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INTRODUCTION 
On August 27 and October 24, 2002 International Rectifier Corp. (IR) tested several product types 
for Single Event Effects (SEE) hardness.  The irradiation was performed at Brookhaven National 
Laboratory, using the Tandem Van de Graaff (TVDG) generator.  Three ion species were used to 
characterize and verify the SEE hardness of each product type.  The product types submitted for 
evaluation and this report are included in Table 1 below: 
 

Table 1    Product Types Tested 
 

Product Type BVDSS Rating Gen. / Channel / Process Wafer Lot 

IRH7970Z4 60 Volts Logic R7 / P / 60 Volts 
(Hex-Z) ER24289 

IRH597064 60 Volts R5 / P / 60 Volts 
ER24461 
ER25077 
ER30751 

 
The wafer lot noted above is the lot from which from which the test samples originated.  For each 
product type, the results of testing herein are applicable to all other wafer lots having the same 
design and process.   
Additionally, Mr. Louis Jaquish of Defense Supply Center Columbus (DSCC-VQE) has performed 
an audit of IR for the purpose of assigning lab suitability and has granted IR a Letter of Lab 
Suitability for Test Method 1080 in June 1998. 
 

TEST METHOD 

The test method used as a guide in developing the test plan is MIL-STD-750, Test Method 1080.  
The test method establishes the basic requirements for the performance of the test.  Additionally, 
DSCC has established a minimum acceptance level of three (3) devices for each insitu bias 
condition.  Test method 1080, in conjunction with DSCC requirements, was utilized to write the test 
plan. 
 

TEST PLAN and PROCEDURE 
The test plan is included in Appendix C.  In summary, the testing occurred in the following manner: 
All devices / test samples were built and electrically tested in TO-3 packages.  The lid was removed 
from each test sample at the test site or the samples were produced without the lid.  Up to 18 test 
samples were loaded onto the test board and placed into the beam line, under high vacuum 
conditions.  The desired test sample was positioned into the beam line, and when ready the beam 
shutter was removed beginning the irradiation of the test sample.  Once the desired fluence was 
achieved the beam was automatically shuttered and the bias removed.  The biasing equipment then 
subjected the test samples to gate stresses up to 20V. 
The Ion with its LET and Energy must be selected for a Range of at least twice the depletion depth 
of the die under test. 
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TEST FACILITY 
 
The Tandem Van de Graaff (TVDG) generator is equipped with the necessary dosimetry to ensure 
the ion beam is meeting the customer expectation.  A printout of the runs, included in Appendix B, 
also includes the beam parameters, i.e., LET, energy, Range, etc., for each run.  Table 2 summarizes 
the beam criteria for the 3 ion species utilized. 
 

Table 2.  Ion Beam Criteria 
 

Ion LET 
MeV/(mg/cm2) 

Energy 
MeV 

Range 
µm 

Br 37.45 – 37.46 278.5 – 279 36 – 36.1 
I 59.72 – 59.73 320 – 322 31 – 31.1 

Au 81.44 – 82.06 333 – 346 27.5 – 28.2 
 
The fluence and flux specified for this test was 3E5 ions/cm2 and 1E4 ions/cm2/sec, respectively.  
The beam diameter was set to 1.5 cm.  The angle of incidence was set to zero (normal to the die 
surface). 
 
 
RESULTS 
 
The insitu bias conditions, where 0 failures occurred for each product type, are shown in Table 3. 
These results are shown graphically in Figure 1 as a plot of the Safe Operation Area (SOA).  Each 
point on the graph, or insitu bias condition, has been verified by irradiating and subsequent 
electrical testing of a minimum of 3 devices, with no valid failures allowed. The devices were 
returned to IR and tested using production ATE. The results of the test were inspected and matched 
to the notes taken during the test, see Appendix F.  The post-irradiation data correlates with the 
expected test results. 
 
It should be noted that acceptance is assumed for product types operating at conditions below those 
tested herein.  For example the IRH597064 was not tested under VGS bias conditions of 0V 
through -15V with the Br ion.  The test engineer made a calculated risk assessment based on SEE 
Process History and chose to begin characterization and verification at VGS = -20V.  The 
acceptance at the -20V was then extended to the lower VGS bias voltages. Furthermore the 
extension of more stressful conditions to less stressful conditions shall also apply to the LET 
conditions of the various ion species.  For example successful operation using the Au ion (LET of 
82.3 MeV/(mg/cm2)) shall also imply that the Br or I or any other ion with a LET < 82.3, shall also 
be acceptable and not require verification. 
 
The different runs and respective test conditions are all tabulated in Appendices A and B.  Table 4 
may be used as an index to identify which runs apply to a specific product type with a specific ion.  
Unlisted Runs are not related to this report.
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Table 3   Device Insitu Bias Conditions (VDS vs. VGS) with Ion Species 
 
 

Device Type /  
Part Number Ion VGS=0V VGS=5V VGS=6V VGS=7V VGS=8V VGS=10V

Br Qualified - 60 V - 60 V - 50 V - 35 V - 25 V 

I Qualified Qualified - 60 V - 20 V   
IRH7970Z4 

(Logic R7, Hex-
Z, 60Volts, P-ch) Au Qualified 60 V     
 
 

Device Type /  
Part Number Ion VGS=0V VGS=5V VGS=10V VGS=15V VGS=20V 

Br Qualified Qualified Qualified Qualified - 60 V 

I Qualified - 60 V - 60 V - 45 V - 25 V 
IRH5970X4 

(R5, 60 Volts,    
P-Channel) Au Qualified - 60 V - 60 V   

 
 
 
Note: “Qualified” indicates part is qualified by extension of insitu bias testing at higher VGS level.   
See Concluding Tutorial for more details. 
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Table 4   Run Number Index 
 
 

Device Type /  
Part Number 

Wafer Lot 
Number 

Ion 
Specie 

Run  
Date 

Run 
Number 

Br 08-27-2002 184 to 222 

I 08-27-2002 223 to 260 
IRH7970Z4 

(Logic R7, Hex-
Z, 60Volts, P-ch) 

ER24289 

Au 08-27-2002 425 to 429 

Br 08-27-2002 101 to 122 

I 08-27-2002 307 to 338 ER24461 

Au 08-27-2002 405 to 412 

Br 08-27-2002 123 to 149 

I 08-27-2002 339 to 357 ER25077 

Au 08-27-2002 413 to 415 

Br 10-24-2002 40 to 45 

I 10-24-2002 142 to 154 

IRH5970X4 
(R5, 60 Volts,    
P- Channel) 

ER30751 

Au 10-24-2002 211 to 219 
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Figure 1   Device Safe Operating Area 
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CONCLUSION 
 
The 60-Volt P-Channel Logic-Gate R7 (IRHC7970Z4) and 60-Volt P-Channel R5 (IRHC5970x4) 
had demonstrated the good SEE Hardness. 
 
The 60-Volt P-Channel Logic-Gate R7 (IRHC7970Z4) is well SEE-hard with both the Bromine and 
Iodine ions at 100% rated VDS and 6V VGS applied and with Gold ion at 100% rated VDS and 5V 
VGS applied. 
 
The 60-Volt P-Channel R5 (IRHC5970x4) is well SEE-hard with both the Bromine ion at 100% 
rated VDS and 20V VGS applied, with Iodine ion at 100% rated VDS and 10V VGS applied and 
with Gold ion at 100% rated VDS and 5V VGS applied. 
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CONCLUDING TUTORIAL 
 
The following is presented to help the reader understand the basis on which SEE Testing is 
extended to the other part numbers. 
 

 
Extending Single Event Effects Testing 

 
 
International Rectifier has designed Single Event Effects (SEE) experiments to maximize facility 
usage using four, industry accepted, assumptions as follows: 
 

I. Test results for one die size are representative of other die sizes, if the process and 
design rules are not changed.  In other words the scaling of die size has no affect if all other 
variables are held constant.  Please note that for a given voltage and technology, there are no 
differences in design and process for the various sizes of IR’s radiation hardened MOSFET 
die, thus the assumption is valid.   In reality, IR will always test the largest available die 
size.  We consider this a worst-case scenario.  The industry standard for acceptance of a 
given in-situ bias condition, is the acceptable performance of three or more devices at the 
specified conditions.  Presently a supplier could achieve this standard with size 1 die thru 
size 6 die.  We believe that use of the smaller die reduces the probability of failure, and thus 
reduces the chance of a SEE problem being discovered.  The size 1 die are about one-fourth 
the size of the size 6 die.  Thus successfully testing three size 6 die is roughly equivalent to 
testing 12 size 1 die.  This results in a savings of valuable test time at the SEE test facility, 
without degrading the final test result. 

II. Acceptable test results taken at given VGS and VDS conditions are applicable to lower 
VGS and VDS conditions.  In other words an acceptable test result (>= 3 devices passing) at 
VGS = -15V and VDS = 200V, would also apply to VGS = -10, -5 or 0V at the same or 
lower VDS condition.  In several cases parts have been tested at the worst-case in-situ bias 
condition of VGS = -20V and VDS = max rated BVDSS.  With acceptable test results, the 
safe operation area, has been extended from VGS = 0 to –20V and VDS from 0 to the max 
rating.  It is not necessary to verify every point below the accepted in-situ bias conditions.  
Again this saves valuable experiment time. 

III. Acceptable test results taken with a given LET, would also apply at other lower LETs.  
It is generally accepted that successful test results with Iodine, for example, implies the 
device would be hard against Bromine, Krypton, Nickel, etc., ion species with a lower LET.  
It is not necessary to test at each lower LET, again saving valuable test time. 

IV. The package used has no effect on the SEE hardness of a die.  The die are characterized 
fully exposed to the ion beam.  In other words the lid of the package is removed making the 
die visible.  This removes the package as a variable when comparing test results.  As a rule 
IR uses the common TO3 package for mounting die for SEE tests. 

 
Each of the assumptions above is generally accepted within the industry.  IR has verified their 
validity over the last several years and makes appropriate use of them to maximize the benefit for 
our customers. 
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Test Plan, Single Event Effects 

(BNL, TDVG Accelerator) 
1.0  Purpose 
The purpose of this test is to characterize and establish Single Event Effects (SEE) Safe-Operating-Area 
(SOA) curves for several International Rectifier Corp. (IR) Power MOSFET devices.  The data resulting 
from the tests shall be used for qualification to several US Government military slash sheets and shall be 
incorporated in the IR data sheets. 
 

2.0  Test Responsibility 
IR shall be responsible for conducting the tests, which shall be performed at the Brookhaven National 
Laboratory (BNL), Tandem Van De Graaff (TDVG) Accelerator.  IR shall be responsible for the SEE 
testing of devices-under-test (DUT) and final Test Report. 
 

3.0  Test Facility 
3.1  Accelerator 
The Brookhaven National Laboratory, Tandem Van De Graaff Accelerator (TDVG) shall be used to provide 
the necessary ion species and energy.  Brookhaven National Laboratory (BNL)shall provide adequate 
dosimeter for verification of the ion beam parameters. 
3.2  Test Equipment 
The necessary test equipment including the test interface board, cables, power supplies, etc. shall be 
provided by IR.  IR shall provide the equipment needed  to de-lid and handle the individual test devices.   
 

4.0  Test Devices 
4.1  The following device types are planned for characterization : 
 IRH7970Z4 (Hex-Z, 60V, P-channel, R7, LOGIC Process) Depletion Depth=9µm typical 
 IRH597064 (Hex-6, 60V, P-channel, R5, MR Process)  Depletion Depth=9µm typical 
 IRH770Z4 (Hex-Z, 60V, N-channel, R7, LOGIC Process) Depletion Depth=7µm typical 
 IRH67G30 (Hex-3, 1000V, N-channel, R6, MR Process) Depletion Depth=110µm typical 
4.2  All devices shall be built in TO-3 packages.  The devices shall be properly sealed and packed for 
transportation to BNL. 
4.3  All devices shall be verified for correct electrical performance prior to arrival at BNL. 
 

5.0  Test Method 
The MIL-STD-750, Method 1080 shall be used to set procedure for all testing described herein. 
 

6.0  Ion Specie and Energy 
There are three (3) available ion specie, each with different energy level, at BNL.  All parts will be first 
tested with one specie of lowest energy (LET) level before the TDVG is switched to the next ion specie 
with higher energy level.  
a.  Bromine     35Br79        Energy =  309 MeV         LET = 36.7 MeV/(mg/cm2)   Range = 39.5 µm 

b.  Iodine         63I127         Energy =  341 MeV         LET = 59.8 MeV/(mg/cm2)   Range = 32.5 µm 

c.  Gold           79Au197     Energy =  350 MeV         LET = 82.3 MeV/(mg/cm2)   Range = 28.4 µm 
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7.0  Record Keeping 
Each irradiation shall be assigned a run number.  This number will be used to correlate data from different 
sources. 
7.1  TDVG Output 
The TDVG shall provide a hardcopy summary of all test runs showing key parameters such as run, date, 
time, flux, fluence, ion, energy, LET, and range.  A separate output of beam diagnostics shall also be 
provided. 
7.2  IR Output 
IR shall also keep a written log of each run including run, ion, device tested, VDS and VGS biases.  IR shall 
also record comments regarding the test including observations or deviations from test plan. 
 

8.0 Characterizations and Verification 
Characterization and Verification may be accomplished simultaneously.  Characterization implies that the 
SOA curve is set using at least one (1) device at each insitu bias.  Verification is simply an extension of the 
characterization, demonstrating two (2) additional devices passing at each insitu bias, for a total of three (3) 
devices per insitu bias condition. 
 

9.0  Test Procedure 
The IR Product Engineer assigned to this test shall control the following test procedure based on Test 
Method 1080.  IR shall be responsible to direct the ion specie, beam characteristics, insitu bias conditions 
and device selection. 
9.1  Nominal Beam Characteristics are : Flux = 1x104 (1E4) ions/cm2/sec. 
      Fluence = 3x105 (3E5) ions/cm2. 
      Beam Diameter = 1.5 cm. 
9.2  Initial Starting Point : typically at   VDS =Rated VDS   and   VGS = 0. 
9.3  Irradiate the device at the selected flux and fluence. 
9.4  Post irradiation, test  IGSS  at  VGS = 20 V. 
9.5  Based on apparent pass or fail, select next operating conditions. 
9.6  Repeat with new device. 
 

10.  Test Report 
The Test Report shall include the following information : 
 a.  Device Type(s), serial numbers, wafer lot identification, date code (if applicable). 
 b.  Test dates and personnel names. 
 c.  Facility, accelerator type. 
 d.  Ion specie, energy, LET, range, flux and fluence. 
 e.  Schematic of test circuit used. 
 f.  Dosimeter for each ion beam used. 
 g.  Insitu bias conditions. 
 h.  Comments and observations. 
 i.  Pre and post electrical test results. 
 j.  Summary description including curves. 
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Appendix D 
 

Test Circuit 
 

Schematic 
 

Diagram 
 
 
 
 
 
 
 
 
 

Reference:  MIL-STD-750, Method 1080 
Details of Test Method can be reviewed from DSCC Website: 

www.dscc.dla.Downloads/MilSpec/Docs/MIL-STD-750/std750_1000.pdf 
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Test Circuit Schematic Diagram 
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Available Ion Species 

        In Silicon In GaAs 
    Mass Max 

Energy 
Surface

LET 
Range Surface 

LET 
Range 

Z Symbol AMU MeV MeV 
AMU 

MeV 
mg/cm2 

Microns MeV 
mg/cm2 

Microns

1 1H1 1.0079 29 28.77 0.015 4591 0.012 2660 
1 1D2 2.0140 29 14.40 0.026 2699 0.017 1620 
3 3Li7 7.0160 58 8.27 0.366 403 0.269 250 
5 5B11 11.0093 87 7.90 1.04 220 0.766 138 
6 6C12 12.0000 102 8.50 1.42 193 1.04 120 
7 7N14 14.0067 116 8.28 1.95 163 1.43 102 
8 8O16 15.9994 131 8.19 2.53 145 1.86 90.8 
9 9F19 18.9954 145 7.63 3.31 126 2.43 79.8 
11 11Na23 22.9898 170 7.39 4.88 105 3.51 69.3 
12 12Mg24 23.9927 180 7.50 5.65 97.2 4.14 61.8 
13 13Al27 26.9815 192 7.12 6.70 89.7 4.90 57.4 
14 14Si28 28.0855 203 7.23 7.55 85.3 5.51 54.6 
15 15P31 30.9738 206 6.65 8.88 76.0 6.46 49.1 
16 16S32 31.9822 217 6.79 9.79 73.4 7.13 47.4 
17 17Cl35 34.9688 224 6.41 11.1 68.5 8.08 44.4 
19 19K39 38.9637 235 6.03 13.7 60.9 9.90 39.9 
20 20Ca40 39.9753 242 6.05 14.8 58.7 10.7 38.5 
21 21Sc45 44.9559 242 5.38 16.7 54.1 12.0 35.8 
22 22Ti48 47.9479 253 5.28 18.1 53.2 13.0 35.4 
23 23V51 50.9420 253 4.97 19.7 50.1 14.1 33.5 
24 24Cr52 51.9405 264 5.08 20.8 49.9 14.9 33.3 
25 25Mn55 54.9380 264 4.81 22.5 47.4 16.1 31.9 
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Available Ion Species 

        In Silicon In GaAs 
    Mass Max 

Energy 
Surface

LET 
Range Surface 

LET 
Range 

Z Symbol AMU MeV MeV 
AMU 

MeV 
mg/cm2 

Microns MeV 
mg/cm2 

Microns

26 26Fe56 55.9349 270 4.83 23.7 46.4 17.0 31.2 
27 27Co59 58.9332 270 4.58 25.4 44.4 18.1 30.0 
28 28Ni58 57.9353 280 4.83 26.3 44.3 18.8 29.9 
29 29Cu63 62.9296 285 4.53 28.0 43.4 20.0 29.4 
30 30Zn64 63.9291 285 4.46 29.4 41.9 21.0 28.4 
31 31Ga69 68.9257 290 4.21 31.2 41.3 22.1 28.2 
32 32Ge72 71.9221 290 4.03 32.7 40.0 23.3 27.6 
33 33As75 74.9216 295 3.94 34.2 39.6 24.2 27.2 
34 34Se80 79.9165 295 3.69 35.9 38.6 25.3 26.7 
35 35Br79 78.9183 305 3.86 36.9 38.7 26.1 26.7 
38 38Sr88 87.9056 305 3.47 41.4 36.3 29.0 25.3 
40 40Zr90 89.9047 315 3.50 43.9 35.7 30.8 24.9 
41 41Nb93 92.9060 313 3.37 45.3 34.9 31.7 24.4 
44 44Ru102 101.9043 320 3.14 49.3 34.0 34.3 23.9 
45 45Rh103 102.9055 330 3.21 50.4 34.3 35.2 24.1 
47 47Ag107 106.9051 345 3.23 52.9 34.5 36.9 24.2 
50 50Sn120 119.9022 340 2.84 56.6 33.2 39.2 23.6 
51 51Sb121 120.9038 340 2.81 57.8 32.7 40.0 23.3 
52 52Te130 129.9062 350 2.69 58.9 33.5 40.7 23.9 
53 53I127 126.9045 370 2.92 60.1 34.3 41.7 24.3 
65 65Tb159 158.9250 370 2.33 72.4 31.2 49.5 22.5 
67 67Ho165 164.9303 370 2.24 74.2 30.8 50.5 22.3 
73 73Ta181 180.9480 375 2.07 79.2 30.2 53.7 21.9 
74 74W184 183.9510 375 2.04 79.9 30.1 54.1 21.9 
75 75Re187 186.9560 372 1.99 80.5 29.8 54.4 21.7 
76 76Os192 191.9614 377 1.96 81.3 30.0 54.9 21.9 
77 77Ir193 192.9633 377 1.95 82.1 29.8 55.4 21.7 
78 78Pt195 194.9648 380 1.95 83.0 29.8 56.0 21.8 
79 79Au197 196.9665 390 1.98 84.1 30.2 56.8 22.0 
92 92U238 238.1243 385 1.62 91.3 29.1 60.8 21.4 
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 Range vs Surface LET 
For typical TVDG ions. 
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