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INTRODUCTION

This test report covers the neutron fluence tests performed on the IRUH33PA13B20K Low
Dropout linear regulator in a hermetic package. The neutron fluence test was performed
to determine the effects displacement damage had on the device performance. On
December 21, 2005, International Rectifier characterized this device for neutron hardness
at the University of Massachusetts, Nuclear Research Facility using their Fast Neutron
Irradiator.

SUMMARY OF RESULTS

All of the test samples passed the post radiation test requirements for fluence levels of
1E10, 2E11, and 2E12 n/cm?. The results do show degradation in the device's Output
Voltage, Dropout Voltage, and Shutdown Threshold characteristics after exposure to
neutron irradiation of 2E12 n/cm? but the devices are still functional at this level.

TEST METHOD

The test method used in the development of the Test Plan was MIL-PRF-883, method
1017 Neutron Irradiation. This method established the basic requirements for the
performance and execution of the tests.

TEST PLAN

The samples were exposed to neutron irradiation in an un-biased state with all of the
device leads open. Post radiation testing of the devices occurred after the decay of
radioactivity of the devices reached an acceptable safe level determined by the facilities
personnel. The rate of decay was dependent on the amount of exposure to neutrons and
the package materials. The devices were contained in a 20 +/-10C environment to
minimize the effects due to annealing. The devices were tested on December 21, 2005 for
post exposure affects for the 1E10 and 2E11 n/cm? fluence levels. The devices were
exposed to a fluence level of 2E12 n/cm? but not tested until December 22, 2005 until the
radioactivity decayed enough for safe handling.

The Radiation Test Specification is included in Appendix B. The testing occurred in the
following manner:

1.0 Purpose
The purpose of this test is to characterize and establish Neutron effects for International Rectifier’s hybrid

low dropout regulator devices. The data resulting from the tests may be incorporated in the IR data sheet for
the product.

2.0 Test Responsibility

International Rectifier shall be responsible for conducting the tests, which shall be performed at the
University of Massachusetts Research Reactor facility. International Rectifier shall be responsible for the
final Test Report.

3.0 Test Facility
3.1 Nuclear Reactor
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The University of Massachusetts Research Reactor shall be used to provide the necessary Neutron

beam and energy. University of Massachusetts Research Reactor (UMRR) shall provide adequate
dosimetry for verification of the neutron beam parameters.

3.2 Test Equipment
The necessary test equipment including interface board, cables, power supplies, measurement
system, etc. shall be provided by International Rectifier.

3.3 Sample Size

Sample size shall be determined based on device type, characterization parameters. As a
minimum, the sample size shall meet the requirements of Mil-STD-883, method 1017. The sample
size for this test is 10 devices and one device for a control sample.

4.0 Test Device
4.0 The following device is planned for Neutron characterization:
a. IRUH33PA13B20K

4.1 All devices shall be subjected to 160hrs of burn-in and verified for correct electrical performance
prior to arrival at UMRR.

4.2 The device leads will be left open during this test and all parts shall be contained inside a
conductive ESD bag during irradiation.

5.0 Test Method
MIL-STD-883, Method 1017 shall be used to establish procedure for all testing described herein.

6.0 Neutron Source

The nuclear reactor at Lowell, Mass is capable of providing fast neutron flux level > 10** n/cm? — s with
relatively low thermal fluence and gamma irradiation. The Fast Neutron Irradiator (FNI) offers near uniform
spectrum over a large cross-sectional area (12 x 12 x 6). The dosimetry system used to verify the radiation
exposure was P-32, ASTM E-265.

7.0 Record Keeping
The Reactor facility shall provide dosimetry data for the FNI. IR will be responsible for collecting and
compiling the test data.

8.0 Test Procedure

International Rectifier shall control the following test procedure, based on Test Method 1017. IR’s design
engineering department shall be responsible for selecting the neutron fluence level the product is exposed
to.

The facility personnel shall be responsible for loading and moving the device container.
Exposure levels shall be 1E10 n/cm?, 2E11 n/cm?, and 2E12 n/cm?.

Test Procedure - Table 1

Step Description Conditions
1 Pre test all devices prior to radiation exposure. Per T090104G
2 Place all devices in ESD safe bag all device pins are

open

3 Place devices into the shielded container Unbiased
4 Lower the container into the irradiation chamber Facilities personnel
5 Expose the devices to pre-determined level See exposure levels
6 Remove devices at completion of exposure time Facilities personnel
7 Allow devices to decay to safe level Facilities personnel
8 Test devices after post irradiation Per T090104G
9 End test. Read and Record data
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9.0 Test Report

The Test Report shall include the following information.

Device type(s), serial numbers, wafer lot identification (per active component)
Test dates

Facility, source type

Fluence

Certificate of Exposure

Bias conditions

Comments and observations

Pre and Post Electrical data
Summary descriptive including graphs

TS@TooooTe

TEST FACILITY

The University of Massachusetts, Lowell, Nuclear Research Reactor is a 1 Mega-Watt,
Uranium?® enhanced core reactor. The Fast Neutron Irradiation (FNI) chamber (see
Figure 1) is designed to give a fast flux level from 10'° to 10*° n/cm?-s with relatively low
thermal fluence and gamma dose rates. It is also designed to provide a 1MeV equivalent
flux over the effective range.
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Test Results

The key pre and post radiation test results are shown graphically in Figures 2 thru 8. As outlined in the Test
Plan, ten devices were exposed to neutron irradiation at fluence levels of 1E10, 2E11, and 2E12 n/cm?. The
devices were tested after completion of radiation exposure and radioactive decay recovery. The data is
displayed in the following graphs with the Average, Minimum, and Maximum for all the device samples
shown. The Control sample results are shown with its own curve on each graph. The radiation exposure had
minimal affect on the samples up to a fluence level of 2E12 n/cm* There were no catastrophic failures for
any device. All parameters were within the post radiation limits for the device.

An error in the software for the Ripple Rejection test caused erroneous measurements at the post 1E10 test
step. This issue was resolved by test engineering.

Figure 2
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Figure 8
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CONCLUSION

The IRHU33PA13B20K has demonstrated hardness to neutron radiation exposure to a
fluence level of 2E12 n/cm? with no affect on its overall performance and the results show
it to meet all the post radiation test requirements. All devices tested proved to be immune

to any catastrophic events up to a fluence level of 2E12 n/cm?.
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Appendix A

Electrical Data
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Electrical Test Data (Pre-radiation)

TEST | Voutl | Vout2 | Vout3 | Vout4 | Vouts Line Load Vdrop | Current | Ripple Vshdn

Reg Reg Limit Rej.
Max 2.625 | 2.625 | 2.625 | 2.625 12.5 147.6 0.4 10 200 1.6
Limit
Min 2.375 | 2.375 | 2.375 | 2.375 -12.5 | -147.6 0 3 40 1.0
Limit
Serial V) V) V) V) ) (mv) | (mv) V) (A) (dB) V)
#

107 2.495 2.495 2.496 2.495 1264 | -1.401 | 4.004 0.187 8.502 76.6 1.353

69 2.497 2.498 2.500 2.497 1.266 0.452 2.752 0.194 8.456 76.2 1.332

70 2.503 | 2.503 | 2.506 | 2.503 1.268 | 0.316 6.557 0.202 7.797 76.8 1.325

72 2.498 2.498 2.500 2.499 1.266 | -0.271 | 2.920 0.183 8.456 78.3 1.332

79 2.508 2.506 2.511 2.506 1.270 | -0.542 | 5.367 0.195 8.398 78.1 1.312

82 2.503 | 2503 | 2.504 | 2.502 1.268 | -0.633 | 1.788 0.194 8.456 78.5 1.353

103 2.498 2.498 2.499 2.498 1266 | -1.130 | 1.964 0.194 8.139 76.1 1.332

105 2505 | 2504 | 2505 | 2506 | 1.268 | 0.136 1.874 0.198 8.456 73.8 1.353

109 2.504 | 2.504 | 2.504 2.504 1.270 0.452 0.565 0.225 7.808 76.6 1.291

110 2.503 2.504 | 2.504 2.504 1.268 | -1.130 | 3.147 0.194 8.456 77 1.332

113 2.506 2.506 2.508 2.507 1.269 | -0.723 | 4.022 0.191 8.502 77.4 1.353

* Data collected for information purposes only parameter not specified for pre-radiation.

Electrical Test Data (Post 110 n/cm? exposure)

TEST | Voutl | Vout2 | Vout3 | Voutd | Voutb5 Line Load Vdrop | Current | zRipple | Vshdn

Reg Reg Limit Rej.
Max 2625 | 2.625 | 2.625 | 2.625 125 147.6 0.4 10 200 1.6
Limit
Min 2375 | 2.375 | 2.375 | 2.375 -12.5 -147.6 0 3 40 1.0
Limit
Serial | (V) (V) ) (V) V) (mv) | (mv) V) (A) (dB) V)
#

107 2499 | 2495 | 2496 | 2.495 | 1.264 0.407 2.238 0.191 8.851 | Invalid 1.357

69 2499 | 2496 | 2499 | 2.497 | 1.265 0.045 4.638 0.198 8.488 | Invalid 1.336

70 2502 | 2502 | 2504 | 2503 | 1.268 | -0.723 | 2.785 0.202 8.215 | Invalid 1.357

72 2498 | 2498 | 2499 | 2.498 | 1.265 0.587 2.045 0.195 8.488 | Invalid 1.357

79 2501 | 2499 | 2502 | 2.499 | 1.266 | -0.361 | 4.364 0.195 8.215 | Invalid 1.357

82 2502 | 2501 | 2502 | 2501 | 1.266 | -0.361 | 2.344 0.195 8.488 | Invalid 1.315

103 2498 | 2496 | 2499 | 2.497 | 1.265 0.361 3.521 0.202 7.807 | Invalid 1.336

105 2503 | 2502 | 2505 | 2.503 | 1.268 | -0.271 | 2.094 0.191 8.761 | Invalid 1.336

109 2499 | 2497 | 2500 | 2.499 | 1.265 0.452 2.137 0.228 7.761 | Invalid 1.294

110 2503 | 2501 | 2504 | 2.503 | 1.268 0.813 3.146 0.198 8.488 | Invalid 1.357

113 2505 | 2503 | 2505 | 2504 | 1.269 | -1.084 | 3.141 0.191 8.533 | Invalid 1.357

* Data collected for information purposes only parameter not specified for post radiation.
+Test system did not acquire valid ripple rejection data. This was resolved for other levels of exposure.
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Electrical Test Data (Post 2e11 n/cm? exposure)

TEST | Voutl | Vout2 | Vout3 | Voutd | Vouts Line Load Vdrop | Current | Ripple | Vshdn

Reg Reg Limit Rej.
Max 2625 | 2.625 | 2.625 | 2.625 125 147.6 0.4 10 200 1.6
Limit
Min 2375 | 2375 | 2.375 | 2.375 -12.5 -147.6 0 3 40 1.0
Limit
Serial V) (V) V) (V) V) (mv) | (mv) V) (A) (dB) V)
#

107 2492 | 2491 | 2493 | 2492 | 1.261 0.181 3.435 0.195 9.082 | 99.184 1.301

69 2508 | 2504 | 2510 | 2.505 | 1.273 0.497 6.616 0.206 8.854 | 98.071 1.339

70 2515 | 2511 | 2520 | 2,511 | 1.276 0.768 9.076 0.213 8.491 | 99.757 1.359

72 2505 | 2503 | 2507 | 2505 | 1.272 | -0.316 | 3.834 0.194 9.036 | 98.071 1.359

79 2508 | 2505 | 2510 | 2506 | 1.274 | -0.633 | 4.278 0.206 8.854 | 99.757 1.359

82 2512 | 2510 | 2512 | 2510 | 1.274 0.181 2.542 0.194 9.081 | 98.597 1.318

103 2505 | 2504 | 2507 | 2503 | 1.272 | -0.497 | 4.044 0.209 8.718 | 98.114 1.339

105 2513 | 2511 | 2514 | 2511 1.276 | -0.452 | 3.152 0.198 8.854 | 98.597 1.339

109 2.507 | 2505 | 2.509 | 2.507 1.274 | -1.355 | 4.246 0.232 8.082 | 99.757 1.339

110 2513 | 2511 | 2512 | 2511 1.275 | -1.310 1.744 0.206 9.127 | 97.105 1.339

113 2513 | 2511 | 2514 | 2511 | 1.275 1.355 3.560 0.198 8.990 | 97.574 1.359

* Data collected for information purposes only parameter not specified for post radiation.

Electrical Test Data (Post 2e12 n/cm? exposure)

TEST | Voutl | Vout2 | Vout3 | Vout4 | Vout5 Line Load Vdrop | Current | Ripple Vshdn

Reg Reg Limit Rej.
Max 2.625 | 2.625 | 2.625 | 2.625 12.5 147.6 0.4 10 200 1.6
Limit
Min 2.375 | 2.375 | 2.375 | 2.375 -12.5 | -147.6 0 3 40 1.0
Limit
Serial V) V) V) V) ) (mv) | (mv) V) (A) (dB) V)
#

107 2495 | 2494 | 2.497 | 2494 | 1.267 | -0.045 | 3.300 | 0.189 8.825 | 98.669 1.357

69 2526 | 2522 | 2532 | 2522 | 1.282 | -0.768 | 11.619 | 0.227 8.507 | 97.134 1.378

70 2530 | 2528 | 2532 | 2529 | 1.286 | -0.181 | 4.771 0.238 8.507 | 96.731 1.378

72 2520 | 2520 | 2523 | 2520 | 1.281 | -0.859 | 3.399 0.230 8.552 | 95.903 1.398

79 2527 | 2526 | 2531 | 2526 | 1.285 | -0.136 | 5.453 0.230 8.370 | 99.187 1.378

82 2526 | 2524 | 2528 | 2526 | 1.284 | -0.768 | 3.981 0.227 8.779 | 97.091 1.398

103 2521 | 2518 | 2523 | 2519 | 1.281 | -0.362 | 5.056 0.234 8.507 | 97.177 1.378

105 2531 | 2531 | 2534 | 2,531 | 1.287 0.000 2.866 0.227 8.825 | 98.143 1.357

109 2.529 | 2526 | 2528 | 2527 | 1.283 | -0.181 | 3.020 | 0.265 8.534 | 98.568 1.343

110 2533 | 2531 | 2535 | 2,532 | 1.285 0.316 2.939 0.243 8.851 | 99.171 1.426

113 2530 | 2528 | 2531 | 2.528 | 1.283 0.587 0.916 0.224 9.078 | 95.089 1.385

* Data collected for information purposes only parameter not specified for post radiation.
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Appendix B

Radiation Test Specification
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PRODUCT DISCRIPTION: ADJUSTABLE LOW DROPOUT VOLTAGE REGULATOR
Automatic Test Tester: PXI TEST CONSOLE 04-134-TC
Table 1: Pre Radiation Tests, 25C tests only *
Prog.
Ref. Test Symbol Test Conditions Rad Level: Notes MIN MAX Units
A Output Voltage V out Vin = 3.30 Vdc Pre Rad 2.475 2.525 Vdc
lout=1.5A
A Output Voltage V out Vin = 3.3 Vdc Pre Rad 2.375 2.625 Vdc
lout = 50 mA
A Output Voltage V out Vin = 3.8 Vdc Pre Rad 2.375 2.625 Vdc
lout=3.0A
A Output Voltage V out Vin = 2.8 Vdc Pre Rad 2.375 2.625 Vdc
lout = 50 mA
A Output Voltage V ref Vin = 3.3 Vdc Pre Rad 1.225 1.305 Vdc
lout = 25mA
A Line Regulation Vrline 2.9V <Vin < 3.8V Pre Rad -6.25 6.25 mVdc
lout = 50 mA
A Load Regulation Vrload Vin = 3.3V Pre Rad -73.8 73.8 mVdc
50mA <lo < 3.0A
A Dropout Voltage Vdrop lout = 3A Pre Rad 0 0.40 Vdc
A Current Limit | limit Vin = 3.3 Vdc Pre Rad 3.0 10.0 A
A Ripple Rejection Rrej F= 120 Hz Pre Rad 65 200 dB
lout = 50 mA
A Shutdown Vshutdown _ [Vin = 5.0 Vdc, Vshutdown ramp Pre Rad 1.0 1.6 V
Threshold from 0.8V to 4.8V, output
monitored for 100mV drop below
A Output voltage Vout shdn Vin = 3.3 Vdc Pre Rad -0.1 +0.1 V
At Shutdown lout =50 mA
Vshdn = +5 Vdc
A Shutdown Ishutdown Vin = 3.3 Vdc Pre Rad 2 uA
Pin Current lout = 50 mA
Vshdn = +5 Vdc
Notes:

1. Regulator shall be biased at a nominal Vout of 2.5V with Radjust set at 976 ohms and tested to the limits specified on the data sheet.

2. These tests are performed for information purposes only.

This is proprietary information of International
Rectifier Hi-Rel Products and it is understood
that this will not be divulged to a third party
or used in any way prejudicial to the interest
of International Rectifier HiRel Products.
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Automatic Test Tester: PXI TEST CONSOLE 04-134-TC
Table 2: Post Radiation Tests, 25C tests only *
Prog.
Ref. Test Symbol Test Conditions Rad Level: Notes MIN MAX Units
B Output Voltage V out Vin = 3.30 Vdc Post Rad 2.375 2.625 Vdc
lout=15A
B Output Voltage V out Vin = 3.3 Vdc Post Rad 2.375 2.625 Vdc
lout = 50 mA
B Output Voltage V out Vin = 3.8 Vdc Post Rad 2.375 2.625 Vdc
lout=3.0 A
B Output Voltage V out Vin = 2.8 Vdc Post Rad 2.375 2.625 Vdc
lout = 50 mA
B Output Voltage V ref Vin = 3.3 Vdc Post Rad 1.202 1.328 Vdc
lout = 25mA
B Line Regulation Vrline 2.9V <Vin < 3.8V Post Rad -12.5 12.5 mVdc
lout = 50 mA
B Load Regulation Vrload Vin = 3.3V Post Rad -147.6 147.6 mVdc
50mA < lo < 3.0A
B Dropout Voltage Vdrop lout = 3A Post Rad 0 0.40 Vdc
B Current Limit 1 limit Vin = 3.3 Vdc Post Rad 3.0 10.0 A
B Ripple Rejection Rrej F=120 Hz Post Rad 40 200 dB
lout = 50 mA
B Shutdown Vshutdown __[Vin = 5.0 Vdc, Vshutdown ramp Post Rad 1.0 1.7 V
Threshold from 0.8V to 4.8V, output
B QOutput voltage Vout shdn Vin = 3.3 Vdc Post Rad -0.1 +0.1 V
At Shutdown lout = 50 mA
Vshdn = +5 Vdc
B Shutdown Ishutdown Vin = 3.3 Vdc Post Rad 2 UA
Pin Current lout = 50 mA
Vshdn = +5 Vdc
Notes:

1. Regulator shall be biased at a nominal Vout of 2.5V with Radjust set at 976 ohms and tested to the limits specified on the data sheet.

2. These tests are performed for information purposes only.

This is proprietary information of International

Rectifier Hi-Rel Products and it is understood
that this will not be divulged to a third party
or used in any way prejudicial to the interest
of International Rectifier HiRel Products.
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