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Introduction

This report summarizes results of 1MeV equivalent neutron
testing of the ISL70419SEH quad operational amplifier. The
test was conducted in order to determine the sensitivity of the
part to displacement damage (DD) caused by neutron or
proton environments. Neutron fluences ranged from
2x1012n/cm?2 to 1x1014n/cm?2. This project was carried out in
collaboration with Boeing (El Segundo, CA), whose support is
gratefully acknowledged.

Related Literature

¢ For a full list of related documents please visit our website
- ISL70419SEH product page

Part Description

The ISL70419SEH is a quad operational amplifier featuring a
competitive combination of low noise vs power consumption.
Low offset voltage, low input bias current, and low
temperature drift makes the ISL70419SEH a good choice for
applications requiring both high DC accuracy and AC
performance. The combination of precision, low noise, low
power, and a small footprint provides the user with
outstanding value and flexibility relative to competitive parts.
Applications include precision active filters, power supply
controls, and industrial controls. The ISL70419SEH is offered
in a 14 Ld hermetic ceramic flatpack. The device uses an
industry standard pin configuration and operates across the
extended temperature range from-55°C to +125°C.

Specifications for radiation hardened QML devices are controlled
by the Defense Logistics Agency Land and Maritime (DLA).

The ISL70419SRH is acceptance tested on a wafer-by-wafer
basis to a total dose level of 300krad(Si) at high dose rate
(50-300rad(Si)/s). The ISL70419SEH is acceptance tested to a
total dose level of 300krad(Si) at high dose rate
(50-300rad(Si)/s) and to 50krad(Si) at low dose rate
(<0.01rad(Si)/s). The SMD rates both parts at 300krad(Si) at
high dose rate (50-300rad(Si)/s) and at 50krad(Si) at low dose
rate (< 0.01rad(Si)/s).

TABLE 1. ISL70419SEH PIN ASSIGNMENTS

TERMINAL TERMINAL TERMINAL TERMINAL
NUMBER SYMBOL NUMBER SYMBOL

1 OUT_A 8 OouT_C

2 -IN_A 9 -IN_C

3 +IN_A 10 +IN_C

4 v+ 11 V-

5 +IN_B 12 +IN_D

6 -IN_B 13 -IN_D

7 OouT_B 14 OuT_D

Test Description

Irradiation Facilities

1MeV equivalent neutron irradiation was performed at the
White Sands Missile Range fast burst reactor (White Sands
Missile Range, NM 88002). Dosimetry data can be furnished
upon request. Parts were tested in an unbiased configuration
with all leads shorted together in general accordance with
TM1017 of MIL-STD-883. Samples exposed at the higher
neutron levels required considerable ‘cooldown’ time before
being shipped back to Intersil for electrical testing.

Test Fixturing

No formal irradiation test fixturing was involved. These DD
tests are informally termed ‘bag tests’ as the samples are
irradiated in an electrically inactive state with all leads shorted
together.

Characterization Equipment and
Procedures

Electrical testing was performed before and after irradiation
using the Intersil Palm Bay, FL Automated Test Equipment
(ATE). All electrical testing was performed at room
temperature.

Experimental Matrix

The experimental matrix consisted of five samples irradiated
at 2x1012n/cm?, five irradiated at 1x1013n/cm?2, five
irradiated at 3x1013n/cm2, and five irradiated at
1x1014n/cm2. Five control units were used.
ISL70419SEHF/PROTO samples were drawn from fabrication
lot XOH6DACA and were packaged in the standard 14 Ld
ceramic production package. Samples were screened to the
SMD limits over temperature before the start of neutron
testing.

Results

The ISL70419SEH neutron testing results are reported in the
balance of this report. It should be carefully realized when
interpreting the data that each neutron irradiation was
performed on a different five-unit sample; this is not total dose
testing, where the damage is cumulative over a number of
downpoints.
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ISL70419SEH Neutron Testing
Attributes Data Variables Data
TABLE 2. ISL70419SEH ATTRIBUTES DATA The plots in Figures 1 through 29 show data plots for key
parameters before and after irradiation to each level. The
SAMPLE | FLUENCE,| PASS reported parameters and their datasheet limits are shown in
PART SERIAL | SIZE | (n/cm2) |(Note 1)| FAIL| NOTES “Appendix” on page 17. This appendix contains a considerable
SL70419SEH| 1.5 5 1012 number of figures, but we chose to go into some detail for the
- x10 5 0 |All passed . . . . .
critical input parameters, which are of great interest in any
ISL70419SEH| 6-10 5 1x1013 5 0 |All passed operational amplifier test. We plotted these channel-by-channel
to determine if any channel sensitivity exists. Other parameters
ISL70419SEH | 11-15 5 3x1013 5 0 |All passed were plotted as averages of all four channels, an approach which
ISL70419SEH| 16-20 5 1x1014 0 5 |All failed does not work for critical parameters such as input offset
open-loop voltage, which may show significant, uncorrelated variation. For
gain but these cases, we plotted each channel individually.
:‘iﬁional The plots show the population median of each parameter as a
function of neutron irradiation as well as the population
NOTE:

1. “Pass” indicates a sample that passes all SMD limits.

Variables Data Plots

POWER SUPPLY CURRENT (mA)

minimum and maximum. We chose to plot the median because
of the small sample sizes (five per cell) involved. We also show
the applicable post-total dose electrical limits as taken from the
SMD. It should be noted that these limits are provided for
guidance only as the ISL70419SEH is not specified or
guaranteed for the neutron environment. Intersil does not design,
qualify, or guarantee its parts for the DD environment, but has
performed limited collaborative neutron testing for customer
guidance.
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FIGURE 1. ISL70419SEH positive and negative supply current, sum of all four channels, as a function of 1MeV equivalent neutron irradiation at
2x1012n/cm2, 1x1013n/cm2, 3x1013n/cm2, and 1x101%n/cm2. The plot shows the population median, minimum, and maximum at
each downpoint. Sample size for each cell was five. The post-total dose irradiation SMD limits are 2.72mA maximum (ICC) and

-2.72mA maximum (IEE).
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ISL70419SEH Neutron Testing

Variables Data Plots (continued)
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FIGURE 2. ISL70419SEH input offset voltage, Channel A, as a function of 1MeV equivalent neutron irradiation at 2x1012n/cm?2, 1x1013n/cm?2,
3x1013n/cm2, and 1x1014n/cm2. The plot shows the population median, minimum, and maximum at each downpoint. Sample size
for each cell was five. The post-total dose irradiation SMD limits are -110uV to 110puV.
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FIGURE 3. ISL70419SEH input offset voltage, Channel B, as a function of 1MeV equivalent neutron irradiation at 2x1012n/cm2, 1x1013n/cm2,
3x1013n/cm2, and 1x101%n/cm2. The plot shows the population median, minimum, and maximum at each downpoint. Sample size
for each cell was five. The post-total dose irradiation SMD limits are -110uV to 110uV.
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ISL70419SEH

Neutron Testing

Variables Data Plots (continued)
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FIGURE 4. ISL70419SEH input offset voltage, Channel C, as a function of 1MeV equivalent neutron irradiation at 2x1012n/cm?2, 1x1013n/cm?2,
3x1013n/cm2, and 1x101%n/cm2. The plot shows the population median, minimum, and maximum at each downpoint. Sample size
for each cell was five. The post-total dose irradiation SMD limits are -110uV to 110uV.
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FIGURE 5. ISL70419SEH input offset voltage, Channel D, as a function of 1MeV equivalent neutron irradiation at 2x1012n/cm?2, 1x1013n/cm?2,
3x1013n/cm2, and 1x1014n/cm2. The plot shows the population median, minimum, and maximum at each downpoint. Sample size
for each cell was five. The post-total dose irradiation SMD limits are -110uV to 110puV.
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ISL70419SEH Neutron Testing

Variables Data Plots (continued)
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FIGURE 6. ISL70419SEH positive input bias current, Channel A, as a function of 1MeV equivalent neutron irradiation at 2x1012n/cm?2,
1x1013n/cm2, 3x1013n/cm2, and 1x1014n/cm2. The plot shows the population median, minimum, and maximum at each
downpoint. Sample size for each cell was five. The post-total dose irradiation SMD limits are -15nA to 15nA.
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FIGURE 7. ISL70419SEH positive input bias current, Channel B, as a function of 1MeV equivalent neutron irradiation at 2x1012n/cm?2,
1x1013n/cm2, 3x1013n/cm2, and 1x1014n/cm2. The plot shows the population median, minimum, and maximum at each
downpoint. Sample size for each cell was five. The post-total dose irradiation SMD limits are -15nA to 15nA.
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ISL70419SEH Neutron Testing

Variables Data Plots (continued)
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FIGURE 8. ISL70419SEH positive input bias current, Channel C, as a function of 1MeV equivalent neutron irradiation at 2x1012n/cm2,
1x1013n/cm2, 3x1013n/cm2, and 1x101%n/cm2. The plot shows the population median, minimum, and maximum at each
downpoint. Sample size for each cell was five. The post-total dose irradiation SMD limits are -15nA to 15nA.
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FIGURE 9. ISL70419SEH positive input bias current, Channel D, as a function of 1MeV equivalent neutron irradiation at 2x1012n/cm?2,
1x1013n/cm2, 3x1013n/cm2, and 1x1014n/cm2. The plot shows the population median, minimum, and maximum at each
downpoint. Sample size for each cell was five. The post-total dose irradiation SMD limits are -15nA to 15nA.
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ISL70419SEH Neutron Testing

Variables Data Plots (continued)
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FIGURE 10. ISL70419SEH negative input bias current, Channel A, as a function of 1MeV equivalent neutron irradiation at 2x1012n/cm2,
1x1013n/cm2, 3x1013n/cm?2, and 1x101%n/cm2. The plot shows the population median, minimum, and maximum at each
downpoint. Sample size for each cell was five. The post-total dose irradiation SMD limits are -15nA to 15nA.
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FIGURE 11. ISL70419SEH negative input bias current, Channel B, as a function of 1MeV equivalent neutron irradiation at 2x1012n/cm2,
1x1013n/cm2, 3x1013n/cm2, and 1x101%n/cm2. The plot shows the population median, minimum, and maximum at each
downpoint. Sample size for each cell was five. The post-total dose irradiation SMD limits are -15nA to 15nA.

TR038 Rev 0.00

° om” Page 7 of 18
October 12, 2016 inters;jl


http://www.intersil.com?utm_source=intersil&utm_medium=datasheet&utm_campaign=logo-ds-header

ISL70419SEH Neutron Testing

Variables Data Plots (continued)
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FIGURE 12. ISL70419SEH negative input bias current, Channel C, as a function of 1MeV equivalent neutron irradiation at 2x1012n/cm?2,
1x1013n/cm2, 3x1013n/cm2, and 1x101%n/cm2. The plot shows the population median, minimum, and maximum at each
downpoint. Sample size for each cell was five. The post-total dose irradiation SMD limits are -15nA to 15nA.
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FIGURE 13. ISL70419SEH negative input bias current, Channel D, as a function of 1MeV equivalent neutron irradiation at 2x1012n/cm2,
1x1013n/cm2, 3x1013n/cm2, and 1x101%n/cm2. The plot shows the population median, minimum, and maximum at each
downpoint. Sample size for each cell was five. The post-total dose irradiation SMD limits are -15nA to 15nA.
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ISL70419SEH

Neutron Testing

Variables Data Plots (continued)
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FIGURE 14. ISL70419SEH input offset current, Channel A, as a function of 1MeV equivalent neutron irradiation at 2x1012n/cm2, 1x1013n/cm2,
3x1013n/cm2, and 1x101%n/cm2. The plot shows the population median, minimum, and maximum at each downpoint. Sample size

for each cell was five. The post-total dose irradiation SMD limits are -10nA to 10nA.
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FIGURE 15. ISL70419SEH input offset current, Channel B, as a function of 1MeV equivalent neutron irradiation at 2x1012n/cm2, 1x1013n/cm2,
3x1013n/cm2, and 1x101%n/cm2. The plot shows the population median, minimum, and maximum at each downpoint. Sample size

for each cell was five. The post-total dose irradiation SMD limits are -10nA to 10nA.
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ISL70419SEH Neutron Testing

Variables Data Plots (continued)
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FIGURE 16. ISL70419SEH input offset current, Channel C, as a function of 1MeV equivalent neutron irradiation at 2x1012n/cm?2, 1x1013n/cm?2,
3x1013n/cm2, and 1x1014n/cm2. The plot shows the population median, minimum, and maximum at each downpoint. Sample size
for each cell was five. The post-total dose irradiation SMD limits are -10nA to 10nA.
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FIGURE 17. ISL70419SEH input offset current, Channel D, as a function of 1MeV equivalent neutron irradiation at 2x1012n/cm?2, 1x1013n/cm?2,
3x1013n/cm2, and 1x101%n/cm2. The plot shows the population median, minimum, and maximum at each downpoint. Sample size
for each cell was five. The post-total dose irradiation SMD limits are -10nA to 10nA.
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ISL70419SEH Neutron Testing

Variables Data Plots (continued)
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FIGURE 18. ISL70419SEH output HIGH voltage, average of all four channels, as a function of 1MeV equivalent neutron irradiation at
2x1012n/cm2, 1x1013n/cm2, 3x1013n/cm2, and 1x1014n/cm2. The plot shows the population median, minimum, and maximum at
each downpoint. Sample size for each cell was five. The post-total dose irradiation SMD limit is 13.2V minimum.

-13.1 ‘

AVERAGE OF ALL FOUR CHANNELS

AVERAGE VOL, V

-13.2
SPEC LIMIT

-13.3

-13.4

-13.5

OUTPUT LOW VOLTAGE (V)

-13.6

137 |
PRE-RAD 1E+12 1E+13 1E+14

NEUTRON LEVEL (n/cm?)
FIGURE 19. ISL70419SEH output LOW voltage, average of all four channels, as a function of 1MeV equivalent neutron irradiation at
2x1012n/¢m2, 1x1013n/cm?2, 3x1013n/cm2, and 1x101%4n/cm?2. The plot shows the population median, minimum, and maximum at
each downpoint. Sample size for each cell was five. The post-total dose irradiation SMD limit is -13.2V maximum.
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ISL70419SEH

Neutron Testing

Variables Data Plots (continued)
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FIGURE 20. ISL70419SEH positive open-loop gain, average of all four channels, as a function of 1MeV equivalent neutron irradiation at
2x1012n/cm2, 1x1013n/cm2, 3x1013n/cm2, and 1x1014n/cm2. The plot shows the population median, minimum, and maximum at
each downpoint. Sample size for each cell was five. The post-total dose irradiation SMD limit is 129.5dB minimum.
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FIGURE 21. ISL70419SEH negative open-loop gain, average of all four channels, as a function of 1MeV equivalent neutron irradiation at
2x1012n/cm2, 1x1013n/cm2, 3x1013n/cm2, and 1x1014n/cm2. The plot shows the population median, minimum, and maximum at
each downpoint. Sample size for each cell was five. The post-total dose irradiation SMD limit is 129.5dB minimum.
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ISL70419SEH Neutron Testing

Variables Data Plots (continued)
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FIGURE 22. ISL70419SEH positive power supply rejection ratio, average of all four channels, as a function of 1MeV equivalent neutron irradiation
at 2x1012n/cm?2, 1x1013n/cm?2, 3x1013n/cm2, and 1x101%n/cm2. The plot shows the population median, minimum, and maximum
at each downpoint. Sample size for each cell was five. The post-total dose irradiation SMD limit is 120dB minimum.
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FIGURE 23. ISL70419SEH negative power supply rejection ratio, average of all four channels, as a function of 1MeV equivalent neutron irradiation
at 2x1012n/cm?2, 1x1013n/cm2, 3x1013n/cm2, and 1x101%n/cm2. The plot shows the population median, minimum, and maximum
at each downpoint. Sample size for each cell was five. The post-total dose irradiation SMD limit is 120dB minimum.
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ISL70419SEH Neutron Testing

Variables Data Plots (continued)
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FIGURE 24. ISL70419SEH positive common-mode rejection ratio, average of all four channels, as a function of 1MeV equivalent neutron
irradiation at 2x1012n/cm?2, 1x1013n/cm?2, 3x1013n/cm2: and 1x101%n/cm2. The plot shows the population median, minimum, and
maximum at each downpoint. Sample size for each cell was five. The post-total dose irradiation SMD limit is 120dB minimum.
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FIGURE 25. ISL70419SEH negative common-mode rejection ratio, average of all four channels, as a function of 1MeV equivalent neutron
irradiation at 2x1012n/cm2, 1x1013n/cm?2, 3x1013n/cm2, and 1x101%n/cm2. The plot shows the population median, minimum,
and maximum at each downpoint. Sample size for each cell was five. The post-total dose irradiation SMD limit is 120dB minimum.
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ISL70419SEH Neutron Testing

Variables Data Plots (continued)
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FIGURE 26. ISL70419SEH positive slew rate, average of all four channels, as a function of 1MeV equivalent neutron irradiation at 2x1012n/cm?2,
1x1013n/cm2, 3x1013n/cm2, and 1x1014n/cm2. The plot shows the population median, minimum, and maximum at each
downpoint. Sample size for each cell was five. The post-total dose irradiation SMD limit is 0.2V/us minimum.
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FIGURE 27. ISL70419SEH negative slew rate, average of all four channels, as a function of 1MeV equivalent neutron irradiation at 2x1012n/cm?2,
1x1013n/cm2, 3x1013n/cm2, and 1x1014n/cm2. The plot shows the population median, minimum, and maximum at each
downpoint. Sample size for each cell was five. The post-total dose irradiation SMD limit is 0.2V/us minimum.
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ISL70419SEH Neutron Testing

Variables Data Plots (continued)

700 I i AVERAGE OF ALL FOUR CHANNELS ‘

AVERAGE tR ‘

600 —
SPEC LIMIT

500

400

300

RISE TIME (ns)

200

100

0
PRE-RAD 1E+12 1E+13 1E+14

NEUTRON LEVEL (n/cm?)

FIGURE 28. ISL70419SEH rise time, average of all four channels, as a function of 1MeV equivalent neutron irradiation at 2x1012n/cm?2,
1x1013n/cm2, 3x1013n/cm2, and 1x1014n/cm2. The plot shows the population median, minimum, and maximum at each
downpoint. Sample size for each cell was five. The post-total dose irradiation SMD limit is 625ns maximum.
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FIGURE 29. ISL70419SEH fall time, average of all four channels, as a function of 1MeV equivalent neutron irradiation at 2x1012n/cm?2,
1x1013n/cm2, 3x1013n/cm2, and 1x1014n/cm2. The plot shows the population median, minimum, and maximum at each
downpoint. Sample size for each cell was five. The post-total dose irradiation SMD limit is 700ns maximum.
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ISL70419SEH Neutron Testing

The 2x1011n/cm2, 1x1013n/cm2, and 3x1013n/cm2 samples
met all SMD and datasheet specifications (Bin 1) after
irradiation. All 1x1014n/cm?2 samples failed the open-loop gain
parameter after irradiation, but remained functional.

Conclusion

This report summarizes results of 1MeV equivalent neutron
testing of the ISL70419SEH quad operational amplifier. The test
was conducted in order to determine the sensitivity of the part to
displacement damage (DD) caused by neutron or proton
environments in space. Neutron fluences ranged from
2x1012n/cm? to 1x101%n/cm?2. This test was carried out as part
of a collaborative project with Boeing (El Segundo, CA), whose
support is gratefully acknowledged.

Appendix

Reported Parameters

Reported parameters are shown below. The limits are taken from
the applicable SMD and are provided for guidance only as the

In the figures, we plotted critical input parameters part is not designed or guaranteed for the neutron environment.
channel-by-channel to determine if any channel sensitivity exists.

Other parameters were plotted as averages of all four channels.

TABLE 3. REPORTED PARAMETERS

FIGURE PARAMETER LIMIT, LOW LIMIT, HIGH UNITS NOTES
1 Supply current, positive - 2.72 mA Sum of four channels
Supply current, negative -2.72 - mA Sum of four channels

2 Input offset voltage -110 110 uv Channel A

3 Input offset voltage -110 110 uv Channel B

4 Input offset voltage -110 110 uv Channel C

5 Input offset voltage -110 110 uv Channel D

6 Positive input bias current -15 15 nA Channel A

7 Positive input bias current -15 15 nA Channel B

8 Positive input bias current -15 15 nA Channel C

9 Positive input bias current -15 15 nA Channel D

10 |Negative input bias current -15 15 nA Channel A

11 |Negative input bias current -15 15 nA Channel B

12 |Negative input bias current -15 15 nA Channel C

13 | Negative input bias current -15 15 nA Channel D

14  |Input offset current -10 10 nA Channel A

15 |Input offset current -10 10 nA Channel B

16 Input offset current -10 10 nA Channel C

17 Input offset current -10 10 nA Channel D

18 |Output HIGH voltage - 13.2 Average of four channels
19 | Output LOW voltage -13.2 - Average of four channels
20 |Positive open-loop gain 129.5 - dB Average of four channels
21 |Negative open-loop gain 129.5 - dB Average of four channels
22 | Positive power supply rejection ratio 120 - dB Average of four channels
23 |Negative power supply rejection ratio 120 - dB Average of four channels
24 | Positive common mode rejection ratio 120 - dB Average of four channels
25 |Negative common mode rejection ratio 120 - dB Average of four channels
26 | Positive slew rate 0.2 - V/us Average of four channels
27 |Negative slew rate 0.2 - V/us Average of four channels
28 |Rise time - 625 ns Average of four channels
29 |Fall time - 700 ns Average of four channels
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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.

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); larg: le corr { i ; 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 investi i laws and ions 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.

o

. Itis the responsibility of the buyer or distributor of Renesas Electronics products, or any other party who di

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.

butes, disposes of, or of ise sells or transfers the product to a third party, to notify such third
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