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Abstract
Total ionizing dose, displacement damage dose, and single event effects testing 

were performed to characterize and determine the suitability of candidate 
electronics for NASA space utilization. Devices tested include FETs, flash memory, 

FPGAs, optoelectronics, digital, analog, and bipolar devices.



Summary of Radiation Test Results 1
Total ionizing dose, displacement damage dose, and single event effects testing were performed to characterize and determine the suitability of candidate electronics for NASA space

utilization. This table contains test results from February 2019 through February 2020. Please note that these test results can depend on operational conditions.
For test techniques and setup including details on test facilities please request a preprint of the paper or view the final paper on IEEE Explore [1].



Summary of Radiation Test Results (Cont.)
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Test Results and Discussion 3
As in our past workshop compendia of GSFC test results, each device under test has a detailed test report available online at http://radhome.gsfc.nasa.gov [23]

and at http://nepp.nasa.gov [24] describing in further detail the test method, conditions and monitored parameters, and test results. This section contains a
summary of testing performed on a selection of featured parts.

A. SGF15E100, SSDI, GaN HEMT
Solid State Devices, Inc’s 3rd generation GaN HEMT is

rated up to 15 A and 1000 V, and maximum RDS_ON of 190
mW. This commercial device combines a normally-on GaN
HEMT with a low-voltage Si MOSFET to enable normally-off
behavior (Fig. 1 (a)). Parts were specially procured from SSDI
delidded without conformal coating. A controlled, 1-mil
parylene-C coating was applied prior to testing to prevent
arcing at high voltages. Heavy-ion tests were performed in-
air at Texas A&M University’s Cyclotron Institute using the 15
MeV/u tune. The test board consisted of socketed daughter
cards plugged into a mother test board that enabled
communication with individual devices. The MIL-STD750
TM1080 test circuit was used; to reduce parasitic inductance
and capacitance, the stiffening capacitor and gate filter were
placed at the daughter card socket leads (Fig. 1 (b)).

Ten devices were tested at 0 VGS and found to be
susceptible to both heavy-ion induced degradation of
drain-source leakage current and catastrophic SEB. At
normal incidence, the last pass/first fail VDS for SEB was
300 V/350 V with Ag at surface-incident LET(Si) of 42
MeV-cm2/mg. Fig. 2 (a) plots the VDS at which no SEB
occurred and at which samples catastrophically failed,
as a function of LET(Si). Additional tests with Cu (20
MeV-cm2/mg in Si) were performed at 45° tilt and
either 0° or 90° rotation (perpendicular or parallel to
the HEMT electron 2-dimensional channel). Samples did
not catastrophically fail at 500 VDS with the ion beam
aligned perpendicular to the channel, but failed (SEB) at
500 VDS when aligned parallel to the channel; at normal
incidence, samples also burned out at 500 VDS. Finally,
Fig. 2 (b) shows the drain current degradation and SEB
as a function of elapsed time during irradiation at
normal incidence with Cu ions at 400 VDS. Current was
limited to 21 mA by the source-measure unit.

Fig. 1 (a): Four (4) SGF15E100 devices mounted for heavy ion testing at TAMU. (b): A photograph
of a delidded, parylene-C coated device showing GaN HEMT on left and Si MOSFET on right.

Fig. 2. (a): SGF15E100 drain-source voltage at which SEB did not occur (open symbols) and at which SEB
occurred (solid symbols) with normal-incidence ions, as a function of surface LET(Si). Overlapping
symbols’ LETs are offset slightly for visibility. (b): Degradation of drain-source current and eventual SEB
during irradiation with Cu (LET(Si) = 20 MeV-cm2/mg) at 400 VDS and average flux = 628 cm-2s-1 (supply
current limit = 21 mA).

(b)(a)

(b)(a)
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B. RH-OBC-1, Vorago, Single Board Computer

The Vorago Technologies RH-OBC-1 is a CubeSat Kit Bus compatible single board computer with a Vorago VA10820 ARM Cortex-M0 microcontroller at its core.
The board also includes a set of common peripherals, like voltage regulators, non-volatile memories, an analog-to-digital converter, a watchdog, and a CAN bus
controller. Fig. 3 shows a picture of the RH-OBC-1 board with each component labeled.

High-energy proton (200 MeV) testing was conducted at the Massachusetts General Hospital’s
Francis Burr Proton Therapy Center at both board and component levels to investigate single-event
effects. Several of the individual components also have piece-part radiation data available from various
sources, and one of the primary objectives of this test was to evaluate the performance of the board
overall and identify any issues that arise from board-level testing. Limited total ionizing dose data was
also obtained as a byproduct of this proton test.

Four of the on-board components were individually irradiated by using a 2.8 cm collimator on the
beam line. These tests exposed the processor (MCU), CAN transceiver, user FRAM, and boot FRAM
individually while monitoring the overall system response. The remaining components were only
tested at board-level and showed no errors. For some runs, the voltages generated by the on-board
voltage regulators were adjusted to explore their effect on system response to SEE.

The RH-OBC-1 board did not suffer any destructive effects under 200 MeV proton exposure. The
entire board was subject to at least 3x1011 protons/cm2 from the board-level irradiations alone, which
also contributed approximately 12.2 krad(Si) of total dose without noticeable degradation. Single-bit
errors were detected in the MCU core as expected, but were automatically handled by the device’s
EDAC system. No multi-bit errors were detected. One unknown reset was created inside the MCU core,
and is believed to be the only MCU fault during this test. It appears to be an internal fault and did not
cause a Power-On Reset (POR) to be commanded by the ISL706 watchdog/supervisor IC.

The peripherals on board had mixed results. The rad-hard Cobham ADC performed flawlessly as expected, as did rad-hard regulators and supervisor/watchdog
device. The commercial CAN transceiver functioned without error. However, the two Cypress FRAM memories were both susceptible to functional interrupts (SEFI),
and the board as tested lacked any means to gate power to these devices to automatically recover. Most critically, without means to cycle power to the Boot FRAM,
any subsequent condition causing a commanded or uncommanded MCU reset could leave the MCU unable to reload its own boot code until an external board-level
power cycle is commanded. It is possible that such a combination of faults and its consequence (requiring external intervention) would not have been detected by
piece-part testing alone. Vorago now provides a mitigation strategy which includes in part powering down the Boot FRAM when not in use to avoid an unknown
SEFI state at system boot [7].

Fig. 3. RH-OBC-1 components.

C. MPF300T-FCG1152 PolarFire®, Microsemi, FPGA
The PolarFire® FPGA is fabricated with 28 nm technology. Its configuration is built using SONOS flash memory. MPF300-EVAL-KIT PolarFire® Evaluation boards

were provided by Microsemi for NEPP SEE testing. The first-look DUT was thinned using mechanical etching via an Ultra Tec ASAP-1 device preparation system. The
part was successfully thinned to 100 um–120um.

NEPP created a new test system motherboard using the Xilinx KCU105 Evaluation board for this test. The central component of the motherboard is the Kintex-
UltraScale (XCKU040-2FFVA1156E) FPGA. The motherboard also includes two FPGA Mezzanine Card (FMC) high-speed connectors. It was the primary interface
between the motherboard and the target DUT-daughterboard. Because the motherboard FPGA is reprogrammable, it is possible to customize control/monitors
(test system designs) and download them to the motherboard FPGA per experiment type. This enables specialized control and monitoring of hundreds of DUT I/O at
speeds of MHz-GHz. Subsequently, the NEPP test harness is significantly more powerful than a processor or microcontroller. The motherboard contains mapped
designs that are responsible for controlling and monitoring DUT activity, receiving commands from a host computer, processing data, and packetizing/reporting
DUT behavior to a host computer and logic analyzer. The test designs (firmware) were mapped into the daughter board DUT for SEE evaluation.
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C. MPF300T-FCG1152 PolarFire®, Microsemi, FPGA (Cont.)

Heavy-ion testing was performed at Lawrence Berkeley National Laboratories 88inch Cyclotron (LBNL). The vacuum chamber setup is shown in Fig.4. Because
this test campaign was a first-look at the PolarFire FPGA device, only basic mechanisms were investigated. Accordingly, DUT test structures were shift-registers,
counters, and embedded RAM (LSRAM). Due to repercussions from the wild fires, beam time was limited. Consequently, only N, O, and Ne (at 16 MeV) were able to
be used for the first-look experiments.

Fig. 4. Motherboard (KCU105) and
daughterboard (PolarFire®) connection
at the Lawrence Berkeley National
Laboratory (LBNL) SEE vacuum chamber.

One significant anomaly (SEFI) was observed during heavy-ion testing. The core-current dropped below 100 mA
when normal operational current was marked at approximately 2.75 A. This event was always recoverable. The
current drop lasted for approximately 1.7 ms except for one instance, when it lasted for 177 s. All SEFI current drops
were significant enough to stop operation and require a reset. No configuration was lost. The current drop occurred
for every test at every LET during this first-look study. Microsemi is aware of the anomaly and suggests that it is due to
a mode setting in the PolarFire device. This will be investigated and tested in the next PolarFire campaign.

Fig. 5 and Fig. 6 show the SEU cross-sections per DFF bit and per burst accordingly. Regarding Fig. 5, DFF upsets
were single bit SEUs that were flushed out by the following shift register cycle DFF write; i.e., no SEUs lasted for more
than one clock cycle and no data-paths were broken unless a SEFI (current-drop) occurred. Fig. 6 illustrates SEFI cross-
sections for the LET tested. The SEFIs were not design-dependent. SEFI LET threshold has not been found and is
expected to be investigated in an upcoming test campaign (including the impact of FPGA internal mode settings).

It is interesting to note that the counter array SEU cross sections per DFF are statistically equal to the WSR SEU cross-sections (both operating at the same
frequency). This should be noted because the WSR does not have any combinatorial logic. This suggests that the DFF nodes will be the dominant mechanisms of
failures. Additional testing is required.

All LSRAM SEUs were single bit with exception to SEFIs. This suggests that they will be correctable when implementing error correction (SECDED). SEFIs were
due to the current drops; and have been verified by duration of SEFI responses during beam exposure. In all SEFI cases, LSRAM cells could be restored by an
overwrite. However, SECDED would not be able to be applied (SEFIs are not single bit errors).

Fig. 5. Shift Register SEU Cross Sections Normalized per
Shift Register Bit versus LET.

Fig. 6. Burst SEU Cross-Sections per Shift Register
versus LET.



Summary
We have presented data from recent TID, DDD, and SEE tests on a variety of

primarily commercial devices. It is the authors' recommendation that this data
be used with caution due to many application- or lot-specific test conditions.
We also highly recommend that lot-specific testing be performed on any
commercial devices, or any devices that are suspected to be sensitive. As in our
past workshop compendia of GSFC test results, each DUT has a detailed test
report available online describing in further detail, test method, test
conditions/parameters, test results, and graphs of data [23][24].
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