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Overview

The intense proton and heavy ion environment encountered in space applications can cause a variety of Single Event
Effects (SEE) in electronic circuitry, including Single Event Upset (SEU), Single Event Transient (SET), Single Event
Functional Interrupt (SEFI), Single Event Gate Rupture (SEGR), Single Event Latch-Up (SEL), and Single Event
Burnout (SEB). SEE can lead to system-level performance issues including disruption, degradation, and destruction. For
predictable and reliable space system operation, individual electronic components should be characterized to determine
their SEE response. This report discusses the results of SEE testing performed on the ISL75051ASEH 3A, low-dropout
linear regulator. This report also applies to the ISL73051ASEH as it only differs in the TID radiation assurance testing.

Product Description

The ISL75051ASEH and ISL73051ASEH are radiation hardened low-voltage, high-current, single-output LDOs
specified for up to 3.0A of continuous output current. These devices operate over an input voltage range of 2.2V to 6.0V
and are capable of providing an output voltage of 0.8V to 5.0V adjustable, based on resistor divider setting. Dropout
voltages as low as 65mV can be realized using these devices. They are both offered in an 18 Ld CDFP package.

The parts used for the testing described here were from lot 1JLUBO00000. The parts used for SEE testing did not see
temperature testing because they did not have lids to allow irradiation.

Related Literature
« For a full list of related documents, visit our website

+ ISL75051ASEH, ISL73051ASEH product pages

TR062 Rev. 0.00

® om " Page 1 of 15
Feb 12, 2018 inters;jl


http://www.intersil.com/products/isl73051aseh?utm_source=intersil&utm_medium=test-report&utm_campaign=isl75051aseh-3051aseh-see-tr-description
http://www.intersil.com/products/isl73051aseh?utm_source=intersil&utm_medium=test-report&utm_campaign=isl75051aseh-3051aseh-see-tr-references#documents
http://www.intersil.com/products/isl75051aseh?utm_source=intersil&utm_medium=test-report&utm_campaign=isl75051aseh-3051aseh-see-tr-description
http://www.intersil.com/products/isl75051aseh?utm_source=intersil&utm_medium=test-report&utm_campaign=isl75051aseh-3051aseh-see-tr-references#documents
http://www.intersil.com?utm_source=intersil&utm_medium=datasheet&utm_campaign=logo-ds-header
http://www.intersil.com?utm_source=intersil&utm_medium=datasheet&utm_campaign=logo-ds-header

ISL75051ASEH, ISL73051ASEH Single Event Effects (SEE) Testing

1. Test Description

1.1 SEE Test Objectives

The ISL75051ASEH was tested to establish equivalency with the predecessor part ISL75051SRH as reported in
Application Note 1666. This consisted of duplicating tests to determine susceptibility to destructive single event
effects (referred to herein as SEB) and to characterize Single Event Transient (SET) behavior over several
operating conditions and output capacitor values.

1.2 SEE Test Facility

Testing was performed at the Texas A&M University (TAMU) Radiation Effects Facility of the Cyclotron Institute
heavy ion facility. This facility is coupled to a K500 super-conducting cyclotron, which is capable of generating a
wide range of particle beams with the various energy, flux, and fluence levels needed for advanced radiation
testing. Further details on the test facility can be found at the website (http://cyclotron.tamu.edu/). The Devices
Under Test (DUTs) were located in air at 40mm from the Aramica window for the ion beam. Ion LET values are
quoted at the DUT surface. Signals were communicated to and from the DUT test fixture through 20 foot cables
connecting to the control room. The testing reported here was conducted on October 14 and 15 of 2017.

1.3 SEE Test Set-Up

SEE testing was broken into three types of testing. The first type of testing was for destructive SEE effects (termed
SEB/L here). This consisted of putting the device into disabled and enabled operating conditions with various supply
voltages and then irradiating the parts. The second and third types of testing were for Single Event Transients (SET)
on the output voltage for different output conditions and two values of output capacitance, 220uF and 47pF.

For the SEB/L testing, three parameters were monitored before and after irradiation to look for changes indicative
of SEB/L. The first parameter was Vot which was set to a nominal value of 1.8V. In addition to the feedback
divider between VOUT and GND to ADJ, a 100pF capacitance was provided from ADJ to GND. The next two
parameters were the supply current with zero load (other than the feedback resistor divider) and the shutdown (EN
= 0V) supply current.

The test boards were configured so that two ISL75051 ASEH at a time could be irradiated and monitored. The input
(VIN, Pins 12-17) capacitors to GND (Pin 1) for each part were 220uF with a 6mQ ESR (Kemet
T530D227MO10ATE006) in parallel with a 0.1uF ceramic capacitor. The output (VOUT, Pins 2-7) capacitors to
GND were either the same as the input or a 47uF with 35mQ ESR (Kemet T525D476M016ATE035) with the
0.1uF ceramic. The OCP (Pin 11) resistors to GND were 576Q. The PG (Pin 18) was pulled up to VIN by 549Q
resistors. The BYP (Pin 9) was connected to GND by a 0.1puF ceramic capacitor. The EN (Pin 10) was pulled to
VIN with 10kQ resistors. The ADJ (Pin 8) was connected to VOUT by a 4.32kQ resistor in parallel with the series
combination of a 2.67kQ resistor and a 4.7nF capacitor. The feedback network was completed by connecting the
ADIJ to GND through the parallel combination of a 1nF capacitor and either a 1.74kQ resistor (for Vot =1.8V) or
a 442Q resistor (for Vour = 5.6V). These lower feedback resistors were selected by relays so the parts could be
remotely switched between output voltages. VIN and VOUT were Kelvin connected so that high currents did not
interfere with the voltage readings of those nodes. The five control pins (ADJ, EN, OCP, PG, and BYP) were
brought out, along with the Kelvin connections of VIN and VOUT, to the 20 foot cabling to make them accessible
in the irradiation control room.
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1.4

SEB/L Testing of the ISL75051ASEH with Effective LET = 85.6MeV-cm2/mg

Single event burnout and single event latch-up (SEB/L) testing of the ISL75051 ASEH was first done using silver
with LET of 42.8MeV-cm?/mg at an incidence angle of 60° for an effective LET of 85.6MeV-cm?/mg. This
replicated the testing done on the original ISL75051SRH. The SEB/L testing done with silver was done at input
voltages of 6.7V and 7.1V, with the 220uF output capacitor, and used a current load of 20mA when the part was
enabled. The parameters monitored before and after irradiation for indication of SEB/L were the output voltage
(nominally 1.8V), the enabled supply current with zero load current, and the disabled supply current. Irradiations
were done in both the disabled and enabled states. A summary of the results is presented in Table 1 on page 3.

Table 1. SEBI/L testing results data for the ISL75051ASEH irradiated with 60° incidence silver for effective LET of
85.6MeV-cm?2/mg. Each irradiation was to 2x106ion/cm? at a case temperature of +125°C. When enabled, the part
was loaded with 20mA.

Irradiation Vour Iin at 0A oy,
Conditions EN =V Iy at 0A loyT, EN =V EN =GND

ViN EN (V) Pre (V) Delta Pre (mA) Delta Pre (uA) Delta

DUT1 6.7 0 (Note 1) 1.817 0.06% 13.01 0.08% 11.40 -0.18%
ViN 1.815 0.06% 12.98 -0.06% 11.50 -0.35%

71 0 (Note 2) 1.824 -0.05% 13.30 -0.15% 12.04 -0.04%

ViN 1.821 0.27% 13.28 -0.53% 12.04 -0.04%

DUT2 6.7 0 (Note 1) 1.822 0.22% 13.24 0.30% 11.70 0.51%
ViN 1.823 -0.05% 13.31 0.08% 11.80 0.17%

71 0 (Note 2) 1.828 0.00% 13.61 0.29% 12.53 -0.64%

ViN 1.826 0.1% 13.65 0.22% 12.45 -0.24%

DUT45 6.7 0 (Note 1) 1.821 0.00% 12.96 0.15% 11.40 0.18%
ViN 1.821 0.00% 12.98 -0.46% 11.42 -0.09%

71 0 (Note 2) 1.823 0.22% 13.14 0.15% 11.99 0.00%

ViN 1.827 -0.11% 13.16 0.15% 11.99 -0.50%

DUT46 6.7 0 (Note 1) 1.819 -0.11% 13.20 0.00% 11.80 -0.17%
ViN 1.817 0.1% 13.20 0.15% 11.78 0.17%

71 0 (Note 2) 1.824 -0.11% 13.57 -0.07% 12.48 -0.06%

ViN 1.822 -0.05% 13.57 -0.22% 12.47 -0.50%

Notes:

1. Occasional Iy events up to 30mA occurred and resolved if ion beam remained. If the ion beam was stopped during such an

event, the elevated |y continued until the part was power cycled.

2. Occasional |y events up to 200mA occurred and resolved if ion beam remained. If the ion beam was stopped during such an

event, the elevated Iy continued until the part was power cycled.

Although no permanent damage was observed in the irradiation runs represented in Table 1, events occurred
(Notes 1 and 2) that appeared to be Single Event Latch-Up (SEL). The supply current exhibited a sudden increase
during irradiation for the disabled state. If the ion beam was continued, the currents would switch back to the
normal levels. If the ion beam was stopped during a high current event, the high current would remain until a power
cycle was performed on the part. After the power cycle, the current returned to the pre-irradiation level, indicating

no permanent damage had occurred. These SEL events were not noted in the testing of the original part

(ISL75051SRH), but because the SEL events resolved under continued irradiation it is possible that such events
were simply not noted in that original testing.

SEB/L testing of the ISL75051ASEH was next done using normal incidence gold for a LET of 86.3MeV-cm?/mg.
The testing repeated the methodology of the testing with silver with the exception of the voltages which were 6.2V
and 7.1V. As before, the output capacitor was 220uF and the enabled current load was 20mA.
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Table 2. SEBI/L testing results data for the ISL75051ASEH irradiated with normal incidence gold for LET of
86.3MeV-cm2/mg. Each irradiation was to 1x107ion/cm?2 at a case temperature of +125°C

Irradiation Vour Iy at 0A loyTs Iy at 0A loyT,
Conditions EN =V EN=V|\ EN =GND
VN EN (V) Pre (V) Delta Pre (mA) Delta Pre (mA) Delta
DUT17 6.2 0 1.816 0.2% 13.060 0.0% 11.200 0.0%
ViN 1.819 0.2% 13.060 0.1% 11.200 -0.6%
71 0 1.830 0.1% 13.600 1.5% 12.750 0.0%
ViN 1.832 -0.2% 13.800 -2.3% 12.750 0.4%
DUT18 6.2 0 1.819 0.1% 12.380 0.2% 10.500 1.0%
ViN 1.821 0.8% 12.410 0.7% 10.600 -0.2%
71 0 1.843 -0.5% 13.190 -0.7% 12.210 -2.0%
Vin 1.833 0.3% 13.100 1.7% 11.970 12.2%
DUT19 6.2 0 1.814 -0.1% 13.200 0.2% 11.100 0.1%
ViN 1.813 -0.1% 13.200 0.2% 11.110 1.2%
71 0 1.818 1.3% 13.920 593.2% 12.730 559.9%
ViN
DUT20 6.2 0 1.815 0.1% 12.500 0.0% 10.540 0.1%
ViN 1.816 -0.1% 12.500 0.0% 10.550 -0.1%
71 0 1.816 -100.0% 13.150 -37.6% 12.150 492.6%
ViN

Note: Shaded entries indicate a test failure, a delta in excess of 3%.

The results of the SEB/L testing with gold as shown in Table 2 indicate that the ISL75051 ASEH is immune to both
SEB and SEL when operated at Vi = 6.2V and irradiated with ions of LET 86.3MeV-cm?/mg. It is clear that

operation at V= 7.1V along with irradiation of 86.3MeV-cm?2/mg can lead to destructive events.

1.5

SET Testing of the ISL75051ASEH with LET = 85.6 MeV-cm2/mg and 220uF

SET testing was carried out with silver at 60° incidence for an effective LET of 85.6MeV-cm?/mg. A set of four
parts had 220uF output capacitors. The parts were configured so that two parts at a time could be irradiated and
monitored. A summary of the SET that exceeded £15mV deviation (trigger level) on the output for the 220uF

output capacitor is presented in Table 3.

Table 3. Voyt #15mV deviation SET counts for irradiation with silver at 60° incidence for effective LET of
85.6MeV-cm?2/mg to 2x108ion/cm? at +25°C ambient. The output capacitance in this case was 220uF with an ESR

of 6mQ.

Vin Vour lout 115mV Vgyr SET Counts

V) v) (A) DUT40 DUT41 DUT23 DUT24
22 1.8 0.1 604 216 386 122

22 1.8 3.0 2127 731 2018 885

4.0 1.8 0.1 1408 220 1325 172

4.0 1.8 1.0 1945 837 1782 884

6.0 5.6 0.1 3057 790 1225 735

6.0 5.6 3.0 2553 1012 1599 2131
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There appears to be a large difference in event counts according to DUTs. This count difference is in the small
magnitude transients near the trigger level. The large magnitude transients were very similar across DUTs, but the
results for DUT40 were consistently slightly larger in magnitude. For this reason, DUT40 will be used to provide
example SET in the following discussion.

The SET in Figure 1 is the largest positive SET captured for the operating conditions given. The determination of
the largest SET was based on the waveform following 4us from the trigger point (time = 0) so as to exclude this
initial spike. The initial positive spike is slightly truncated at about 1.90V by the oscilloscope capture settings, but
it appears to be approximately 100mV in magnitude, and it is less than 2us in duration. During the positive spike, a
charge was injected into the output capacitor (220pF) and resulted in the 18mV rise in output voltage as seen at
about Sus. This 18mV was the maximum such charging observed for the operating conditions. This over charge of
the capacitor then decayed linearly according to the 100mA load current. The decay of the 18mV took roughly
30us to the point where LDO regulation returned. Only ten of the SET captured (604) had capacitor voltage rises of
greater than 15mV. Only 35 SET events exceeded a 10mV capacitor voltage rise. In fact, 83% of the events had less
than +4mV output change beyond 4ps from trigger.

1.88

w r\w
Np—

10 0 10 20 30 40 50 60
TIME (us)

Figure 1. Largest SET (DUT40, trace 560) measured beyond 4us from trigger with Vj\ = 2.2V, Vo1 = 1.8V,
lout = 100mA, and Cqyt = 220pF irradiated with silver at 60° incidence (effective LET of 85.6MeV-cm?2/mg).

One question that follows from Figure 1 is whether the capacitor change varies with the difference between the
supply voltage and the output voltage. To answer this question the largest DUT40 SET for the case of Vi =4.0V
to Voyur = 1.8V at 100mA is presented in Figure 2 on page 6. Although the initial spike seems somewhat stronger
(though still truncated at about 1.90V), the capacitor voltage change is slightly smaller at 17mV. Because this is the
same DUT40 and board, it seems that the differential between input voltage and output voltage is not important to
the SET charging of the output capacitor.
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Figure 2. Largest SET (DUT40, trace 845) measured beyond 4ps from trigger with V|y = 4.0V, Vo1 = 1.8V,
loyt = 100mA, and Cqoyt = 220pF irradiated with silver at 60° incidence (effective LET of 85.6MeV-cm2/mg).

The next question is whether the SET changes with output voltage. This question is explored by Figure 3 which
shows the largest positive capacitor charging for the case of V= 6.0V and Vgt = 5.6V. The capacitor charging
is only about 13mV, somewhat less than the 18mV in the case of Figure 1. It is not clear why the largest positive
charging of the output capacitor should be less when operating at V= 6.0V and Vo = 5.6V than with
Vin=2.2V and Vgyr = 1.8V, but the results represented in Figures 1 and 3 certainly imply this. Because it is the
same DUT40 and test board in both cases, the difference seems to be limited to a result of the operating conditions.
At the lower voltages the output capacitor was changed to an 18mV rise, whereas at the higher voltages the rise was
only about 13mV. It should be noted that for the conditions of Figures 1 through 3 (I5y = 100mA) there were no
negative going SET excursions of magnitude more than 10mV.
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Figure 3. Largest positive SET (DUT40, trace 644) measured beyond 4us from trigger with V| = 6.0V, Vgoyt = 5.6V,
lout = 100mA, and Cqyt = 220pF irradiated with silver at 60° incidence (effective LET of 85.6MeV-cm?2/mg).
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Increasing the load current from 100mA to 3A modified the form of the SETs. Figure 4 shows the largest positive
capacitor change for the case of Vi =2.2V, Voyt = 1.8V, Igyr = 3A, and Cyyr = 220uF. In this case, the leading
positive spike is only about 30mV and the capacitor change is less than SmV. Clearly the heavy load suppresses
positive SET.

1.835
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Figure 4. Largest positive SET (DUT40, trace 5) measured beyond 4us from trigger with V|y = 2.2V, Vo1 = 1.8V,
lout = 3A, and Cgyt = 2204F irradiated with silver at 60° incidence (effective LET of 85.6MeV-cm2/mg).

However, the 3A current leads to negative voltage SETs that were not seen at 100mA. The largest negative SET for
the case of Vi =2.2V, Vour = 1.8V, Igyt = 3A, and Coyr = 220uF is presented in Figure 5. In this case, the SET
was initiated by a roughly 70mV sudden drop in output voltage that lasted about 3ps. A recovery sequence of
events then took about 20us until regulation was restored. The full span of the SET was about -70mV to +20mV.
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Figure 5. Largest negative SET (DUT40, trace 95) measured beyond 4us from trigger with V| = 2.2V, Vg1 = 1.8V,
lout = 3A, and Coyt = 2204F irradiated with silver at 60° incidence (effective LET of 85.6MeV-cm2/mg).
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The SET observed at Viyy = 4.0V, Vour = 1.8V, Igyr = 3A were minor variations of that seen in Figure 5. They
started with a negative portion ranging to about -30mV for Sus and had recoveries with positive overshoots to
about +20mV and then returning to regulation in about 20yus.

There was one form that seemed new, however. An example of this form is shown in Figure 6. It begins again with
a negative pulse, then seems to recover by 20us, but then has a subsequent negative excursion at about 40us. The
voltage deviations are small at about -10mV and +20mV. Numerous examples of this form, with some variation on
the timing of the second negative excursion indicate that the form was not due to a double ion event.
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Figure 6. Example SET (DUT40, trace 101) measured beyond 4pus from trigger with V|y = 4.0V, Vo1 = 1.8V,
lout = 3A, and Cqyt = 220pF irradiated with silver at 60° incidence (effective LET of 85.6MeV-cm2/mg).

When the voltages were pushed from Vi =2.2V and Voyr = 1.8V as in Figure 5 to Vy = 6.0V and Vg1 = 5.6V
the form of the SET assumed that depicted in Figure 7. This seems to be a cross between Figures 5 and 6. The
recovery sequence from a negative event now is more complicated and takes about 70us to resolve and even then
seems to have a -10mV shift (-0.18%). Even so, the entire event spanned only-70mV to +15mV. At the 5.6V output
level this is only -1.25% and +0.27%.
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Figure 7. Largest negative SET (DUT40, trace 961) measured beyond 4pus from trigger with V|y = 6.0V, Voyt = 5.6V,
lout = 3A, and Cqyr = 2204F irradiated with silver at 60° incidence (effective LET of 85.6MeV-cm?2/mg).
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Examination of Figures 1 through 7 indicate that with the 220uF output capacitor with 6m< of ESR the single
event transients on the output are within +100mV to -70mV, depending on the output current. The low currents
enable the positive events and the high current pushes the events toward the negative deviations. The output
voltage did not seem to have a significant influence on the SET deviations.

1.6 SET Testing of the ISL75051ASEH with LET = 85.6 MeV-cm2/mg and 47uF

Another set of four parts with Coy = 47uF were irradiated as outlined in Table 4. These were intended to provide
an approximate estimate of the impact of the output capacitance. There is still considerable disparity in SET counts.
This comes from the small magnitude SET near the triggering level. SET examples will be taken for DUT21 so
long as they are representative of the other DUT results.

Table 4. Voyt £15mV deviation SET counts for irradiation with silver at 60° incidence for effective LET of
85.6MeV-cm2/mg to 2x106 ion/cm?2 at +25°C ambient. The output capacitance in this case was 47uF with an ESR of
35mQ.

Vin Vour louT Vout ¥15mV SET Counts

V) V) (A) DUT21 DUT22 DUT25 DUT26
22 1.8 0.1 1320 669 1309 416
22 1.8 3.0 2036 1866 2044 1796
4.0 1.8 0.1 1401 1055 1349 622
4.0 1.8 1.0 2442 2270 2660 1483
6.0 5.6 0.1 1414 2114 1407 1163
6.0 5.6 3.0 2092 1870 2324 1961

Figure 8 on page 9 provides a direct comparison to Figure 1 on page 5 to assess the impact of changing the output
capacitance. The positive spike in Figure 8 is again truncated at 1.90V but appears to be about the same 100mV as
for the 220uF case. This seems to indicate that the spike is not capacitor dependent and relates to parasitic
inductance.
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Figure 8. Largest positive SET (DUT21, trace 875) measured beyond 4us from trigger with V| = 2.2V, Vgoy1 = 1.8V,
louT = 100mA, and Cqyr = 47yF irradiated with silver at 60° incidence (85.6MeV-cm?2/mg).
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The capacitor voltage in Figure 8 exhibits a +42mV change for the 47uF output capacitor. This is slightly more
than twice the largest rise of 18mV seen with the 220uF capacitor, but it is much less than the 4.6 ratio of the
capacitance values would imply for the same injected charge. In fact, 97% of the SET provided less than 18mV rise
in capacitor value. This is somewhat surprising because it implies that the charge injected into the output capacitor
is not a constant of the SET but is dependent on the capacitor value. The decay of the voltage with the load current
of 100mA reveals a decaying oscillation in the recovery. This indicates the 47pF capacitance is at the low end of
appropriate output capacitance.

The largest SET for the case of Vy =4.0V provided a capacitor voltage change of +43mV and exhibited virtually
identical recovery oscillations. Again, the voltage headroom (Vi - Vour) does not significantly change the SET
deviations.

The event pictured in Figure 9 for It = 3A shows the same propensity for recovery oscillation as seen in Figure 8
but this time starting with a sudden negative spike. The negative spike in this case exceeds the oscilloscope capture
range and saturates at just below 1.68mV. Extrapolation predicts a spike of approximately -100mV. The entire
event lasts about 40ps with deviations of roughly -100V and +50mV.
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Figure 9. Largest negative SET (DUT21, trace 10) measured beyond 4us from trigger with V) = 2.2V, Vo1 = 1.8V,
lout = 3A, and Cgyt = 47pF irradiated with silver at 60° incidence (85.6MeV-cm2/mg).
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Shifting the voltage to V= 6.0V and Vot = 5.6V did little to change the positive SET at Iy = 100mA as can
be seen by comparing Figure 10 to Figure 8. The capacitor change is slightly higher at the higher voltages at S0mV
versus the 42mV at the lower voltages. Another difference is that the recovery oscillation appears suppressed at the
higher voltages. In general however the SET look quite comparable at the two voltage settings.
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Figure 10. Largest positive SET (DUT21, trace 616) measured beyond 4us from trigger with V|y = 6.0V, Vo1 = 5.6V,
lout = 100mA, and Coyr = 47pF irradiated with silver at 60° incidence (85.6MeV-cm2/mg).

The high current behavior appears to undergo more change at high voltages than the low current case did as can be
seen by comparing Figure 11 to Figure 9. Again the higher voltage case of Figure 11 is without the oscillatory
behavior seen at the low voltage case of Figure 9. The high voltage case does show the delayed negative excursion
noted in Figure 7 for the 220uF case. However, the SET excursions are within £30mV with the exception of the
negative spike at the onset of the event.
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Figure 11. Largest negative SET (DUT21, trace 997) measured beyond 4us from trigger with V|y = 6.0V,
Vour = 5.6V, Igyt = 3A, and Cqy = 47yF irradiated with silver at 60° incidence (85.6MeV-cm?2/mg).
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1.7 SEU Testing of the ISL75051ASEH Test and Trim Mode with LET =
86.3MeV-cm?2/mg

The ISL75051ASEH corrected a Test and Trim Mode (TTM) issue with the original part. The issue was that the

original part could power-up into TTM. The TTM state is stored by a memory element that was not robustly reset at
power-up. When the memory is in the set condition, it invokes TTM. When the part is in TTM, the enable (EN) pin
state is ignored. This allows the output to be active even when the enable pin is held in the low (disabled) condition.

The TTM issue created a concern over the SEU behavior of the memory element controlling TTM and led to a test
to look for such an SEU. To test the SEU behavior of TTM, the output (V) was monitored for transitions during
irradiation while the EN pin was held low. Only if the part transitioned into TTM would Vg rise. If in TTM,

another SEU would take it out of TTM. So by counting Vg events, the number of TTM SEU could be monitored.

Four ISL75051ASEH parts were irradiated at both 2.2V and 4.5V Vyy with the EN held low. Each irradiation was
with normal incidence gold for an LET of 86.3MeV-cm?/mg to a fluence of 1x107ion/cm?. The Vo was
monitored for transitions through 0.5V (the V1 was set for 1.8V) and the events counted. No events were found
indicating that there were no TTM SEU for the ISL75051 ASEH.
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2. Discussion and Conclusions

The ISL75051ASEH survived without SEL or SEB under irradiation with normal incidence gold for an LET of
86.3MeV-cm?/mg to 1x107ion/cm? while operating with a supply voltage of 6.2V at +125°C. At a supply of 7.1V and
the same irradiation conditions, three of four parts exhibited damage (see Table 2). Four parts survived without
permanent damage at +125°C with a supply of 6.7V and 7.1V when irradiated with 60° incidence silver for an
effective LET of 85.6MeV-cm?%/mg. However, high supply current events occurred at both voltages. These events
spontaneously recovered if the parts were left under ion beam. However, these high current events continued if the ion
beam was stopped. The parts then recovered to pre-radiation conditions with a power cycle. This is a clear indication
of non-destructive latch-up in the parts. Consequently, operation to only a supply of 6.2V is SEB and SEL immune at
an LET of 86.3MeV-cm?/mg and normal incidence.

The SEL events were not noted in the testing of the progenitor part the ISL75051SRH (AN1666). The parts do not
differ in such a way that a difference in this behavior would be expected or explained. Given the self-recovery aspect
noted, it is possible that events were there before, but were simply not noted. In any case, the SEL were observed with
the ISL75051ASEH for Vi = 6.7V and irradiation with 60° incidence silver for an effective LET of
85.6MeV-cm?/mg.

The SET excursions were within £50mV for most cases except for initial spikes that could exceed £100mV for about
2-3us. The initial spikes seemed related to board and cabling parasitics as they varied with DUT location and test
board. The examples presented in the figures in Sections 1.5 and 1.6 had the largest spikes observed. At the low output
capacitor value of 47uF, recovery oscillation was noted at both 100mA and 3A output current for the case of Vi =
2.2V with Vgt = 1.8V. These oscillations died out after about five cycles. At V= 6.0V and Vo = 5.6V, these
oscillations were absent even with the 47pF capacitor. In the case of 3A with 47uF and V= 2.2V (Figure 9), the first
oscillation exceeded -60mV. No oscillations were recorded for any conditions with the 220uF output capacitor. The
SET magnitudes seemed weaker than an expected inversely proportion function of output capacitor. Changing the
output capacitor by a factor of 4.6 (47uF to 220uF) only reduced the SET capacitor charging at 100mA by a factor of
0.43 (42mV to 18mV).

The ISL75051ASEH was also tested for Test and Trim Mode (TTM) SEU with normal incidence gold for LET of
86.3MeV-cm2/mg. Four parts yielded no TTM SEU when tested at VIN of 2.2V and 4.5V with a fluence of
1x107ion/cm?. This indicates an immunity to TTM SEU.
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Notice

1. Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of semiconductor products and application examples. You are fully responsible for
the incorporation or any other use of the circuits, software, and information in the design of your product or system. Renesas Electronics disclaims any and all liability for any losses and damages incurred by
you or third parties arising from the use of these circuits, software, or information.

2. Renesas Electronics hereby expressly disclaims any warranties against and liability for infringement or any other claims involving patents, copyrights, or other intellectual property rights of third parties, by or
arising from the use of Renesas Electronics products or technical information described in this document, including but not limited to, the product data, drawings, charts, programs, algorithms, and application
examples.

3. No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights of Renesas Electronics or others.

4. You shall not alter, modify, copy, or reverse engineer any Renesas Electronics product, whether in whole or in part. Renesas Electronics disclaims any and all liability for any losses or damages incurred by
you or third parties arising from such alteration, modification, copying or reverse engineering.

5. Renesas Electronics products are classified according to the following two quality grades: “Standard” and “High Quality”. The intended applications for each Renesas Electronics product depends on the
product’s quality grade, as indicated below.

"Standard": Computers; office equipment; communications equipment; test and measurement equipment; audio and visual equipment; home electronic appliances; machine tools; personal electronic

equipment; industrial robots; etc.

"High Quality": Transportation equipment (automobiles, trains, ships, etc.); traffic control (traffic lights); large-scale communication equipment; key financial terminal systems; safety control equipment; etc.
Unless expressly designated as a high reliability product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas Electronics document, Renesas Electronics products are
not intended or authorized for use in products or systems that may pose a direct threat to human life or bodily injury (artificial life support devices or systems; surgical implantations; etc.), or may cause
serious property damage (space system; undersea repeaters; nuclear power control systems; aircraft control systems; key plant systems; military equipment; etc.). Renesas Electronics disclaims any and all
liability for any damages or losses incurred by you or any third parties arising from the use of any Renesas Electronics product that is inconsistent with any Renesas Electronics data sheet, user's manual or
other Renesas Electronics document.

6. When using Renesas Electronics products, refer to the latest product information (data sheets, user's manuals, application notes, “General Notes for Handling and Using Semiconductor Devices” in the
reliability handbook, etc.), and ensure that usage conditions are within the ranges specified by Renesas Electronics with respect to maximum ratings, operating power supply voltage range, heat dissipation
characteristics, installation, etc. Renesas Electronics disclaims any and all liability for any malfunctions, failure or accident arising out of the use of Renesas Electronics products outside of such specified
ranges.

7. Although Renesas Electronics endeavors to improve the quality and reliability of Renesas Electronics products, semiconductor products have specific characteristics, such as the occurrence of failure at a
certain rate and malfunctions under certain use conditions. Unless designated as a high reliability product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas
Electronics document, Renesas Electronics products are not subject to radiation resistance design. You are responsible for implementing safety measures to guard against the possibility of bodily injury, injury
or damage caused by fire, and/or danger to the public in the event of a failure or malfunction of Renesas Electronics products, such as safety design for hardware and software, including but not limited to
redundancy, fire control and malfunction prevention, appropriate treatment for aging degradation or any other appropriate measures. Because the evaluation of microcomputer software alone is very difficult
and impractical, you are responsible for evaluating the safety of the final products or systems manufactured by you.

8. Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental compatibility of each Renesas Electronics product. You are responsible for carefully and
sufficiently investigating applicable laws and regulations that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS Directive, and using Renesas Electronics
products in compliance with all these applicable laws and regulations. Renesas Electronics disclaims any and all liability for damages or losses occurring as a result of your noncompliance with applicable
laws and regulations.

9. Renesas Electronics products and technologies shall not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited under any applicable domestic or foreign laws
or regulations. You shall comply with any applicable export control laws and regulations promulgated and administered by the governments of any countries asserting jurisdiction over the parties or

transactions.
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. Itis the responsibility of the buyer or distributor of Renesas Electronics products, or any other party who distributes, disposes of, or otherwise sells or transfers the product to a third party, to notify such third
party in advance of the contents and conditions set forth in this document.

11. This document shall not be reprinted, reproduced or duplicated in any form, in whole or in part, without prior written consent of Renesas Electronics.

12. Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this document or Renesas Electronics products.

(Note 1) “Renesas Electronics” as used in this document means Renesas Electronics Corporation and also includes its directly or indirectly controlled subsidiaries.

(Note 2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.
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