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Introduction

The intense proton and heavy ion environment encountered in
space applications can cause a variety of destructive and
nondestructive single-event effects in electronic circuitry,
including Single-Event Upset (SEU), Single-Event Transient
(SET), Single-Event Functional Interrupt (SEFI), 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 must be
characterized to determine their SEE response. This report
discusses the results of destructive SEE testing performed on
the ISL71590SEH two-terminal temperature transducer. These
results also apply to the ISL73590SEH.

Product Description

The ISL71590SEH is a radiation-hardened two-terminal
temperature transducer. It has a high impedance current
output that allows it to be insensitive to voltage drops across
long lines. When provided a voltage between 4V and 33V on
the input pin, the device acts as a constant current generator
with a scale factor of 1uA/K. The ISL71590SEH can operate
across the -55°C to +150° C temperature range without the
need of additional circuitry, and produces results with +1.7°C
accuracy over that temperature range. The absolute maximum
supply voltage is 40V while the maximum operational supply
voltage for in-spec operation is 33V, and this value is also 33V
for operation in the heavy ion environment (‘in-beam’). The
part features notable low dose rate total dose hardness, with a
maximum accuracy error of -1.0°C after 50krad(Si) at low
dose rate.

With power requirements as low as 1.5mW (5V at 25°C), the
part is a good choice for payload and booster temperature
sensing as any well-insulated twisted pair cable will allow for
proper operation. It can be used in several applications
including temperature compensation networks, laser diode
temperature compensation, sensor bias and linearization
functions, and Proportional-to-Absolute Temperature (PTAT)
biasing. The high output impedance (>10MQ) leaves plenty of
room for variations in the power supply voltage. The part is
electrically durable as it can withstand a forward voltage of
40V outside of the heavy ion environment (with a 33V
maximum in-beam rating) and a reverse voltage of -40V. The
case to lead breakdown voltage is >200V. The ISL71590SEH is
available in a 2 Ld hermetically sealed flatpack. Key features
of the part follow.

Features
* Minimal accuracy shift over low

dose rate irradiation .................. -1.5°C maximum
e Linearoutputcurrent................. ..., 1.0uA/K
* Wide power supplyrange ..................... 4V to 33V
* Low power consumption............. 1.5mW at 5V supply
¢ Operating temperature range. .......... -55°Cto +125°C
e SEL/SEB threshold LET.............. 86.4MeV-cm2/mg
* Total dose tolerance, high doserate .......... 300krad(Si)
¢ Total dose tolerance, low doserate............ 50krad(Si)

QML qualified per MIL-PRF-38535

Produced in conformance with Standard Microcircuit
Drawing (SMD) 5962-13215

Related Literature

¢ For a full list of related documents, visit our website
- ISL71590SEH, ISL73590SEH product pages

SEE Test Objectives

The ISL71590SEH was tested to determine its susceptibility to
destructive single-event effects including Single-Event Burnout
(SEB) and Single-Event Latch-up (SEL). The part is an all-bipolar
design, so Single-Event Gate Rupture (SEGR) is not a direct
concern; however, the part does contain a poly-oxide-silicon
capacitor and Single-Event Dielectric Rupture (SEDR) is a
consideration. Nondestructive effects were not characterized
as the part operates essentially in a DC environment.

SEE Test Facility

Testing was performed at the Texas A&M University (TAMU)
Cyclotron Institute heavy ion facility. This facility is coupled to a
K500 super-conducting cyclotron, which is capable of
generating a wide range of test particles with the various
energy, flux, and fluence levels needed for advanced radiation
testing. Four units of the ISL71590SEH were subjected to
heavy ion damage testing on June 20, 2013. The units were
heated to +150°C case temperature in order to assure
worst-case conditions and were irradiated with gold at zero
degrees incidence for an effective surface LET of
86.3MeV+cm?2/mg.

Since the ISL71590SEH is two-terminal proportional to
absolute temperature current source (with a nominal scale
factor of 1uA/K), the variable used for SEE damage testing
was the supply voltage using 2V increments. The normal
supply voltage range for the ISL71590SEH is 4V to 33V. In
order to determine destructive damage we monitored the
supply current, recording the pre- and post-irradiation values.
Each sample was irradiated to a fluence of 2x106ions/cm2 at
a flux of 1x104ions/cm2*s at each voltage level.
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Single-Event Effects (SEE)

The raw results appear in Table 1. Allowing £1pA of

TABLE 1. RESULTS OF DESTRUCTIVE SEE TESTING OF THE ISL71590SEH

measurement repeatability variation, only two tests (1 and 2 at v I PRE I POST o DELTA

39V) appeared to damage the parts. All four parts passed at UNIT SN (\c: 0? A C‘i /85 °°( » RESULT

voltages of 37V and below; this value is 12% above the part’s H " H

maximum rating. 1 31 422 423 1 Pass

. 2 423 424 1 Pass

Conclusion
3 423 422 -1 Pass

SEE testing of the ISL71590SEH temperature sensor has 4 420 421 1 Pass

demonstrated that the ISL71590SEH and the ISL73590SEH are

not susceptibl«ze to destructive single-event effects at an LET of 1 33 423 423 0 Pass

86.3I.VI.eV *cm</mg up to an input voltage of 37V. ThIS. repre§ents 2 424 424 0 Pass

conditions that are 12% over the recommended maximum input

voltage of 33V. 3 421 422 1 Pass
4 422 422 (o] Pass
1 35 424 423 -1 Pass
2 424 424 0 Pass
3 422 422 (o] Pass
4 423 423 0 Pass
1 37 424 424 0 Pass
2 424 424 0 Pass
3 423 423 0 Pass
4 422 422 0 Pass
1 39 424 427 3 Fail
2 424 2000 1576 Fail
3 423 423 0 Pass
4 423 423 (o] Pass
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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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