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Abstract: We present results and analysis investigating the effects of radiation on a variety of candidate spacecraft electronics to proton and heavy ion induced single event effects (SEE),
proton-induced displacement damage (DD), and total ionizing dose (TID). This paper is a summary of test results.
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Introduction

NASA spacecraft are subjected to a harsh
space environment that includes exposure to
radiation.
performance of electronic devices in a space
radiation environment
susceptibility to single event effects (SEE), total
ijonizing dose (TID), and displacement damage
(DD). Ground-based testing is used to evaluate
candidate spacecraft electronics to determine risk
to spaceflight applications. Interpreting the results
of radiation testing of complex devices is quite
difficult. Given the rapidly changing nature of
technology, radiation test data are most often
application-specific and adequate understanding

various of

types

ionizing

IS often

of the test conditions is critical [1].

Studies discussed herein were undertaken to
establish the application-specific sensitivities of

limited by its

The

All tests were performed between February 2013 and
February 2014. Heavy ion experiments were conducted at the

Table I: LBNL Test Heavy lons

listed were obtained by changing the angle of incidence of the ion
beam with respect to the DUT, thus changing the path length of the
ion through the DUT and the "effective LET" of the ion [4]. Energies

Table II: TAMU Test Heavy lons

and LETs available varied slightly from one test date to another.
Laser SEE tests were performed at the pulsed laser facility at
the Naval Research Laboratory (NRL) using two-photon absorption

Surface

[5], [6] with the light incident from the back side of the wafer
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following polishing to produce a mirror-like finish. The laser light
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parameters are listed in Table IlI.
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170
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candidate spacecraft and emerging electronic
devices to single-event upset (SEU), single-event

Proton SEE, DD and TID tests were performed at the

University of California at Davis (UCD) Crocker Nuclear Laboratory

1634

38.5

156

Test Technigues and Setup

Test Method
Unless otherwise noted:

Dynamic — the DUT was exercised continually while being exposed to the beam. The events
and/or bit errors were counted, generally by comparing the DUT output to an unirradiated
reference device or other expected output (Golden chip or virtual Golden chip methods) [10]. In
some cases, the effects of clock speed or device operating modes were investigated. Results of

Biased — the DUT was biased and clocked while power consumption was monitored for SEL or

SEE Testing - Heavy lon (Cont.):
In SEE experiments, DUTs were monitored for soft errors, such

Lawrence Berkeley National Laboratory (LBNL) [2] and at the cneray LSEuTrfif;llcgi cange i * All tests were performed at room temperature and with nominal power supply .o SEUSs, and for hard errors, such as SEGR. Detailed descriptions of
Texas A&I\/I UnlverS|_ty_ Cyclotro_n (TAMU) [3]. Both of these faC|I|t!es lon MeV) | (Meveemaimg) | Si (um) voIta_ggs. We recognize that temp_erature' _effe_cts and worst-case power supply the types of errors observed are noted in the individual test reports
are suitable for providing a variety of ions over a range of energies - (Normal Incidence) conditions are recommended for device qualification; [11], [12]
3 ; 3 ; : ©) 183 2.2 226 ! :
for testing. The devices under test (DUTs) were irradiated with NG i 35 75 « SEE testing was performed in accordance with JESD57 test procedures [8]; and S e o e R A o
heavy ions having linear energy transfers (LETs) ranging from 0.6 40AT 400 9.7 130 - f di 2 il hod 'Festmg was periormed Using high-speed  0Scllloscopes
to 120 MeVecm?mg. Fluxes ranged from 1x102 to 1x105 Zy 508 14.6 113 * TID testing was performed in accordance with MIL-STD-883, Test Method 1019 [9]. controlled via LabVIEW®. Individual criteria for SETs are specific to
65 . . g . . . . ..
particles/cm?/s, depending on device sensitivity. Table 1 shows 84ch ggg g(l)é ﬂg SEE Testing - Heavy lon: - the device and application being tested. Please see the individual test
representative ions used at LBNL and Table 2 contains 7Ag 1039 48.2 90 Depending on the DUT and the test objectives, one or more of three SEE test methods reports for details [11], [12].
representative ions used at TAMU. LETs in addition to the values 124Xe 1233 58.8 90  were typically used: ' Heavy ion SEE sensitivity experiments include measurement of
LBNL 10 MeV per amu tune the linear energy transfer threshold (LET,) and cross section at the

maximum measured LET. The LET,, is defined as the maximum LET
value at which no effect was observed at an effective fluence of 1x107
particles/cm?. In the case where events are observed at the smallest

on | Tmey | eerinst | g | such tests should be applied with caution due to the application-specific nature of the results. LET tested, LETy, will either be reported as less than the lowest

el ) > _ _ _ S _ measured LET or determined approximately as the LET,, parameter
I 510 13 s Static — the DUT was configured prior to irradiation; data were retrieved and errors were from a Weibull fit. In the case of SEGR experiments, measurements
“Ne 300 2.5 316l counted after irradiation.

are made of the SEGR threshold V  (drain-to-source voltage) as a
function of LET and ion energy at a fixed V (gate-to-source voltage).

SEE Testing - Pulsed Laser

DUTs are mounted on an X-Y-Z stage that can move in steps of
0.1 microns for accurate determination of the volumes sensitive to
single event effects. The light is incident from the back side, which is
polished to a mirror-like finish, and is focused through the substrate
using a 100x lens that produces a spot diameter of approximately 1.3
um at full-width half-maximum (FWHM). An illuminator, together with
an infrared camera and monitor, were used to image the area of
interest thereby facilitating accurate positioning of the device in the
beam. The pulse energy was varied in a continuous manner using a
polarizer/half-waveplate combination and the energy was monitored
by splitting off a portion of the beam and directing it at a calibrated
energy meter.

TID Testing - %°Co

The test procedures, including the radiation dosimetry details,
are most often performed in accordance with the latest version of MIL-
STD-883 Test Method 1019 [9]. Unless otherwise noted, the
irradiation was performed using a room in-air 89Co facility where the
sources are raised up out of the floor during exposures. Active
dosimetry was performed using air ionization probes. The DUTs were

other destructive effects. In most SEL tests, functionality was also monitored. SEE Testing - Proton

129% @

1934

47.3 156

197Au

2954

80.2 155 Proton SEE tests were performed in a manner similar to heavy

latchup (SEL), single-event gate rupture (SEGR),

(CNL) using a 76" cyclotron (maximum energy of 63 MeV) [7].

TAMU 15 MeV per amu tune

placed inside a standard Pb/Al filter box.

84K

2081

19.8

332

Pulse width and beam spot size are listed in Table IV.

139Xe

3197

38.9

286

single-event burnout (SEB), single-event transient
(SET), TID, enhanced low dose rate sensitivity
(ELDRS), and DD effects.

TID testing was performed using a °Co source. The source

Is capable of delivering dose rates between 0.0005 rad(Si)/sec and

Table Ill: Laser Test Facility

Naval Research Laboratory (NRL) Pulsed Laser

Table 1V: Proton Test Facility

University of California at Davis (UCD) Crocker

lon exposures. However, because protons cause SEE via indirect
lonization of recoil particles, results are parameterized in terms of

TAMU 25 MeV per amu tune

50 rad(Si)/sec.

SEE Test Facility, Laser: 1260 nm, 140 fs pulse Nuclear Laboratory (CNL), energy tunes ranged

Displacement Damage - Proton Testing
Proton-induced displacement damage tests were performed on
biased devices. Functionality and parametric changes were measured

proton energy rather than LET. Because such proton-induced nuclear

width, beam spot size ~1.3 um and repetition rate interactions are rare, proton tests also feature higher cumulative

of 1 KHz.

from 6.5 to 63 MeV, flux ranged from 8x107 to
1x10° particles/cm?/s.

either continually during irradiation (in-situ) or after step irradiations
(for example: every 10 krad(Si), or every 1x101° protons/cm?).

fluences and particle flux rates than heavy ion experiments.

List of Principal Investigators

Principal Investigator (PlI)  Abbreviation

LET = linear energy transfer (MeVecm2/mg)
LET,, = linear energy transfer threshold (the
maximum LET value at which no effect

List of Acronyms

L = laser test

LBNL = Lawrence Berkeley National

Laboratory
LDC = lot date code

SiGe = silicon germanium

SJ VDMOS = super junction vertical

double diffused MOSFET
SOl = silicon on insulator

Test Results and Discussion

Summary of TID and DD Test Results

Melanie D. Berg MB was observed at an effective fluence of
1x107 particles/cm?2 — in MeVecm?2/mg)

Megan C. Casey MCC < = SEE observed at lowest tested LET

Michael J. Campola MJC > = no SEE observed at highest tested LET

. G = cross section (cm?2/device, unless specified

Dakai Chen DC as cm2/bit)

Robert A. Gigliuto RG Omaxm = CrOSS section at maximum measured
LET (cm?/device, unless specified as

Raymond L. Ladbury RL cm2/bit)

Jean-Marie Lauenstein JML Sl = LIS s il

. Ag = Argon
Jonathan A. Pellish JP BiCMOS = bipolar complementary metal oxide

semiconductor
CCD = charge coupled device
CMOS = complementary metal oxide
semiconductor
DIMM = duel inline memory module
DUT = device under test
EF = enhancement factor
ELDRS = enhanced low dose rate sensitivity
FF = functional failure
H = heavy ion test
hee = forward current gain
ID# = identification number
l,ut = output current

LDMOS = laterally diffused metal oxide
semiconductor

LDR = low dose rate

LVPECL = Low-voltage positive emitter-
coupled logic

MOSFET = metal-oxide-semiconductor field-

effect transistor

NA = not available

NAND = Negated AND or NOT AND

NRL = Naval Research Laboratory

Pl = principal investigator

REAG = radiation effects and analysis group

ReRAM = Reduction-oxidation random
access memory

Rev. - revision

RX = receiver output

SEB = single event burnout

SEE = single event effect

SEGR = single event gate rupture

SEL = single event latchup

SET = single event transient

SEU = single event upset

Si = Silicon

SiC = silicon carbide

Ta = Tantalum

TAMU = Texas A&M University
Cyclotron Facility

TO = transistor outline

TX = transceiver output

V = volt

Vge = base-emitter voltage

V.. = power supply voltage / core
voltage

Ve = collector-emitter voltage

Vey = common mode voltage

Vpg = drain-source voltage

Vs = gate-source voltage

V4 = input high voltage

V,_ = input low voltage

V4 min = input low minimum voltage

V| max = iNput low maximum voltage

V,, = input voltage

Vo = input/output voltage

Vs = input offset voltage

Vour = output voltage

V = reverse voltage

Xe = Xenon

Summary of SEE Test Results

Unless otherwise noted all LETs are in MeVecm?/mg and all cross sections are in cm?/device. All SEL tests are performed to a fluence of 1x107°
particles/cm? unless otherwise noted.

As in our past workshop compendia of NASA Goddard Space Flight Center (GSFC) test results, each Dose rate
. . g (&) c .
DUT has a detailed test report available online at http://radhome.gsfc.nasa.gov [11]. o | (mrad(Si)/| Degradation
LDC or Device Tech- na S) or Level (krad(Si))
AN el M L] Wafer #| Function nology P! REE . >=| Proton or Proton
Aeroflex ACT4468 Transceiver SEE Test Results ;&" Energy Fluence
The ACT4468 is a dual transceiver manufactured by Aeroflex Plainview. We irradiated three devices with (MeV)
15 MeV/amu heavy ions at TAMU. The devices were biased with V. = 5 V. The input signal was a square Operational Amplifier: _
wave, with V,, of 0.4 V and V,, of 2.7 V, a frequency of 200 kHz, and a duty cycle of 50%. I'”F’Ut bias C“t”ef”t and open
Fig. 1 shows SET cross sections as a function of effective LET for the different trigger conditions. Here, el S;&g;nZoouaﬂdsgoeirad(so
TX is the transceiver output and RX is the receiver output. We applied a pulse width trigger of 200 ns at the 0 AD648 Analog Devices | 1225 | =y idr | BiPOlar | MCC | b experienced N 10 20<lig, Ayo<30
V threshold. The error bars indicate the Poisson error at 95% confidence level. The error bars are not visible functional failure between
in cases where the data points are graphically larger than the error. 70 and 80 krad(Si). [37]
The receiver (RX) configuration was most susceptible to SETs, with an 2.8 < LET,, < 4.0 MeVscm?/mg, Q"eﬁriigie;ﬁ?uw';g'go
for an oscilloscope trigger set at 1 V. The SETs are typically high to low or low to high signal distortions that OP471 Analog Devices| 0646A Operational Bipolar | RL kfad(Si). equipnfent tailure |y 0.01 >50 (Vos data
affect half a clock cycle as shown in Fig. 2. Here, the oscilloscope is triggering on the transceiver output. Refer Ampliiiet led to VOS measurements rad(Si)/s Invalia)
to the test report for additional details [13]. being unusable [38]
All parameters remained
1 20 . . . . . within specifications up to
10" —r— S — S ' - and including 15 krad(Si).
£ ACT4468 Irradiated with 15 MeV/amu heavy ions : | ACT4468 irradiated with 15 MeV/amu heavy ions
2f V., =5V,V_ =27V,V_ =04V, Freq =200 kHz d 15 o™ PN Vg™ 200N Mo ™ TN, OO 2OR RRIZ i : Operational : IOVl 0.01
& 107 F operating in ransmitting mode 3 . Xe at 45°, LT = 75.8 MeV-cmimg X outout OP484 Analog Devices | 1039 Amplifier | BiPolar | RL | specification between 15 Yo adesivs 15<V,5<20
E (TX: Transceiver Output, RX: Receiver Output) ] > - Triggering on transceiver (TX) output RX outp ut and 20 krad(S). A” oth_er .
2 157k 3 i 10k e | parameters remained within
c : ] % specification to 40 krad(Si).
= 10°F ] g M) [39]
O ; : o) . il _
O ; 3 . Operational : Input offset current out of
N 10-5 : oo T 2 | OP497 Analog Devices| 1118A Amplifier Bipolar | MJC spec >5 krad(Si). [40] Y 10 4.5<V <7
B of = TX(V) ; a 0 Transistor:
© 10 f = TX(0V) 2 = i
O 1 A TX(8V) : S | SFT2369 Solid State |47 | Transistor | Bipolar | Dc | &N degradation. Nobias | 10 >50
— 10-7 i A TX(-8V) ] -9 & Devices, Inc. P dependence. [41]
) e RX(1V) : | :
LL i . Gain exceeded
n 10— -10 . . : : : . SFT2907A Dsec\)/lilgeitalunec 1047 Transistor | Bipolar | DC | specifications. No bias N 10 20<h <40
0 10 20 30 40 50 60 70 80 90 0 V. 4 6 8 10 T dependence. [42]
: 2 Time (us) Solid State . . Gain exceeded =~
Effective LET (MeV-cm /mg) H SFT2222A Devices. Inc 1046 Transistor | Bipolar [ DC | specifications. Minimal bias | N 10 30<hge<50
_ T dependence. [43]
Fig. 1. SET cross sections as a function of effective LET for Fig. 2. Examples of a SET. Analog/Linear:
the different trigger conditions. All parameters remained in
SMA1031 M/A-COM 1218 Amplifier Bipolar | MJC | specification to 20 krad(Si). Y 10 >20
: : . [44]
Analog Devices AD648 Operational Amplifier TID Test Results Miscellaneons:
The AD648 is a matched pair of low power, precision monolithic operational amplifiers that offers both ) ) .
low bias current and low quiescent current. Twenty parts (LDC 1225) were irradiated at a rate of 10 mrad(Si)/s On Differential All parameters remained in
_ g 1« - yp _ _ NB7LI4MN | o .~ | 0936 | L4LVPECL| SiGe | MJIC |specification to 20 krad(Si). | Y 10 >20
with gamma rays at GSFC’s Radiation Effects Facility to a final dose of 100 krad(Si). Ten of the samples were Sligelals Slatels Fanout Buffer [45]
irradiated with all pins grounded (unbiased), while the other ten were biased with £15 V on the power supply - oD | N t -
rails, +5 V on the non-inverting inputs, and the inverting input shorted to the output with a 1 kQ resistor to STAR1000 | o WPU= | 1207 conae | CMOs | MIC spe?:%i.::s) rfrarg]ma'”e 1 v | 63Mev 3.75x101
ground. An additional two parts were not irradiated, and served as control parts.
. i : : The part recovered
For all parameters measured, the greatest amount of degradation was observed in the parts irradiated functionality after 10
with all pins grounded. All parameters remained within specification to 20 krad(Si), but the input bias current minutes of annealing.
and open loop gain exceeded their specifications (20 pA and 300 mV/V, respectively) between 20 and 30 Tl R The part was irradiated on .
krad(Si). Fig. 3 shows the input bias current as a function of dose. Likewise, Fig. 4 shows the open loop gain MAX5069 Maxim NA Modulator | BICMOS | DC | an application test circuit, Y | radsiys | 20<FF<25
as a function of dose. which contained several
active components, which
10° 900 g have greater TID tolerance
200 :zpeiificlfion Minimum than the DUT. [47]
B ALEERETIPeN 1 I Av‘f Initial functional failure
= o T < 700 Unbiased Avg 1 NAND occurred between 20 and
= ayEE € -+ + Unbiased 99/90 Upper Limit MT29F32G08AB . 50 krad(Si). All parts failed 50
< 100} ’./_v; > —Seechorton Makmam E 600 Sp;nusr;:sffifa/:feﬂgmi AAAWP Micron 1106 32G Flash Ml:elisof: DC after 100 krad(Si). The N rad(Si)/s 20<FF <50
g el «==Control Avg £ y failures result in an inability
o ].r "‘E“"Z‘?d A(:i & 500 R to perform block erase. [48]
8 7 noiasec AV = Hex Schmitt- "
@ = + + Unbiased 99/90 Upper Limit |4 o 400 Texas : : Parameters within 50
3 10u r/ ;p‘“”ybizs‘lfd 99/90 L?;'Vfr;'ﬁ‘tt p 300 SNJSALVCIAAFK Instruments 11378 I—; r\llg?tirr BICMOS | DC specification. [49] N rad(Si)/s >30
c / en symbpols are anneal data points )
- / o .
. o i No parametric changes
JY 200
¥ N 1 5 1 HMC6416 Mig'ct)t\;\tlzve 0271 Cgﬁtcggt'or siGe | MJC |observed up to 20 krad (Si) | Y 10 > 20
100 B : P [50]
10-12 0 TR e Hybrid All parts functional to 50
0 25 50 75 100 Anneal (] 25 50 75 100 Anneal ADV212 Analog Devices 1216; Video Codec| 0.18 RG krad(Si). _ Y 56. 50
Total lonizing Dose [krad(Si)] Total lonizing Dose [krad(Si)] 1220 UCMOS Leakage current increased rad(Si)/s
> 50 krad(Si). [34]

Fig. 3. The AD648 input bias current exceeds the

Fig. 4. AD648 open loop gain as a function of dose.

specification of 20 pA between 20 and 30 krad(Si).

Low Dose Rate TID Test Results

: Test Results: N
LDC or : ) Particle: : J >5 | o837
Part Number Manufacturer Wafer Devu_:e Ve (Facility/Year/Month) ITET |n2MeV_ SIS, e S 2 E %
" Function nology P o in cm?/device, unless 339 £29
- otherwise specified s
Logic Device:
. . _ SET 2.8<LET;<4.0
ACT4468 Aeroflex 1210 Transceiver Bipolar | H: (TAMU13May) DC 0, =7x104 ¢m? [13] 5V 3
Hex Schmitt- _ SEL,~70
SNJ54LVC14AFK Texas Instruments 1137B Trigger BiCMOS B.C(TAMU13May) Omaxm =7 % 10°% cm? at 100°C 35V 3
Inverter Not immediately destructive. [14]
SiC:
Immediate catastrophic SEB at
500 Vg with 1110 MeV Ag. Vggu
_ and I, severely degraded at lower | Up to
GB20SLT12 GeneSiC 1209 Sgi‘;’éteky sic 'J'M(LT/I\AA'\(":EB‘]“”G) Vi. 1110 MeV Ag: threshold for | 1100 | 14
degradation < 350 V; 709 MeV Vg
Cu: < 375V; 267 MeV Ne: 550
V<Vg<600 V. [15]
1110 MeV Ag: SEE-induced
Wafer # Schottky : H: (TAMU13May) degradation Vi;<=150 V; Vg Upto
€4D40120D CREE E23312 Diode SIC MCC threshold for catastrophic failure | 650 Vg 9
(SEB) < 500 V. [16]
996 MeV Xe: Immediate
catastrophic SEB at V5 < 650 V;
_ threshold not found. At all other
CPM-1200-0025B CREE 1327 M%OS\AIIZeErT sic ;'C((L:BNLlssept) voltages tested, degradationin | OVgs | 8
both gate and drain currents was
observed suggestive of SEB
damage. [17]
At voltages up to 500 Vg and at
all beam conditions tested, no
_ iImmediate catastrophic failure
MSK1852P CRI?\AES(IE:r?rI:zeage)d by 1332 M%og\ll:eErT SiC II;I/I.C((L:BNLBSept) was observed but degradation in | 0 Vgg 13
y both gate and drain currents was
observed. Failures were
suggestive of SEGR damage. [18]
At all voltages and beam
conditions tested, no immediate
) catastrophic failure was observed
MSK1852PN CREE (Packaged by 1332 MOSFET SiC H: (LBNL13Sept) but degradation in both gate and | 0 Vgg 11
MSKennedy) MCC :
drain currents were observed.
Failures were suggestive of SEB
damage. [19]
1312: Power H: (TAMU13June);
CHTPLA8543C Cissoid 1324’ MOSEET SiC H: (LBNL13Sept) Contact Pl for test results. 0 Vgs 8
JML
1289 MeV Ag: SEB induced
: Schottky : H: (TAMU13May- degradation Vg<200 V; immediate| Up to
1P SIS e ARSI aE Tl B Diode 1S Jun) MCC catastrophic failure observed at 300 Vg =
V=300 V. [20]
Power:
: SJ H: (TAMU13June) SEB. 1289 MeV Ag:300 V < Vg <
IPW65R019C7 Infineon HAA249 MOSFET VDMOS | IML 325 V/ [21] 0 Vgs 3
_ SEGR. 1233 MeV Xe (LET = 59)
MOS-250-2 FUJI Test Chip| MOSFET | VDMOS S'M(LLBNLlssept) pass 250 Vg at 0 to -10 Vg fail -2’5 \1/0’ 3
B1230-X18, CA18HA IAZZ Test Chip| MOSFET | LDMOS '("Lém'i/'?)%leﬁ;‘gal_ Contact P! for test results. 0Ves | NIA
IXDI630CI IXYS 1209 G'\ggsgri; CMOS UC(CT:AMUBJ“”@ SEL 8.6 < LET,, < 20. [23] 35V 4
ADUM3223AR7 Analog Devices 1251 | HallBridge, | ~yiag [H(TAMULSMaY) | op) | e7 < 8.3, [24] 5V 3
Driver MCC th
Memory:
K4T1G084QF-BCEG SEU were seen when the DDR2
die on M470T2863FB3- Samsung NA DDR2 CMOS |L: (NRL14Jan)RL | Memory array was imadiated with |, gy, | 4
CE6 DIMM laser at NRL two-photon
absorption facility. [25]
H: SEU and SEFI seen down to
lowest test 1.5< LET>2.5;
K4B’021(;;) 342?5(':2”(13' Onset LET for block errors~5; PR
M471B5773DH0-CH9 Onset LET for SEFI~ 2. tested, 2
DIMMs and H: (TAMU13May) Omaxm ~8X104 cm? per device for Rev C
KAB4GO0S46B-HCHO Samsung NA DDR3 CMOS |RL;L: (NRL13Mar) |SEU, ~1E-4 cm? per device for 15V die énd
(12-037) 4Gb die on RL block errors and~1x10-° cm? per 2 Rev. D
MA471B5773DH0-CH9 device SEFl. - | die
DIMMs Die revision variance in stuck bit
susceptibility, see test report. [26]
L: No SEU were observed.
Embedded ReRAM H: ReRAM array is immune to
MN101L Panasonic NA Resistive | 180 nm |H: (TAMU13Dec) DC | UPSets: SEFI LETy, ~ 3.1; 3.3V 3
Mermor CMOS o =4 x 10 cm?/device at LET of
y 70. [27]
Schottky Diodes:
_ No failures observed at 100% of
120720A CranEeIeACet:giiasce & V\ll_a_fr%r3# Sg?c?étgy Si ;.C(('EAMUBMay) reverse voltage when irradiated 45V 4
with 2076 MeV Ta. [28]
_ No failures observed at 100% of
1N5819UB1 STMicroelectronics ;ﬁgﬁ;i Sgri\(;);t:y Si H.C(Z:AMUBJune) reverse voltage when irradiated 45V 3
with 1512 MeV Xe. [28]
: _ No failures observed at 100% of
95-9942U R::;Sfrig%t\lzsnﬁg Wazfgr # Sg?gétgy Si I'\-I/I.C(('EAMUBJune) reverse voltage when irradiated 150V 3
y with 1512 MeV Xe. [28]
. _ No failures observed at 100% of
95-9951U Rlen(;[teifrig?/t\lzgr?; Wafer # 7 Sg?gété(y Si H.C(EAMUBJune) reverse voltage when irradiated 45V 3
y with 1366 MV Xe. [28]
: _ No failures observed at 67% of
95-9953U Rlenctt?frire]?/t\l;)igr?la ngfzeor # Sg?gétgy Si ;‘é;AMUlSJune) reverse voltage when irradiated 150 vV 1
y with 1512 MeV Xe. [28]
: _ No failures observed at 100% of
96-1052U Rlen(;[gfrire]?/vgr?; Wafer # 1 Sg?gété(y Si H.C(('I;AMUBJune) reverse voltage when irradiated 60 V 3
y with 1366 MeV Xe. [28]
: _ No failures observed at 100% of
96-1063U R:ancttei’frig?/tl\/ci)gr?ela Wafer # 4 S[c)?é);teky Si I\HA.C(('I;AMU13June) reverse voltage when irradiated 45V 4
y with 1366 MeV Xe. [28]
_ No failures observed at 100% of
STPS1045CS1FR STMicroelectronics 3\/1\"231;%; SB?OO(;t:y Si H'C(EAMUBJWG) reverse voltage when irradiated 45V 3
with1512 MeV Xe. [28]
Electrical characteristic
degradation at 100% of rated
: : wafer Schottky : H: (TAMU13May) voltage when irradiated with
STPS20100CFSY1FR | STMicroelectronics 31013A Diode Si MCC 1512 MeV Xe. Immediate 100 V 3
catastrophic failure with
2076 MeV Ta. [28]
FPGA:
H:
Virtex 5QV Xilinx 1217 Virtex 5 FPGA| CMOS | (TAMU13May;June; | Contact Pl for test results. [29] 45V 2
Dec) MB
: : o 1.5;
ProASIC Ongoing research investigating k.
A3PE3000L Actel/Microsemi 1108 CMOS | H: (TAMU13Dec) MB | different mitigation strategies. [30] - 2
FPGA [31] and 3.3
\Y
Miscellaneous:
: : H: (TAMU13May) SET 15.3<LET,<18.4
1S2981 Intersil 0124 Source driver [ CMOS DC 0, =1x10°% cm? [32] 28 V 3
Operational : H: (TAMU13Dec) SET 0.14<LET,;<0.87
LM6172 Texas Instruments 1208A Amplifier Bipolar MCC 0,...=1x103 cm? [33] 5V 2
_ Hybrid _ SEL 1.3< LET,, <2.7, _
ADV212 Analog Devices 112212% Video Codec |  0.18u g'G(TAMUlSJ“”e) SEFI LET,, < 1.3; %32\\// 3
CMOS Frame Upsets LET,, < 1.3 [34] '
CMOS — Test Chip:
SET pulse width data gathered
SET Pulse 32 nm from 2-59 MeVecm?/mg. This was
32 nm SOI (Deneb) IBM Test Chip Width SOl H: (LBNL13Sept) JP | an initial test of the device; follow-| 0.9 V 2
Measurement| CMOS up testing will be required to
complete the data set. [35]
SRAM tested with the 10
MeV/amu cocktail at LBNL, the 25
MeV/amu tune at TAMU, protons
2291 H: (LBNL13Jan: from 64 MeV down to stopping at
32nm SOI (Hogwarts) IBM 2109; SRAM | 32nm SOI| TAMU13May) Jp; | YCP> and alpha particles from 30 | 0.77 &1,
2910 P: (UCD13Nov) JP MeV down to stopplng. at _UCD. 1.05V
' O maxm ~1%10-% cm?/Mbit with an
SEU LET,, <0.9. The SRAM was
sensitive to low-energy protons.
[36]
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