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Introduction

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 Latch-Up (SEL), Single Event Gate Rupture (SEGR), 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
HS-OP470ARH product. The report also applies to the HS-OP470AEH.

Product Description

The HS-OP470ARH and HS-OP470AEH (SMD 5962-98533) are radiation hardened, monolithic quad operational
amplifiers that provide highly reliable performance in harsh radiation environments. Excellent noise characteristics
coupled with a unique array of dynamic specifications make these amplifiers well-suited for a variety of satellite
system applications. Dielectrically isolated, bipolar processing makes these devices immune to single event
latch-up.

The HS-OP470ARH and HS-OP470AEH show almost no change in offset voltage after exposure to 100krad(Si)
gamma radiation, with only a minor increase in current. Complementing these specifications is a post radiation
open-loop gain in excess of 40kV/V.

These quad operational amplifiers are available in an industry standard pinout, allowing for immediate
interchangeability with most other quad operational amplifiers.
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Figure 1. Pin Configuration for HS-OP470ARH and HS-OP470AEH
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1. SEE Test Facility

The SEE testing was done at the Texas A&M University Cyclotron Institute. The K500 super conducting cyclotron
can generate numerous beam species for a wide range of Linear Energy Transfer (LET) and ion flux. The testing
described here was conducted on March 5, 2012.

2. SEE Test Configuration

The HS-OP470ARH units tested had the package lids removed to allow irradiation. The parts were configured as
noninverting amplifiers with a gain of eleven. The feedback resistor was 100kQ (between the outputs and the
inverting inputs). Both inputs had 10kQ resistors connected to them with the free end available for biasing. The
output was unloaded except for the feedback resistor, the coaxial line going to the oscilloscopes, and voltage
meters monitoring the outputs. For destructive SEE (SEBI/L) testing, the inputs (both IN+ and IN-) were grounded.
For SET testing, the resistors to the non-inverting inputs (IN+) were biased at 0.2V while the resistors to the
inverting inputs were grounded so that the output was nominally 2.2V.

3. Single Event Burnout (SEB) Results

Four parts of the HS-OP470ARH were tested for destructive single event effects. Each of the four parts was
irradiated while operating to 2x108ion/cm? with normal incidence gold for a LET of 86MeV+cm?2/mg. The parts
were heated to a case temperature of 125°C. Irradiations were done at supply voltages of £16.5V, +17.5V, and
+18.2V with inputs grounded through 10kQ resistors and a gain of 11. The supply currents were measured both
before and after irradiation to look for any changes. In the twelve irradiation cases (four parts and three voltages)
the currents saw less than 1% changes indicating that no destructive events occurred.

4. Single Event Transient (SET) Results

For the SET testing, the non-inverting inputs were biased to 0.2V which set the outputs at approximately 2.2V.
The outputs were monitored by oscilloscopes and a capture of the SET trace was triggered on £+80mV transients.
Four units were tested at three different effective LET (2.5, 8.4, and 11.9MeV+cm2/mg), and two of those units
were tested at a higher LET of 28.3MeV+-cm2/mg. For the first three LET, an effective fluence of 2x108ion/cm?2 was

used while for the fourth LET the fluence was dropped to 5x10%on/cm2. The raw SET counts captured are
presented in Table 1 and Table 2.

Table 1. *80mV SET Trigger Counts for HS-OP470ARH Irradiated with Supply Voltages of +5V
Angle Effective LET Fluence *80mV Event Count
DUT Species (Degrees) (MeVecm2/mg) (ion/cm?2) CH1 CH2 CH3 CH4

5 Ne 0 25 2x108 72 86 75 99
6 67 136 132 17
7 76 129 108 78
8 73 142 107 98
5 Ar 8.4 395 491 558 769
6 450 549 661 583
7 437 518 570 561
8 415 485 585 588
5 45 11.9 899 845 1058 1055
6 802 947 1114 1018
7 789 832 1026 875
8 869 892 1040 950
7 Kr 0 28.3 5x10° 389 459 481 465
8 339 473 447 445

R34STO006EU0100 Rev.1.00 intersi I " Page 2 of 8

Dec.17.19



HS-OP470ARH, HS-OP470AEH

SEE Test Report

Table 2. *80mV SET Trigger Counts for HS-OP470ARH Irradiated with Supply Voltages of £15V

Angle Effective LET Fluence *80mV Event Count

DUT Species (Degrees) (MeVecm?mg) (ion/cm2) CH1 CH2 CH3 CH4
5 Ne 0 2.5 2x106 145 182 167 204
6 113 137 228 211
7 172 242 204 192
8 168 164 212 221
5 Ar 8.4 614 683 794 851
6 601 642 845 732
7 644 492 823 781
8 574 720 828 854
5 45 11.9 1070 1096 1270 1274
6 972 1103 1274 1212
7 1127 1140 1284 1242
8 1070 1142 1273 1211
7 Kr 0 28.3 5x105 392 482 460 431
8 408 519 492 445

The question of whether there was a significant difference between the devices tested is addressed first. The
event counts summed by Device Under Test (DUT) are presented in Figure 2. The total SET captured for all four
channels over the first three LET varied by DUT from a low of 5999 for DUT7 to a high of 6576 for DUT6. The
other two DUTs totaled 6402 (DUT5) and 6244 (DUT8). For the highest LET, the two devices DUT7 and DUT8
totaled 1794 and 1704, respectively. Therefore, the DUTs displayed very similar SET totals and so did not indicate
any significant difference between the devices. The DUTs are so considered to be equally representative.
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Figure 2. #80mV SET Counts Summed for All Channels by DUT and Effective LET for Supplies of £5V
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The variation by channel is presented in Figure 3. Although there appears to be some variability by channel there
does not appear to be a systematic variation by channel. Based on this, any channel is considered to be
representative of all channels.
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Figure 3. ¥80mV SET Counts Summed Across all DUTs by Channel and Effective LET for Supplies of £5V

The SET counts were converted to effective cross sections (events/fluence) and plotted in Figure 4. Each DUT
and channel is represented by a plotted point, and the means at each LET are connected to give the lines.
Summary statistics on the combined cross sections are in Table 3.

Table 3. Summary Cross Section Statistics Taken from the Population of Cross Sections for Each DUT

and Channel

Effective LET Cross Sections (cm?) Statistics at 5V Cross Sections (cm?) Statistics at 15V
(MeVscm2/mg) Minimum Mean Maximum Minimum Mean Maximum

25 3.35E-05 4.98E-05 7.10E-05 5.65E-05 9.26E-05 1.21E-04

8.4 1.98E-04 2.69E-04 3.85E-04 2.46E-04 3.59E-04 4.27E-04

11.9 3.95E-04 4.69E-04 5.57E-04 4.86E-04 5.86E-04 6.42E-04

28.3 6.78E-04 8.75E-04 9.62E-04 7.84E-04 9.07E-04 1.04E-03
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Figure 4. HS-OP470ARH *80mV SET cross sections for all channels and all parts. Four parts are included for an
effective LET of 2.5, 8.4, and 11.9MeVecm?2/mg, but only two parts are included for LET = 28.3MeV+cm2/mg. The lines
connect the mean cross sections. The parts were configured as a non-inverting buffer with a gain of 11 and biased
with an input of +0.2V.

Selected SET capture collections (for a DUT channel by LET) were submitted to a MATLAB routine to extract the
extreme SET deviations and the duration outside of the +80mV window on the nominal output. In addition to
finding the SET extremes, the collection was sorted to select the SET with the twenty largest positive deviations,
the twenty largest negative deviations, and the twenty longest durations. These extreme SET were plotted in
composite plots for review.

Such composite SET plots for the cases of DUT7 CH1 and DUT8 CH1 at a LET of 28.3MeV+cm2/mg and power
supplies set to £15V are shown in Figure 5. The SETs were bounded by maximum deviations of -0.70V and
+0.57V with durations less than 2.5pus. The plot for DUT8 (right) shows a double event with the second event at
about 3ps. The plots shown are representative of all the other DUT channels.
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Figure 5. Composite extreme SET (20 most positive, 20 most negative, 20 longest duration outside ¥80mV) plots for
CH1 at LET = 28.3MeV+cm2/mg and 15V for DUT7 (left) and DUTS8 (right)
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Figure 6 shows the composite extreme SET plots for the same two parts depicted in Figure 5, but this time for
power supplies were at £5V. Although the SET durations outside of +80mV were less than 4.5us, there is a class
of events for DUT7 that ramp slowly to the trigger level of -80mV. These events have a total duration approaching
10us. Again, the plots are representative of the other device channels.
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Figure 6. Composite extreme SET (20 most positive, 20 most negative, 20 longest duration outside *80mV) plots for
CH1 at LET = 28.3MeV+cm2/mg and #5V for DUT7 (left) and DUTS (right)

The SET size diminished along with the cross-section with decreasing LET. Examples of the SET captured for Ne
irradiation for LET = 2.5MeV+cm?2/mg are shown in Figure 7. These are representative of all capture collections at
these conditions. All the SET captured were within £0.25V deviation and had durations of less than 1.5us.
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Figure 7. Composite extreme SET (20 most positive, 20 most negative, 20 longest duration outside +80mV) plots for

CH1 at LET = 2.5MeV+cm2/mg and DUT7 at 5V (left) and DUT8 at +15V (right)

5. Summary

The HS-OP470ARH was demonstrated to be free of destructive SEE for operation up to power supplies of £18.2V
and irradiation with normal incidence gold for a LET of 86MeV+cm2/mg. Four parts were irradiated to
2x10%ion/cm?2 while heated to a case temperature of 125°C without an indication of damage (more than 1%
change in supply currents). The same parts were previously irradiated with gold to 2x108ion/cm? at power supply
voltages of £16.5V and £17.5V without any 1% change in supply currents.

The HS-OP470ARH proved to have SET over +80mV for irradiation with neon for a LET of 2.5MeVscm2/mg. At
this irradiation, the cross-section of the 80mV events had a registered maximum of 1.21x104cm?2 when the part
was operated with £15V. At 5V the maximum cross-section registered was 7.10x10-°cm2. These maximums
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were found for different DUTs and different channels, DUT7 CH3 and DUT8 CH4 respectively, out of the four
DUTs tested. All the SET captured for neon irradiation had durations of less than 1.5us.

For irradiation with krypton for LET = 28.3MeV+cm2/mg, the maximum cross sections for power supplies of 5V
and +15V were 9.62x10-4cm? and 1.04x10-3cm?2, respectively. These extremes were found for DUT7 CH3 and
DUT8 CH2, respectively. In this case, only the two DUTs were tested for this LET. Most of the SET captured had
durations of less than 4.5us but some events were recorded that had durations of up to 10ps.

6. Revision History

Rev. Date Description
1.00 Dec.17.19 Initial release
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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.

10. 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.

(Note1) "Renesas Electronics" as used in this document means Renesas Electronics Corporation and also includes its directly or indirectly controlled
subsidiaries.
(Note2) "Renesas Electronics product(s)" means any product developed or manufactured by or for Renesas Electronics.

(Rev.4.0-1 November 2017)

Corporate Headquarters Contact Information

TOYOSU FORESIA, 3-2-24 Toyosu, For further information on a product, technology, the most up-to-date
Koto-ku, Tokyo 135-0061, Japan version of a document, or your nearest sales office, please visit:
Wwww.renesas.com www.renesas.com/contact/
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