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I. Introduction and Summary of Test Results 

 This study was undertaken to determine the single-event effect susceptibility of the IRF5NJ9540 p-
channel power MOSFET from Infineon. Heavy-ion testing was conducted at the Texas A&M University 
(TAMU) Cyclotron. The application voltage of interest for this test is VDS=28V and 133% of the application 
voltage is VDS=37.24V. 

 Samples passed above the required application drain voltage at 25, 30, 40 and 45V (VDS) under 
irradiation with 15 MeV/u silver (linear energy transfer (LET) = 44.9 MeV∙cm2/mg) with gate bias at 0V. 
All samples showed failure when irradiated with a drain bias of 50V.  While the parts showed leakage 
current steps under irradiation at VDS=50V, they failed catastrophically during post irradiation gate and 
drain stresses.  Tests were conducted at normal beam incidence (worst-case angle) in air.  

 
 

DUT #   LDC 25V 30V 40V 45V 50V 

551 0551  - - -  
001 1715 -   -  
008 1715 -     
009 1715 -     

 
 

Figure 1.  Maximum passing VDS bias during irradiation. Red ‘x’ indicates a failed part  

 
II. Devices Tested 

 The sample size for this testing was 4 pieces at the TAMU facility. The part is manufactured by 
Infineon. The part is a  -100V Single P-Channel Hi-Rel MOSFET in a SMD-0.5 package, part # 
IRF5NJ9540.  Three flight Lot (LDC-1715) samples were provided by L3 in August 2022 in SMD 0.5 
packages. One additional sample (LDC-0551) was also made available for testing. The pieces were 
mechanically de-lidded and visually inspected at GSFC prior to shipping to test facilities. At the test 
facilities, a subset of electrical characterizations was performed in the irradiation position prior to radiation 
exposure.  

 
III. Test Facilities 

Facility: Texas A&M University (TAMU) Cyclotron Facility, 15 MeV/u tune.  
Flux:  1x 104 ions/cm2/s.   
Fluence:  All tests were run to 1 x 106 ions/cm2. 
Ion species: Ag. The table below shows the TAMU-provided beam energy and surface-incident beam 

properties. 
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Table 1.  Ion Beam Properties (in air 3 cm from window) 

Ion:   
Energy 
(MeV) 

Surface LET 
 (MeV·cm2/mg) 

Range 
(µm) 

Angle of Incidence 
(Degrees) 

109Ag 1634 44.9 111 0 

 
IV. Test Setup 

The test circuit and block diagram, as shown in Figures 2 and 3, for the power MOSFET contains a 
Keithley 2635A source meter to provide the gate voltage (set to 0 V during irradiation) while measuring 
the gate current. A filter is placed at the gate node of each device under test (DUT) to dampen noise at the 
gate. A Keithley 2657A source meter provides the appropriate VDS while measuring the drain current; a 
500 Ω resistor is optionally switched into series with the Keithley 2657A to protect it from sudden high-
current transients; it is switched out during device characterization tests. A Keithley 2657A-PM-200 diode-
based protection unit prevents damage to the 2635A in the event of DUT failure shorting the supplies 
together. Gate current is limited to 1 mA, drain current limited to 100 mA, and both are recorded via ethernet 
to a desktop computer at approximately 175 ms intervals. All equipment is plugged into a power 
conditioner. 

Six DUTs can be mounted on the test board via daughter cards and individually accessed via dry Reed 
relays controlled by an Agilent DAQ 34907A data acquisition/switch unit. All terminals of the devices not 
under test are then floating. Testing was conducted in air with the DUT centered within the beam diameter 
3 cm from the window. Ion exposures were conducted at 0º tilt angle (normal incidence to the DUT).  

The test setup is controlled via a custom LabVIEW program written by Alyson Topper and Hak Kim, 
Science Systems and Applications, Inc. The program controls the source measuring units (SMUs), gate 
current limit, and gate and drain current sampling and recording. It is designed to send LUA scripts to the 
Keithleys to perform a parametric analysis of each DUT prior to irradiation and following each beam run, 
recording if selected: gate threshold voltage (Vth), ID as a function of VGS at various fixed VDS values for 
evaluation of total ionizing dose effects, drain-source breakdown voltage (BVDSS), zero gate voltage drain 
current (IDSS), and IG and ID as a function of VGS (post-irradiation gate stress (PIGS) test to test the integrity 
of the gate dielectric).  

 

 
 

Figure 1.  Equivalent test circuit for the IRF5NJ9540 p-channel power MOSFET  
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Figure 2.  Block diagram of test setup.  

 
V. Test Results 

Following each run, the zero gate voltage drain current (IDSS) was measured to test the integrity of the 
drain-source connection, and a gate stress test was performed in which the gate and drain currents were 
measured while at a fixed 0 VDS, the gate voltage was swept from 0 V to 20 V, then from 0 V to -20 V, in 
2 V increments. The +/- 20-V levels were held for 1 s to stress the gate per MIL-STD_750-1 TM1080.1 
Condition B. Note that the gate stress test, per TM1080.1, is not performed when the gate is biased ≥ 50% 
of rated voltage. Failure was defined as the gate current exceeding the manufacturer gate-source leakage 
current (IGSS) specification of -25 µA during the beam run or during the post-irradiation gate stress (PIGS) 
test, and/or a sudden, sustained increase in the drain current during the beam run indicative of single event 
burnout (SEB).  

Given the limited beamtime available the device from LDC-0551 was used as a canary in coarse steps 
of 25V.  All flight lot devices (LDC-1715) passed above 133% of the application voltage.  Failure of all 
devices was observed after irradiation at VDS=50V with VGS=0V.   

 

HV Si Test Board v3.0

Protec�on 
Module

PC with LabVIEW

+5V Power Supply

Agilent 34907A 
DAQ/Switching 

Unit

Keithley 2635A 
SMU

Keithley 2657A 
SMU

Gate

Source

Drain

Ethernet

GPIB

40-pin ribbon cable

BNC to BNC

Triax to SHV

Triax to Triax

SHV toSHV TSP Link
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Appendix A 
 

Table A1.  Manufacturer-Specified Electrical Parameters (Partial List) 

Parameter Condition MIN MAX Units 
Gate Threshold Voltage (VGSth) VDS = VGS, ID = -250µA -2 -4 V 

Zero Gate Voltage Drain Current (IDSS) VDS = -80 V, VGS = 0 V  -25 µA 
Drain-Source Breakdown Voltage (BVDSS) VGS = 0 V, ID = -250µA -100  V 

Gate-Source Leakage Current (IGSS) VGS = +/- 20 V, VDS = 0 V  +/-100 nA 
Static Drain-Source Resistance (RDS_on) VGS = -10 V, ID = -11 A       0.117 Ω 

Forward Voltage (VSD) IS = -18 A, VGS = 0V  -1.6 V 
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Appendix B 
 

Table B1.  Raw test data from 7 September 2022 
(Tests in air; ion characteristics per TAMU Beam List) 

 
 
 

 
 
Test Facility: TAMU In Air flux:  1.00E+04
Test Date:  fluence:  1.00E+06
Device: IRF5NJ9540 exp time (min:sec) 1:40
Device ID:  REAG 22-016  
Test Personnel:  Jason Osheroff

RUN INFO DUT SETUP BEAM DIAGNOSTICS: For Si PRE-RUN CURRENTIRRADIATION RESULT

Run DUT

Socket

VGS [V] VDS [V] Ion

Energy 
[M

eV/u]

Energy 
[M

eV]

Angle

LET   
[MeV-

cm2/mg]

Flux   
[/(cm2-s)]

Fluence  
[/cm2]

Cum 
Fluence  
[/cm2]

Dose 
[rad(Si)]

Cum. Dose 
(rad(Si)) Pre ID Pre IG

SEE 
O

bserve
d on Run

1 551 1 0 25 Ag 15 1634 0 44.90 1.00E+04 1.00E+06 1.00E+06 718 7.184E+02 12n 100f only charge collection
2 551 1 0 50 Ag 15 1634 0 44.90 1.00E+04 1.00E+06 2.00E+06 718 1.437E+03 13n 100f ~20n leakage event
3 551 1 0 75 Ag 15 1634 0 44.90 1.00E+04 1.00E+06 3.00E+06 718 2.155E+03 884u 884u stoped before run

4 1 2 0 30 Ag 15 1634 0 44.90 1.00E+04 1.00E+06 1.00E+06 718 7.184E+02 10n 6p only charge collection
5 1 2 0 40 Ag 15 1634 0 44.90 1.00E+04 1.00E+06 2.00E+06 718 1.437E+03 10n 7p only charge collection
6 1 2 0 50 Ag 15 1634 0 44.90 1.00E+04 1.00E+06 3.00E+06 718 2.155E+03 11n 12p ~40n leakage event
7 1 2 0 50 Ag 15 1634 0 44.90 1.00E+04 0.00E+00 3.00E+06 0 2.155E+03 1m 1m stoped before run

8 8 3 0 30 Ag 15 1634 0 44.90 1.00E+04 1.00E+06 1.00E+06 718 7.184E+02 10n 100f only charge collection
9 8 3 0 40 Ag 15 1634 0 44.90 1.00E+04 1.00E+06 2.00E+06 718 1.437E+03 10n 100f only charge collection
10 8 3 0 45 Ag 15 1634 0 44.90 1.00E+04 1.00E+06 3.00E+06 718 2.155E+03 10n 100f only charge collection
11 8 3 0 50 Ag 15 1634 0 44.90 1.00E+04 1.00E+06 4.00E+06 718 2.874E+03 11n 200f ~100n leakage event

12 9 4 0 30 Ag 15 1634 0 44.90 1.00E+04 1.00E+06 1.00E+06 718 7.184E+02 11n 2p only charge collection
13 9 4 0 40 Ag 15 1634 0 44.90 1.00E+04 1.00E+06 2.00E+06 718 1.437E+03 11n 5p only charge collection
14 9 4 0 45 Ag 15 1634 0 44.90 1.00E+04 1.00E+06 3.00E+06 718 2.155E+03 11n 6p only charge collection
15 9 4 0 50 Ag 15 1634 0 44.90 1.00E+04 1.00E+06 4.00E+06 718 2.874E+03 12n 5p 2 events
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Appendix C 
Table C1.  Selected Pre- and Post-Irradiation Gate Stress Test Results 

 

 
 
 
 
 
 

Run #: 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
DUT S/N: 551 551 551 1 1 1 1 8 8 8 8 9 9 9 9

Run Vds (V): 25 50 75 30 40 50 50 30 40 45 50 30 40 45 50
Run Vgs (V): 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Ion species: Ag Ag Ag Ag Ag Ag Ag Ag Ag Ag Ag Ag Ag Ag Ag

Vgs (V) Ig (A)
0 3.48E-11 4.80E-11 4.54E-11 4.57E-11 4.99E-11 5.46E-11 5.18E-11 5.21E-11 5.65E-11 4.47E-11 4.54E-11 4.87E-11
2 -7.41E-11 -5.20E-10 -7.29E-11 -7.05E-11 -7.23E-09 -7.33E-11 -7.75E-11 -7.55E-11 -1.52E-08 -7.60E-11 -7.99E-11 -7.57E-11
4 -3.40E-11 -6.87E-09 -3.25E-11 -3.45E-11 -7.32E-08 -3.41E-11 -3.54E-11 -3.44E-11 -1.17E-07 -3.17E-11 -3.32E-11 -3.19E-11
6 -4.46E-11 -4.01E-08 -4.54E-11 -4.67E-11 -2.63E-07 -4.64E-11 -4.68E-11 -4.72E-11 -3.56E-07 -4.48E-11 -4.46E-11 -4.45E-11
8 -1.54E-10 -1.39E-07 -1.51E-10 -1.54E-10 -6.53E-07 -1.59E-10 -1.60E-10 -1.59E-10 -8.06E-07 -1.50E-10 -1.52E-10 -1.49E-10

10 -1.82E-10 -3.81E-07 -1.79E-10 -1.80E-10 -1.51E-06 -1.88E-10 -1.89E-10 -1.87E-10 -1.59E-06 -1.77E-10 -1.79E-10 -1.75E-10
12 -2.01E-10 -9.49E-07 -1.98E-10 -2.00E-10 -3.09E-06 -2.09E-10 -2.07E-10 -2.08E-10 -3.28E-06 -1.98E-10 -2.00E-10 -1.96E-10
14 -2.20E-10 -2.09E-06 -2.18E-10 -2.25E-10 -6.28E-06 -2.33E-10 -2.30E-10 -2.30E-10 -6.37E-06 -2.30E-10 -2.27E-10 -2.22E-10
16 -2.58E-10 -4.29E-06 -2.54E-10 -2.63E-10 -1.08E-05 -2.77E-10 -2.73E-10 -2.70E-10 -1.22E-05 -2.96E-10 -2.77E-10 -2.66E-10
18 -2.79E-10 -7.95E-06 -2.72E-10 -2.83E-10 -4.72E-03 -3.03E-10 -2.96E-10 -2.93E-10 -4.93E-03 -3.28E-10 -3.10E-10 -2.91E-10
20 -2.94E-10 -3.44E-03 -2.89E-10 -2.99E-10 -5.77E-03 -3.25E-10 -3.18E-10 -3.14E-10 -5.20E-03 -3.55E-10 -3.38E-10 -3.21E-10
0 2.60E-10 3.38E-08 2.42E-10 2.47E-10 2.58E-08 3.00E-10 2.84E-10 2.86E-10 5.50E-08 2.48E-10 2.52E-10 2.47E-10
2 1.72E-10 8.61E-05 1.61E-10 1.66E-10 1.08E-04 1.93E-10 1.85E-10 1.86E-10 1.19E-04 1.74E-10 1.78E-10 1.74E-10
4 1.47E-10 4.69E-04 1.40E-10 1.43E-10 6.91E-04 1.80E-10 1.55E-10 1.76E-10 8.16E-04 1.52E-10 1.52E-10 1.49E-10
6 1.71E-10 3.67E-03 1.57E-10 1.61E-10 3.89E-03 1.79E-10 1.71E-10 1.76E-10 4.45E-03 1.74E-10 1.69E-10 1.67E-10
8 1.87E-10 5.77E-03 1.75E-10 1.71E-10 6.54E-03 1.89E-10 1.82E-10 1.83E-10 7.23E-03 1.91E-10 1.81E-10 1.75E-10

10 2.04E-10 8.34E-03 1.91E-10 1.86E-10 9.61E-03 2.03E-10 1.94E-10 1.94E-10 1.02E-02 2.08E-10 1.91E-10 1.86E-10
12 2.21E-10 1.17E-02 2.10E-10 1.99E-10 1.32E-02 2.20E-10 2.07E-10 2.08E-10 1.35E-02 2.29E-10 2.03E-10 1.96E-10
14 2.39E-10 1.51E-02 2.26E-10 2.12E-10 1.72E-02 2.36E-10 2.22E-10 2.20E-10 1.72E-02 2.52E-10 2.16E-10 2.07E-10
16 2.41E-10 1.84E-02 2.44E-10 2.26E-10 2.15E-02 2.21E-10 2.36E-10 2.33E-10 2.12E-02 2.71E-10 2.30E-10 2.18E-10
18 2.68E-10 2.18E-02 2.51E-10 2.32E-10 2.54E-02 2.23E-10 2.40E-10 2.36E-10 2.48E-02 2.79E-10 2.38E-10 1.74E-10
20 2.79E-10 2.51E-02 2.73E-10 2.58E-10 2.94E-02 2.76E-10 2.65E-10 2.60E-10 2.92E-02 3.07E-10 2.71E-10 2.43E-10

Idss (uA): -2.09E-08 -2.65E-07 -1.87E-08 -1.91E-08 -9.23E-07 -1.69E-08 -1.80E-08 -1.98E-08 -7.49E-07 -1.89E-08 -2.07E-08 -2.22E-08

Co
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Appendix D 
 

 
Figure D1.  Strip tape data from DUT 0551, run 1: 1634 MeV Ag.  Run bias conditions: 0 VGS, -25 VDS.  Total 

Fluence of 1x106 at a flux of about 1x104 for 100s. Left: charge collection can be seen in drain current trace. Right: 
board capacitive current present pre-beam (time < 0 s) and into the beam run. As with drain current, gate current 

reflects charge collection as evidenced by current reduction after beam off.  

 
Figure D2.  Strip tape data from DUT 0551, run 2: 1634 MeV Ag.  Run bias conditions: 0 VGS, -50 VDS.  Total 

Fluence of 1x106 at a flux of about 1x104 for 100s. Left: charge collection can be seen in drain current trace between 
0 and ~15s. A large current increase around 15s of irradiation time is indicative of device damage. Right: Isolation 

of gate current shows single event around 15s of exposure resulting in tens of nanoamps of leakage current.  Device 
completely failed in post irradiation stress tests. 

 
Figure D3.  Strip tape data from DUT 0001, run 5: 1634 MeV Ag.  Run bias conditions: 0 VGS, -40 VDS.  Total 

Fluence of 1x106 at a flux of about 1x104 for 100s.  



 

8 
 

 
Figure D4.  Strip tape data from DUT 0001, run 6: 1634 MeV Ag.  Run bias conditions: 0 VGS, -50 VDS.  Total 

Fluence of 1x106 at a flux of about 1x104 for 100s.  

  
Figure D5.  Strip tape data from DUT 0008, run 10: 1634 MeV Ag.  Run bias conditions: 0 VGS, -45 VDS.  Total 

Fluence of 1x106 at a flux of about 1x104 for 100s.  

 
Figure D6.  Strip tape data from DUT 0008, run 11: 1634 MeV Ag.  Run bias conditions: 0 VGS, -50 VDS.  Total 

Fluence of 1x106 at a flux of about 1x104 for 100s.  
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