, and the necessary IF values can be obtained from 
these curves. Again, the values on the graph chosen must be 
within the flat region of the IF-VF curve. IS would be then be 
extrapolated in the same way as when the IF values are 
measured. 

 The temperatures in equations (1) and (2) are in Kelvin, 
and, in our case, are room temperature, approximately 300K. 
All of the remaining terms in the equations are constants. k is 
Boltzmann’s constant and is defined as 8.617332x10-5 . q, in 
this case, is charge in eV, which is simply 1.0. Finally, the A** 
used here is the theoretical Richardson’s constant, 

 
(a)              (b)              (c) 

 
Fig.8. When the reverse voltage is decreased from (a) 100% to (b) 75% to (c) 50% of the rated reverse voltage, the number of devices that fail during 
irradiation descreases until all parts pass. 
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1.20173x106 . The material and orientation of the lattice 
structure can affect this value, but the theoretical value is fine 
for our approximations here. 

Figs. 9a and 9b show the failures (black Xs) and passes 
(gray Os) as a function the barrier height, as well as the 
forward voltage and the reverse voltage, respectively. There is 
a clear line at barrier heights of approximately 0.72 eV. Below 
this point, no failures were observed in parts biased at 100% of 
the reverse voltage. Parts with barrier heights greater than 0.72 
eV almost exclusively failed during the beam runs while 
biased at 100% of the reverse voltage. Parts with barrier 
heights near or above 0.72 eV should be tested if heavy ion 
data does not exist. 

B. Implication of Reverse Current on Failures 
Much as with barrier height, there is a strong dependence of 

the failures on the reverse current rating. Figs. 10a and 10b 
show the fails and passes when biased at 100% of the rated 
reverse voltage as a function of reverse current versus forward 
voltage and reverse voltage, respectively. The parts in which 
failure was observed are tightly grouped together for parts with 

a rated reverse current less than 200 μA. There are, however, 
three failures well above of this grouping (two are overlapping 
in Fig. 10a.) 

If the same figures are plotted for the data acquired when 
the parts are biased at 75% of the rated reverse voltage, as in 
Figs 11a and 11b, all but one of the anomalous failures from 
the previous dataset becomes a pass. Interestingly, the 
remaining failure that is outside the low reverse current 
grouping was the ON Semiconductor MBR20200CT. This was 
the first part in which these failures were observed in a DC-DC 
converter. This part has also been fully characterized over a 
wide range of voltages [15], and has been found to be 
susceptible to ions as light as Ne, which has an LET of 3.5 
MeV-cm2/mg. It is possible this part is just particularly 
susceptible to heavy ions, moreso than any other part we have 
tested. 

C. Implication of Forward Voltage on Failures 
Because forward voltage depends on the barrier height, and 

it has already been shown that there is a strong correlation 
between barrier height and failures, it is necessary also to 

 
(a) 

 
(b) 

 
Fig. 9. Failures observed at 100% of the rated reverse voltage in the 
tested Schottky diodes show a strong correlation with the parts’ barrier 
heights. The (a) forward voltage and (b) reverse voltage are shown versus 
the barrier height for all the parts tested.  

 
(a) 

 
(b) 

 
Fig. 10. Failures observed at 100% of the rated reverse voltage in the 
tested Schottky diodes show a strong correlation with the manufacturers’ 
rated reverse current for each part. The reverse current verse the (a) 
forward voltage and versus (b) forward current are shown versus the 
barrier for all the parts tested. 
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compare the forward voltage of these parts and the failures. A 
correlation between the failures and VF would be especially 
helpful, since these values are readily found in the datasheets, 
and no additional derivations or calculations would be 
required. Figs. 12a and 12b show the failures at 100% of the 
reverse voltage plotted against the forward voltage. 
Manufacturers’ datasheets typically list several forward 
voltages, one each for a number of forward current values. The 
datasheets usually specify the VF at the per-diode rated reverse 
current, as well as the per-device (twice the per-diode since 
these are dual parts.) The forward voltages plotted here are all 
per-diode. As can be seen in these figures, there is less of a 
correlation than observed with barrier height. This may be due 
to the fact that forward voltage is specified at the per-diode 
forward current, so the specified forward current becomes 
conflated with the forward voltage. There is no obvious way to 
normalize the forward voltage across all the part types with 
different reverse voltages and different forward currents. 
However, the diodes do appear to be slightly more likely to 
fail when the forward voltage is greater than or equal to 0.6 V. 

 

IV. FAILURE ANALYSIS 
Optical examination of failures in the DC-DC converters in 

which these failures were originally observed indicated the 
locations of the failures were along the guardring and several 
hundred microns away from the guardring. In other recent 
Schottky diode destructive SEE analysis, the Aerospace 
Corporation found that the failure locations were only along 
the guardring [17].  

No failure locations could be observed with the bare eye in 
the parts irradiated in this work. This is attributable to the 
current limiting that occurs when the SMUs reach compliance 
after a failure is observed. Because the failed devices are not 
allowed infinite current, no large failure locations are visible. 
In order to truly determine the failure location, a thermal 
camera attached to a microscope was used. A small voltage 
was applied to the diode until the failure location became 
heated from the large current flowing from the shorted anode 
to the cathode. Fig. 12 shows the failure locations found using 
the thermal camera in (a) Vishay MBR20100CT, (b) ON 
Semiconductor MBR20200CT, (c) ON Semiconductor 
MBRF200100CTG, and (d) Fairchild MBR20200CTTU 

 
(a) 

 
(b) 

 
Fig. 11. When the derating is reduced to 75% of the reverse voltage, the 
failures in Schottky diodes show a stronger relationship with the 
manufacturers’ rated reverse current for each part. The reverse current 
verse the (a) forward voltage and versus (b) forward current are shown 
versus the barrier for all the parts tested. 
 
 

 
(a) 

 
(b) 

 
Fig. 12. There appears to be a weaker dependence on the forward voltage 
with device failures. Shown here are the (a) reverse voltage and (b) 
forward currents. 
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samples. In the Vishay MBR20100CT and the ON 
Semiconductor MBR20200CT samples, the failure locations 
are hundreds of microns away from the guardring. However, in 
the Vishay part, there is an elevated temperature location in the 
guardring. All parts are irradiated at normal incidence, so there 
is no direct path between the initial failure location and the 
elevated temperature spot on the guardring. Unfortunately, the 
locations of the ON Semiconductor MBRF20100CTG and the 
Fairchild Semiconductor MBR202002CTTU are ambiguous. 
The MBRF20100CTG failure location in this sample may be 
along the guardring. The Fairchild MBR20200CTTU failure 
looks like it is under some remaining encapsulant that was not 
completely etched away. The Xe ion could have been slowed 
passing through the encapsulant, losing energy, and increasing 
the ion’s LET. 

In [21-22], the author observed degradation in n-channel 
JFET diodes due to single ion strikes. They found the increase 
in leakage current was due to radiation-induced defects in the 
depletion region. While the reverse voltages they investigated 
are much lower (12 V) than the voltages in this work, the 
degradation signatures are very similar. Additionally, because 
the failures observed in this work are not solely located along 
the guardring, it may further indicate that the degradation is 
caused by junction defects. Further work to explore this 
explanation is necessary. 

 

V. CONCLUSIONS 
While the mechanism of the failures is still unknown, at this 

point, derating to 50% of the reverse voltage appears to ensure 
Schottky diodes will survive a single-event environment. 
Several electrical parameters have been identified that show a 
strong correlation with these failures. These parameters can be 
used to identify Schottky diodes that are less susceptible to 
destructive single-event effects. In particular, parts with barrier 
heights less than 0.72 eV or reverse current specifications 
greater than 200 μA are recommended. Parts with barrier 
heights less than 0.72 eV or reverse currents less than or equal 
to 200 μA should be tested under the specific application 
conditions. This is especially true if an application requires a 
part be derating at a percentage greater than 50%. 

Additionally, the failure locations from this work are not 
located solely along the guardring, suggesting that they are not 
the cause of the failures like previously assumed. Additionally, 

the location of the failures seems to correspond with previous 
work on junction defects in JFET diodes. 
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