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Introduction

This report documents the results of low and high dose rate
total dose testing and subsequent anneals of the
ISL71590SEH radiation hardened temperature sensor. The
tests were conducted to provide an assessment of the total
dose hardness of the part, and to provide an estimate of dose
rate sensitivity. Parts were irradiated under bias and with all
pins grounded at low and high dose rate. The ISL71590SEH is
acceptance tested on a wafer-by-wafer basis to 300krad(Si) at
high dose rate (50-300rad(Si)/s) and to 50krad(Si) at low
dose rate (0.01rad(Si)/s).

Downpoints for the low dose rate tests were 0, 10, 30, 50, 114,
and 150krad(Si). Downpoints for the high dose rate tests were
0, 30, 50, 100, 300, and 450krad(Si). All irradiations and
anneals are complete.

Key Features

¢ Minimal accuracy shift over total dose rate

irradiation. .............. .. o it -2.0K to +0.5K
e Linearoutputcurrent ......................... 1.0uA/K
* Wide operating power supplyrange............. 4V to 31V
* Low power consumption ............. 1.5mW at 5V supply
* Operating temperaturerange ........... -565°C to +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

Part 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. With a supply voltage of between 4V and 36V
applied to the input pin, the device acts as a constant current
generator with a scale factor of 2uA/K. The ISL71590SEH is
specified across the -55°C to +125°C temperature range and
can operate across the -55°C to +150 °C temperature range
without the need of additional circuitry.

With power requirements as low as 1.5mW (5V at +25°C), the
part is an ideal choice for payload and booster temperature
sensing as any well-insulated twisted pair cable can be used
for proper operation. The ISL71590SEH can be used in a wide
range of 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 an absolute maximum forward voltage of 40V
outside of the heavy ion environment (with a 37V absolute
maximum in-beam rating) and a reverse voltage of -40V. The
ISL71590SEH is available in a 2 Ld hermetically sealed
flatpack.

Related Literature

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

* MIL-STD-883 test method 1019
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ISL71590SEH

Total Dose Testing

Test Description

Irradiation Facilities

High dose rate testing was performed at 69.7rad(Si)/s using a
Gammacell 220 60Co irradiator located in the Palm Bay, Florida
Intersil facility. Low dose rate testing was performed at
0.01rad(Si)/s using the Intersil Palm Bay Hopewell Desighs N40
panoramic 60¢o irradiator. Annealing was performed under the
Figure 1 bias configuration at +100°C for 168 hours using a
small temperature chamber.

Test Fixturing

Figure 1 shows the configuration used for biased irradiation at
both high and low dose rate.

V1 =5V £5% < (1] "
2]
+—1] NOTE:
= z' u2 This socket/carrier holds ten
GND individual devices with the
.,_II carrier positions labeled
U3 1 through 10.
2]
—1] "
2]
—1] U5
2]
— 1] o
2]
—1] 7
2]
—1] "
2]
—1]
ZI U9
—1 1
:I u10
2]

FIGURE 1. IRRADIATION BIAS CONFIGURATION FOR THE ISL71590SEH

Characterization Equipment and Procedures

All electrical testing was performed outside the irradiator using
the production Automated Test Equipment (ATE) with datalogging
at each downpoint. Downpoint electrical testing was performed
at room temperature. Due to the precision nature of the part all
electrical characterization is performed using production ATE and
an advanced constant-temperature liquid bath facility.

Experimental Matrix

Total dose irradiation proceeded in accordance with the
guidelines of MIL-STD-883 Test Method 1019.7. The
experimental matrix consisted of five samples irradiated at low
dose rate under bias, five samples irradiated at low dose rate
with all pins grounded, five samples irradiated at high dose rate
under bias, and five samples irradiated at high dose rate with all
pins grounded.

Samples of the ISL71590SEH were drawn from preproduction
wafer lot XOA8P and were packaged in the hermetic 2 Ld
solder-sealed production flatpack (K2.A) package. Samples were
processed through the standard burnin cycle before irradiation,
as required by MIL-STD-883.

Downpoints

Downpoints for the low dose rate tests were 0, 10, 30, 50, 114,
and 150krad(Si). Downpoints for the high dose rate tests were O,
30, 50, 100, 300, and 450krad(Si). All irradiations were followed
by a high temperature anneal at +100°C under bias.
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ISL71590SEH

Total Dose Testing

Test Results
Attributes Data

TABLE 1. ISL71590SEH TOTAL DOSE TEST ATTRIBUTES DATA

PART

DOSE RATE
Rad(Si)/s

BIAS

SAMPLE
SIZE

DOWNPOINT

PASS
(Note 1)

FAIL

ISL71590SEH

0.01

Figure 1

5

Pre-irradiation

5

10krad(Si)

30krad(Si)

50krad(Si)

114krad(Si)

150krad(Si)

Anneal

o/~ N/ O|O| O

ISL71590SEH

0.01

Grounded

Pre-irradiation

10krad(Si)

30krad(Si)

50krad(Si)

114krad(Si)

150krad(Si)

Anneal

oo | M| O|O| O

ISL71590SEH

69.7

Figure 1

Pre-irradiation

30krad(Si)

50krad(Si)

100krad(Si)

300krad(Si)

450krad(Si)

Anneal

oo |/o0o|o0o|0o0o| oo

ISL71590SEH

69.7

Grounded

Pre-irradiation

30krad(Si)

50krad(Si)

100krad(Si)

300krad(Si)

450krad(Si)

Anneal
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NOTE:

1. ‘Pass’ indicates a sample that passes all post-irradiation SMD limits.
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ISL71590SEH Total Dose Testing

Variables Data

The plots in Figures 2 through 7 show data at all downpoints. We the combined low and high dose rate response, Figure 3 shows
plotted the average, minimum, and maximum of the total dose the low dose rate response only, and Figure 4 shows the high
response for each parameter at low and high dose rate. For dose rate response only.

clarity in interpreting the temperature error data, Figure 2 shows
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FIGURE 2. ISL71590SEH temperature error in Kelvin as a function of total dose irradiation at low and at high dose rate for the biased (per
Figure 1) and unbiased (all pins grounded) cases, plotting the average, minimum, and maximum. The low dose rate was 0.01rad(Si)/s
and the high dose rate was 69.7rad(Si)/s. The irradiations were followed by a +100°C 168-hour biased anneal; the LDR anneal was
performed after 150krad(Si) at low dose rate, while the HDR anneal was performed after 450krad(Si) at high dose rate. The sample
size for all cells was five. The post-irradiation SMD specification limits are -2.0K to +0.5K.
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ISL71590SEH

Total Dose Testing

Variables Data Plots (continued)

1.0

LDR DATA ONLY

=@®—LDR GROUND AVG
=—#—LDR BIASED AVG

SPEC LIMIT
=== SPEC LIMIT

TEMPERATURE ERROR (KELVIN)

AN

_ L
-2.0 qt

l LDR ANNEAL J
-3.0
-3.5
0 100 ANNEAL 300 400

TOTAL DOSE (krad(Si))

500

FIGURE 3. ISL71590SEH temperature error in Kelvin as a function of total dose irradiation at low dose rate for the biased (per Figure 1) and
unbiased (all pins grounded) cases, plotting the average, minimum, and maximum. The dose rate was 0.01rad(Si)/s. The irradiations
were followed by a +100°C 168-hour biased anneal; the LDR anneal was performed after 150krad(Si) at low dose rate. The sample
size for all cells was five. The post-irradiation SMD specification limits are -2.0K to +0.5K.
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FIGURE 4. ISL71590SEH temperature error in Kelvin as a function of total dose irradiation at high dose rate for the biased (per Figure 1) and
unbiased (all pins grounded) cases, plotting the average, minimum, and maximum. The dose rate was 69.7rad(Si)/s. The irradiations
were followed by a +100°C 168-hour biased anneal; the HDR anneal was performed after 450krad(Si) at high dose rate. The sample
size for all cells was five. The post-irradiation SMD specification limits are -2.0K to +0.5K.
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ISL71590SEH

Total Dose Testing

Variables Data Plots (continued)
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FIGURE 5. ISL71590SEH power supply rejection at 4V supply, in pA/V, as a function of total dose irradiation at low and at high dose rate for the
biased (per Figure 1) and unbiased (all pins grounded) cases, plotting the average, minimum, and maximum. The low dose rate was
0.01rad(Si)/s and the high dose rate was 69.7rad(Si)/s. The irradiations were followed by a +100°C 168-hour biased anneal; the LDR
anneal was performed after 150krad(Si) at low dose rate, while the HDR anneal was performed after 450krad(Si) at high dose rate.
The sample size for all cells was five. The post-irradiation SMD specification limits are -0.5pA/V to +0.5uA/V.

0.25

0.20
. 0.15
2 0.10 HDR ANNEAL
s .
©
zZ
& 005 i L m B i A 4
= A e A e B 3
Q f}"A' A A - A A A
] 0.00
[
: ’LL\
@  -0.05 | LDRANNEAL |
o
>
7]
e 010
% ==@—LDR GROUND AVG -~ LDR BIASED AVG
a 0.15 HDR GROUND AVG ==i==HDR BIASED AVG

' SPEC LIMIT SPEC LIMIT
| | |
-0.25
0 100 ANNEAL 300 400 ANNEAL

TOTAL DOSE (krad(Si))

FIGURE 6. ISL71590SEH power supply rejection at 15V supply, in yA/V, as a function of total dose irradiation at low and at high dose rate for the
biased (per Figure 1) and unbiased (all pins grounded) cases, plotting the average, minimum, and maximum. The low dose rate was
0.01rad(Si)/s and the high dose rate was 69.7rad(Si)/s. The irradiations were followed by a +100°C 168-hour biased anneal; the LDR
anneal was performed after 150krad(Si) at low dose rate, while the HDR anneal was performed after 450krad(Si) at high dose rate.
Sample size for all cells was five. The post-irradiation SMD specification limits are -0.2pA/V to +0.2uA/V.
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ISL71590SEH

Total Dose Testing

Variables Data Plots (continued)
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FIGURE 7. ISL71590SEH power supply rejection at 31V supply, in pA/V, as a function of total dose irradiation at low and at high dose rate for the
biased (per Figure 1) and unbiased (all pins grounded) cases, plotting the average, minimum, and maximum. The low dose rate was
0.01rad(Si)/s and the high dose rate was 69.7rad(Si)/s. The irradiations were followed by a +100°C 168-hour biased anneal; the LDR
anneal was performed after 150krad(Si) at low dose rate, while the HDR anneal was performed after 450krad(Si) at high dose rate.
Sample size for all cells was five. The post-irradiation SMD specification limits are -0.1pA/V to +0.1pA/V.

Discussion and Conclusion

We report the results of a characterization low and high dose rate
total dose test of the ISL71590SEH integrated temperature
sensor. All irradiations were followed by a high temperature
anneal at +100°C under bias. All electrical measurements were
performed at room temperature and were performed before
irradiation, after each irradiation step, and after each annealing
period. This is a simple part with one key performance
parameter, the temperature error, but that simplicity does not
necessarily translate into easy electrical testing. Careful
liquid-bath testing using Fluorocarbon fluid is required for
repeatable and accurate data (and for adequate production
testing as well, incidentally) and we used four control units at
each test operation to insure repeatable data.

Figures 2 through 7 show the total dose and anneal response of
the part’s parameters. In Figure 2 we plot both the low and high
dose rate response on the same set of axes, while Figures 3 and
4 show the low dose rate and high dose rate responses
separately for clarity.

The temperature error showed a very gradual change over high
dose rate irradiation (Figures 2 and 4) from the pre-irradiation
value of near zero to -0.5K after 450krad(Si), with minimal
anneal response. The low dose rate irradiation produced more
pronounced shifts (Figures 2 and 3), with the samples within the
-2.0K to +0.5K SMD limits after 50krad(Si), but with some out of
specification on the negative side after the 114krad(Si) and

150krad(Si) downpoints. See attributes data in Table 1. We
observed a strong anneal response back to approximately -1.5K,
see Figures 2 and 3, resulting in all samples being within the
-2.0K SMD limit after anneal. Interestingly, we observed no bias
sensitivity at all for either dose rate. The power supply rejection is
the only other measured parameter and was found to be stable
at 4V, 15V, and 31V supply voltage, although the data for the
114krad(Si) low dose rate downpoint is suspect, especially for
the 31V case; see Figure 7. The parameter remained well within
the respective SMD limits at all downpoints.

We conclude that the temperature error remained within the
-2.0K to +0.5K SMD post-irradiation specification limits after
50krad(Si) at low dose rate or 300krad(Si) at high dose rate, but
the part must be considered low dose rate sensitive based on the
‘delta parameter’ diagnostic algorithm outlined in MIL-STD-883
test method 1019 or based simply on inspection of Figure 2. As
noted before, the ISL71590SEH is acceptance tested on a
wafer-by-wafer basis at both low and high dose rate. No
differences in total dose response between biased and grounded
irradiation were noted at either dose rate, and the part is hence
not considered bias sensitive. Interestingly, high temperature
biased annealing following low dose rate irradiation produced a
strong anneal signature, while performing the same step on high
dose rate samples produced no response at all.
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Appendices
TABLE 2. REPORTED PARAMETERS AND THEIR POST-IRRADIATION LIMITS
FIGURE PARAMETER LIMIT, LOW LIMIT, HIGH UNITS NOTES

2 Temperature error, high and low dose rate -2.0 +0.5 K

3 Temperature error, low dose rate -2.0 +0.5 K

4 Temperature error, high dose rate 2.0 +0.5 K

5 Power supply rejection ratio -0.5 +0.5 HA/V |4V supply

6 Power supply rejection ratio -0.2 +0.2 WA/V |15V supply
7 Power supply rejection ratio 0.1 +0.1 WA/V |31V supply

- - -
RQV'S'O“ Hlstory The revision history provided is for informational purposes only and is believed to be accurate, but not warranted.
Please visit our website to make sure you have the latest revision.

DATE REVISION CHANGE
December 15, 2016 AN1895.2 Updated temperature error limits.
September 2, 2015 AN1895.1 Final report - all irradiations and anneals are complete.
November 1, 2013 AN1895.0 Initial report.
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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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