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Abstract— We present the results of single event effects testing
and analysis investigating the effects of radiation on electronics.
This paper is a summary of test results.

Index Terms—Single event effects, spacecraft electronics,
digital, linear bipolar, and hybrid devices.

1. INTRODUCTION

IN order to meet the demands of reduced cost, higher
performance and more rapid delivery schedules imposed
by the space flight community, spacecraft designers are
increasingly turning to commercial and emerging technology
devices to meet these needs. The importance of ground-based
testing of such devices for susceptibility to single event effects
(SEE) is critical to ensure reliable performance of these
devices. The novel utilizations of some of these devices
highlight the need for application specific testing to assure
their proper operation and ability to meet mission goals.
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The studies discussed here were undertaken to establish the
sensitivities of candidate spacecraft electronics to heavy ion
and proton-induced single event upset (SEU), single event
latchup (SEL), and single event transients (SET). For total
ionizing dose (TID) results, see a companion paper submitted
to the 2008 IEEE NSREC Radiation Effects Data Workshop
entitled: “Compendium of Recent Total Ionizing Dose Results
for Candidate Spacecraft Electronics for NASA” by D.
Cochran, et al. [1].

II. TEST TECHNIQUES AND SETUP

A. Test Facilities

All SEE tests were performed between February 2007 and
February 2008. Heavy ion experiments were conducted at
Lawrence Berkeley National Laboratory (LBNL) [2], and at
Texas A&M University Cyclotron (TAMU) [3]. The LBNL
and TAMU facilities use an 88" cyclotron. Both of these
facilities are suitable for providing a variety of ions over a
range of energies for testing. The device under test (DUT) was
irradiated with heavy ions having linear energy transfers
(LETs) ranging from 0.59 to 120 MeVecm*/mg. Fluxes ranged
from 1x107 to 1x10” particles/cm?/s, depending on the device
sensitivity. Representative ions used are listed in Table L.
LETs between the values 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 and LETs
available varied slightly from one test date to another.

Proton SEE tests were performed at the Indiana University
Cyclotron Facility (IUCF) [5]. Proton test energies incident on
the DUT are listed in Table II.

Laser SEE tests were performed at the pulsed laser facility
at the Naval Research Laboratory (NRL) [6] [7]. The laser
light had a wavelength of 590 nm resulting in a skin depth
(depth at which the light intensity decreased to 1/e - or about
37% - of its intensity at the surface) of 2 pm. A nominal pulse
rate of 100 Hz was utilized.
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TABLE I: HEAVY ION TEST FACILITIES AND TEST HEAVY IONS

Surface
lon Energy LET inzsi Range in
(MeV) (MeV-cm?/mg) Si (pm)
(Normal Incidence)

LBNL 80 184 2.2 227
2Ne 216 35 175
“OAr 400 9.7 130
50U 659 21 110
8Kr 886 31 110
1%%e 1330 59 97

10 MeV per AMU tune

TAMU “Ne 300 25 316
“OAr 599 77 229
®cu 944 17.8 172
84Kr 1259 25.4 170
129 1934 47.3 156

15 MeV per AMU tune
2Ne 545 1.7 799
“OAr 991 5.4 493
84Kr 2081 19.3 332
1¥9%e 3197 37.9 286
25 MeV per AMU tune
Ne 800 1.2 1655
“OAr 1598 3.8 1079
40 MeV per AMU tune

TABLE II: PROTON TEST FACILITY

Indiana University Cyclotron Facility (IUCF), energy ranged from
63 to 198 MeV, flux ranged from 5x10° to 3x10° particles/cm?/s.

TABLE III: LASER TEST FACILITY
Naval Research Laboratory (NRL) Pulsed Laser SEE Test Facility
Laser: 590 nm, 1 ps pulse width, beam spot size ~1.2 ym

B. Test Method

Unless otherwise noted, all tests were performed at room
temperature and with nominal power supply voltages. We
recognize that high-temperature and worst-case power supply
conditions are recommended for single event latchup (SEL)
device qualification.

1) SEE Testing - Heavy Ion:
Depending on the DUT and the test objectives, one or
more of three SEE test methods were typically used:

Dynamic — the DUT was exercised continually while being
exposed to the beam. The events and/or bit errors were
counted, generally by comparing DUT output to an
unirradiated reference device or other expected output (Golden
chip or virtual Golden chip methods) [8]. In some cases, the
effects of clock speed or device operating modes were
investigated. Results of such tests should be applied with
caution due to the application-specific nature of the results.

Static — the DUT was loaded prior to irradiation; data were
retrieved and errors were counted after irradiation.

Biased — the DUT was biased and clocked while Ic (power
consumption) was monitored for SEL or other destructive
effects. In most SEL tests, functionality was also monitored.

In SEE experiments, DUTs were monitored for soft errors,
such as SEUs and for hard errors, such as SEL. Detailed
descriptions of the types of errors observed are noted in the
individual test results [9].

SET testing was performed using a high-speed oscilloscope.
Individual criteria for SETs are specific to the device being
tested. Please see the individual test reports for details [9].

Heavy ion SEE sensitivity experiments include
measurement of the Linear Energy Transfer threshold (LETy,)
and saturation cross section at maximum measured LET. The
LET, is defined as the maximum LET value at which no effect
was observed at an effective fluence of 1x10’ particles/cm’. In
the case where events are observed at lower fluences for the
smallest LET tested, LETy, will either be reported as less than
the lowest measured LET or determined approximately as the
LETy, parameter from a Weibull fit.

2) SEE Testing - Proton

Proton SEE tests were performed in a manner similar to
heavy ion exposures. However, because protons cause SEE via
indirect ionization of recoil particles, results are parameterized
in terms of proton energy rather than LET. Because such
proton-induced nuclear interactions are rare, proton tests also
feature higher cumulative fluences and particle flux rates than
do heavy ion experiments.

3) Pulsed Laser Facility Testing

The DUT was mounted on an X-Y-Z stage in front of a
100x lens that produced a spot size of about 1.2 pm full-width
half-maximum (FWHM). The X-Y-Z stage could be moved in
steps of 0.1 pum for accurate positioning of SEU sensitive
regions in front of the focused beam. An illuminator together
with a charge coupled device (CCD) 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.

III. TEST RESULTS OVERVIEW

Abbreviations and conventions are listed in Table IV.
Abbreviations for principal investigators (PIs) are listed in
Table V, and SEE results are summarized in Table VI. Unless
otherwise noted, all LETs are in MeVecm?*mg and all cross
sections are in cm*/device. This paper is a summary of results.
Complete  test reports are available online at
http://radhome.gsfc.nasa.gov [9].
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TABLE IV: ABBREVIATIONS AND CONVENTIONS:

LET = linear energy transfer (MeVescm?*/mg)

LET,, = linear energy transfer threshold (the minimum LET
value for which a glven effect is observed for a fluence
of 1x10’ particles/cm® — in MeVecm*/mg)

< = SEE observed at lowest tested LET

> =no SEE observed at highest tested LET

© = cross section (cm”/device, unless specified as cm /b1t)

Omax measureg = CTOSS section at maximum measured LET
(cm®/device, unless specified as cm /b1t)

ADC = analog to digital converter

App. Spec. = application specific

Aux = auxiliary

BiCom3x = complementary bipolar process

BRAM = BlockRAM

CMOS = complementary metal oxide semiconductor

DDR = double data rate

DUT = device under test

EEPROM = electronically erasable programmable read-only
memory

FPGA = field programmable gate array

FRAM = ferroelectric random access memory

H = heavy ion test

1/0O = input/output

IC = integrated circuit

L = laser test

LCDT = low cost digital tester

LDC = lot date code

LDO = low dropout

N/A = not applicable

Op Amp = operational amplifier

P = proton test (SEE)

PI = principal investigator

Rad Hard = radiation hardened

Samp = sample

SDRAM = synchronous dynamic random access memory

SEB = single event burnout

SEBE = single event burst error

SEE = single event effect

TABLE IV: ABBREVIATIONS AND CONVENTIONS (CONT.):
SEFI = single event functional interrupt

SEGR = single event gate rupture

SEHE = single event hard error

SEL = single event latchup

SET = single event transient

SEU = single event upset

SiGe = silicon germanium
SOI = silicon on insulator

Vccaux = Vec auxiliary, the power supply of the
configuration circuitry

Vccint = Vcee internal, the power supply of the FPGA core

Vcceo = Vee 1/0, the power supply for the input/outputs

(output buffers)

VCO = voltage controlled oscillator
Vv or Vgur = input voltage or output voltage

TABLE V: LIST OF PRINCIPAL INVESTIGATORS

Principal Investigator (PI)

Abbreviation

Steve Buchner
Melanie Berg
Michael Campola
Marty Carts

Ray Ladbury
Susan Mackey
Timothy Oldham

Christian Poivey

Anthony (Tony) Sanders

SB
MB
MC
MCarts
RL
SM
TO
CP
AS

TABLE VI: SUMMARY OF SEE TEST RESULTS

Test Resultg App.
Part Device Particle: LET in MeVscm“/mg Spec. Supply | Samp.
Number Manufacturer Lbc Function Technology (Facility/Date) P.l., o in cm%device, unless Test Voltage Size Test Report
otherwise specified (Y/N)
FPGA and ASIC
No LDC 0.25um . 56.9 < SEL LET, < 80.4 (75°C);

SIDECAR ASIC Teledyne (flight lof) ASIC CMOS H: (TAMUO7JUNE) CP SEFI LETy<5.7 Y 2V 3 T062607_SIDECAR [10]
SEFI Opmaxmeasured = 1x10° cm?
without scrubbing. .
Bit €17OT Onax measured = 1.52x1 0™ Vfg'ct

Virtex IV - X cm*®/bit for configuration memory, . 3

XCAVFX60 Xilinx 0609 FPGA 90nm CMOS |P: (IUCFO7MAR) CP and 3.9x10-* cm?/bit for BRAM at Y V;:csa\lljg 1U032707_XC4VFX60 [11]
200 MeV protons, normal .
S ) Vceco: 3.3V
incidence. No destructive events
were observed.
SEL LETy, > 74.5 (room i .

UT6325 Aeroflex 1015(5))8a2nd FPGA ‘)Cf/fgrsn H: (TAMUO7MAY) MB | temperature); Y cl%esz.ssol T ngz[fgf—Aer°f'ex—E°"pse
8.5<SEU LETy, <12 . -
H: SEL LETy, >55 (room
temperature);

Virtex IV H: (TAMUO7AUG) MB; |SEFI LETy, <5.7; SEU LETy, <2,7; Core 1.2V:

XCAVLX25 Xilinx 0553 FPGA 90nm CMOS |P: (IUCF07AUG; P: No SEL observed at both 89 Y /O 3 'SV ’ 5 1032706_LX25_V2 [13]

IUCF070CT) MB and 198 MeV protons; :

SEU observed at both 89 MeV
and 198 MeV protons.



http://radhome.gsfc.nasa.gov/radhome/papers/T062607_SIDECAR.pdf
http://radhome.gsfc.nasa.gov/radhome/papers/IU032707_XC4VFX60.pdf
http://radhome.gsfc.nasa.gov/radhome/papers/T022205_Aeroflex_Eclipse_V2.pdf
http://radhome.gsfc.nasa.gov/radhome/papers/I032706_LX25_V2.pdf
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Part
Number

Manufacturer

LDC

Device
Function

Technology

Particle:
(Facility/Date) P.l.,

Test Results
LET in MeV-cm*mg
o in cm%device, unless
otherwise specified

App.

Spec.

Test
(Y/N)

Supply
Voltage

Samp.
Size

Test Report

Power Devices

AFL2828

Interpoint

0533

DC-DC
Converter

Hybrid

H: (TAMUO7AUG)
SM/KL

SEL LETy, > 53.5 (room
temperature);

SET LETy, < 29.1;

Three shapes of SETs observed.

20V; 28V;
34V

T081307_AFL2828 [14]

TPS75003

Texas
Instruments

LDC is
unknown;
Package
marking

75003

Triple Supply
Power
Management
IC

1 mm BICMOS
(LBC3S)

H: (TAMUO7MAY)
CP/AS

SEL LETy, > 77.5 (room
temperature);

SET observed at high load
conditions; LDO regulator is the
most sensitive function of this
device. Increase of SET
sensitivity observed with
increasing output current.

1.2V;3.3V;
2.5V

T052107_TPS75003 [15]

SMSA2815

Interpoint

1559 and
1561

DC-DC
Converter

Hybrid

H: (TAMUO7NOV)
SB

SEL LETy, > 74.8 (room
temperature);

SET <5 ns with amplitudes <1 V;
No SET o; SETs were barely
larger than the noise level.

21V; 28V;
35V

T111307_SMSA2815 [16]

MSK5101

MS Kennedy

0739

Voltage
Regulator

Bipolar

H: (TAMUO7NOV)
RL

SET LET, <2.8;
Positive-going SETs ~30
microseconds;

Negative SETs ~ 80
microseconds (worst case).
Positive transients ~350 mV;
Negative SETs up to 1.86 V

5V

T111307_MSK5101 [17]

Linear Devices

MAX997

Maxim

0531

Voltage
Comparator

Bipolar

H: (TAMUO7AUG)
AS

SET LET, < 8.2

4.3V

T081007_MAX997 [18]

LM124

National
Semiconductor

036AD

Op Amp

Bipolar

H: (TAMUO7MAY)
SB;
L: (NRLO7APR) SB

H: Devices were SET tested after
TID tests at GSFC. Transients
shape and SET o depended on
configuration and changed with
total dose.

L: Shape of SETs change with
TID.

+/- 5V

RADECS07_ TAMUO7MAY_
GSFCO7 [19]

LMP2012

National
Semiconductor

Lot No.
7H4381G019

Op Amp

Bipolar

H: (TAMUO7MAY)
SB

SET LET, ~4; Longest lasting
SET has a width ~1.5ps;
SETs do not depend on ion LET.

5V

T052207_RM2012 [20]

LM139

Texas
Instruments

0535

Voltage
Comparator

Bipolar

H: (TAMUO7JUNE)
SB;
L: (NRLO7APR)

H: SET LETy, <5;

SET Omaxmeasured ~9%107; shape of
SETs changed with dose
becoming wider and smaller with
increasing dose.

Devices were SET tested after
TID tests at GSFC. The
experiments failed to reveal any
differences between the SETs in
the two LM139 parts previously
exposed to ionizing radiation
under different bias conditions.
The most likely reason is that the
parts are tolerant to the effects of
TID and a dose of 69 krad(Si)
was not sufficient.

L: Shape of SETs change with
TID.

oV; 5V

T062607_G07JUN_ LM139
[21]; tnsO7_Bernard [22];
NRLO7APR_LM193 [23]

NOTE: SET test performed
after TID testing at GSFC.

LM139

National
Semiconductor

No LDC
(test chip)

Voltage
Comparator

Bipolar

H: (LBNLO7JAN) SB

SET Opmax measured ~9X107%;
SET LET, <1 (for 25 mV);
SET LET, depended on
differential input voltage.

oV; 5V

tns07_Bernard.pdf [22]

Memory Devices

K4T1G044QA-ZCD5

Samsung

0625

1 Gbit DDR2
SDRAM

90 nm CMOS

P: (IUCFO7MAR) RL;
H: (TAMUO7JUNE;
TAMUO7AUG) RL

H: SEL LET, >70 (room
temperature and 75°C);

SEU LET, <2;

SEU Opmax measured ~0.6;

SEFI LETy, ~4;

SEFI Omax measured ~-0002;

MBU LET, >20;

P: SEU and SEFI observed at
both 89 and 198 MeV protons.

1.8V

1032807_T062407_
K4T1G044QA_EDE1104AB
[24]

EDE1104AB-50-E

Elpida

No LDC
package
markings:
06310W
CFW

1 Gbit DDR2
SDRAM

90 nm CMOS

P: (IUCFO7MAR) RL;
H: (TAMUO7JUNE)
RL

H: SEL LETy, <51 (~75°C);

SEU LET, <2; SEU o ~0.05;
SEFI LETy, ~6; SEFI 0 ~0.0003;
MBU LETy, >70;

P: SEU observed at 89 MeV
protons; SEF| observed at both

89 and 198 MeV protons.

1.8V

1032807_T062407_
K4T1G044QA_EDE1104AB
[24]



http://radhome.gsfc.nasa.gov/radhome/papers/T081307_AFL2828.pdf
http://radhome.gsfc.nasa.gov/radhome/papers/T052107_TPS75003.pdf
http://radhome.gsfc.nasa.gov/radhome/papers/T111307_SMSA2815.pdf
http://radhome.gsfc.nasa.gov/radhome/papers/T111307_MSK5101.pdf
http://radhome.gsfc.nasa.gov/radhome/papers/T081007_MAX997.pdf
http://radhome.gsfc.nasa.gov/radhome/papers/RADECS07_TAMU07MAY_GSFC07.pdf
http://radhome.gsfc.nasa.gov/radhome/papers/T052207_RM2012.pdf
http://radhome.gsfc.nasa.gov/radhome/papers/T062607_G07JUN_LM139.pdf
http://radhome.gsfc.nasa.gov/radhome/papers/T062607_G07JUN_LM139.pdf
http://radhome.gsfc.nasa.gov/radhome/papers/NRL07APR_LM193.pdf
http://radhome.gsfc.nasa.gov/radhome/papers/I032807_T062407_K4T1G044QA_EDE1104AB.pdf
http://radhome.gsfc.nasa.gov/radhome/papers/I032807_T062407_K4T1G044QA_EDE1104AB.pdf
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TABLE VI: SUMMARY OF SEE TEST RESULTS (CONT.)

Part
Number

Manufacturer

LDC

Device
Function

Technology

Particle: (Facility)
P.l.,

Test Results
LET in MeV-cm?*mg
o in cm?/device, unless
otherwise specified

App.
Spec.
Test
(Y/N)

Supply
Voltage

Samp.
Size

Test Report

Memory Devices (Cont.)

MT47H128M8HQ-3E

Micron

No LDC

package

markings:
7RE11 D9HNL

1 Gbit DDR2
SDRAM

80 nm CMOS

H: (TAMUO7NOV) RL

SEL LET, ~33 (room
temperature), ~26 (75°C);
SEU LETy, <2;

SEU Opnax measured ~0.03;
SEFI LETy, ~2;

SEFI Omax measured ~0.01;
MBU LET,, >60.

1.8V

T111107_ MT47H128M8HQ
[25]

R1LV1616RBG

Renesas

43622

SRAM Memory

0.15um
CMOS

H: (TAMUO7JUNE;
TAMUO7AUG) MB;
P: (IUCFO70CT) MB

H: SEL LET, >55 (74°C);

SEFI LETy, >55;

SEU LETy, <2.8

P: No SEL observed at both 89
and 195 MeV protons.

SEU observed at both 89 and
198 MeV protons.

3.3V

T062507_R1LV1616RBG [26]

K9F4G08UOA

Samsung

0625

4 Gbit Flash

63 nm
CMOS

P: (IUCFO7MAR) TO;
H: (TAMUO7MAY;
TAMUO7AUG) TO/AS

H: SEL LETy, >55 (70°C);

P: No destructive events
observed at 200 MeV protons,
normal incidence at room
temperature.

U 3.3V;
TAMU
07MAY
3.6V;
TAMU
07AUG
3.3V

TAMU 2;
U1

1032807_T062407_
K4T1G044QA_EDE1104AB
[24];
T052207_Hynix_Micron_
Samsung [27]

HY27UF084G2M

Hynix

0636

4 Gbit Flash

63 nm
CMOS)

H: (TAMUO7MAY;
TAMUO7JUNE;
TAMUO7AUG) TO/AS

SEL LET,, >55 (70°C);
SEU LET}, <3.9

SEFI LET,, static = 30,
dynamic <3.9

SEU Opmax measured = 5.5x10™"!
cm?/bit at LET = 55

3.0V; 3.3V

T052207_Hynix_Micron_
Samsung [27]

MT29F4G08AAAWP

Micron

0628

4 Gbit Flash

63 nm
CMOS)

H: (TAMUO7MAY;
TAMUO7JUNE;
TAMUO7AUG) TO/AS

SEL LET,, >55 (70°C);
SEU LETy, <3.9;

SEFI LET,, static = 30,
dynamic <3.9

SEU Ormax measured =2x10™"
cm?/bit at LET=55

3.0V; 3.3V

T052207_Hynix_Micron_
Samsung [27]

MR2A16A

Freescale

0629

4Mbit MRAM

CMOSs

P: (IUCFO70OCT)
TOMC

No upsets observed at both 89
and 189 MeV protons.

3.3V

G070CT_MR2A16A_TID_
1032707 [28]

MB85R256

Fujitsu
Semiconductor

0405

FRAM

CMOSs

H: (TAMUO7MAY) MC

SEL LETy, ~ 21.3 (room
temperature)

SEU LETy, ~ 21.3;
SEFI LETy, > 53.5

3.3V

T052407_MB85R256 [29]

FM22L16

Ramtron
International
Corporation

0645

FRAM

CMOSs

H: (TAMUO7JUN); MG
P: (IUCFO7AUG;
IUCFO70CT) MC

H: SEL LETy, >73.6 (room
temperature) ;

SEU LETy, ~2.7;

SEFI LETy, <2.7

P: No SEL observed at both 89
and 198 MeV protons at room
temperature and 75°C. SEFI
observed.

H: 3.3V

P:3.0V;
3.3V;
3.6V

TAMU 2;
U5

T062507_FM22L16 [30];
1082807_FM22L16 [31];

NOTE: Texas Instruments part
packaged by Ramtron.

17302-001

Memtek

No LDC
(test chip)

EEPROM

0.35pm
CMOS

H: (TAMUO7JUNE)
MC

SEL LET;, <53.5 (room
temperature and 85°C);
SEU LET, ~8.6;
SEFI LETy, <29.1

3V

T062507_Memtek_17302-001
(32]

Miscellaneous

SA8016

Philips

C045132

2.5GHz
Synthesizer
Chip

BiCMOS

H: (TAMUO7JUNE)
SM/RL [MCarts]

SEL LETy, >27 (room
temperature and 85°C);
SET LETy, <8.2;

SET Grmax measurea 1.96x107;
SET Omaxmeasurea =3x10°;
SEF! O measurea =5x10°

3-5V

T062507_SA8016 [33]

ADS5424

Texas
Instruments

5962
(0720601VXC
ADS5424MHFG-
Y THA 7BAR
0725A

ADC

BiCMOS

H: (TAMUO7NOV) MB

H: SEL LETy, >55 (room
temperature and 85°C);

SEFI LETy, >55;

SEU LETy, <8.5

P: No SEL observed at both 89
and 195 MeV protons.

SEU observed at both 89 and
198 MeV protons.

5V supply;
3.3V
output

T111207_ADS5424 [34]



http://radhome.gsfc.nasa.gov/radhome/papers/T111107_MT47H128M8HQ.pdf
http://radhome.gsfc.nasa.gov/radhome/papers/T062507_R1LV1616RBG.pdf
http://radhome.gsfc.nasa.gov/radhome/papers/I032807_T062407_K4T1G044QA_EDE1104AB.pdf
http://radhome.gsfc.nasa.gov/radhome/papers/T052207_Hynix_Micron_Samsung.pdf
http://radhome.gsfc.nasa.gov/radhome/papers/T052207_Hynix_Micron_Samsung.pdf
http://radhome.gsfc.nasa.gov/radhome/papers/T052207_Hynix_Micron_Samsung.pdf
http://radhome.gsfc.nasa.gov/radhome/papers/G07OCT_MR2A16A_TID_I032707.pdf
http://radhome.gsfc.nasa.gov/radhome/papers/T052407_MB85R256.pdf
http://radhome.gsfc.nasa.gov/radhome/papers/T062507_FM22L16.pdf
http://radhome.gsfc.nasa.gov/radhome/papers/I082807_FM22L16.pdf
http://radhome.gsfc.nasa.gov/radhome/papers/T062507_Memtek_17302-001.pdf
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IV. TEST RESULTS AND DISCUSSION

As in our past workshop compendia of GSFC test results,
each DUT has a detailed test report available online at
http://radhome.gsfc.nasa.gov [9] describing in further detail,
test method, SEE conditions/parameters, test results, and
graphs of data.

This section contains a summary of testing performed on a
selection of featured parts.

1) Interpoint AFL2828 DC-DC Converter

This study was undertaken to determine the single event
destructive latchup/burnout/gate rupture (SEL/B/GR) and
transient susceptibility (SET), of the AFL2828 DC/DC
converter. The device was monitored for SETs on the output
signal of the device and for destructive events induced by
exposing parts to the 15 MeV/amu tune at the TAMU. This
device features high power density with no derating
requirement over the full military temperature range. It
operates with nominal +28V inputs and an output power of
approximately 112 Watts on a single 28V output. This
converter series incorporates International Rectifier’s
proprietary magnetic pulse feedback technology providing an
optimized dynamic line and load regulation response. This
feedback system samples the output voltage at the pulse width
modulator fixed clock frequency, nominally 550 kHz. Under-
voltage lockout, primary and secondary referenced inhibit,
soft-start and load fault protection are provided.

The device was operated at nominal room temperature using
active cooling. Measurements were taken using a nominal 28V
input as well as at 20V and 35V with output loads of 0, 20, 60
and 80% rated levels. Because of the device size and package,
only normal incident testing was performed using two separate
beam spot locations. The ions used during irradiation include
Kr and Xe, see Table I for details.

SETs occurred at all tested LETs and three pulse shapes
were noted depending on beam location and input/load factors.
Fig. 1 below is an example of one of the SETs observed. Fig. 2
illustrates the representative SET cross sections for tested
LETs. Note: testing was only performed at normal incidence.
[14]
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Fig. 1. An example of one of the SETs observed for Interpoint AFL.2828 DC-
DC Converter.
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Fig. 2. Interpoint AFL2828 DC-DC converter representative SET cross
sections for tested LETSs.
2) Ramtron FM22L16 FRAM

The Ramtron FM22L16 Ferroelectric Random Access
Memory (FRAM) is a nonvolatile memory that boasts
increased endurance, lower voltage demand, and higher speed
than floating gate technologies such as Flash memories. The
FM221.16 uses a pseudo-SRAM interface compatible with a
JEDEC 256Kx16 SRAM pin out. Utilizing the properties of a
ferroelectric crystal structure and response to an electric field,
the FRAM device introduces new materials to SEE
investigations and may help to avoid over usage of radiation
sensitive oxides.

Two samples were tested with heavy ions between a range
of LETs from 2.7 MeVecm’/mg to 54.1 MeVecm?*/mg at the
TAMU Cyclotron. Proton testing was conducted at IUCF on
five samples for three proton energies: 198 MeV, 140 MeV,
and 89 MeV. At each facility tests were conducted at a
nominal voltage of 3.3V, at normal incidence, dynamically for
checkerboard and inverse checkerboard patterns to save time.
At TAMU the samples were additionally tested in
combinations of static runs at a lower voltage of 3.0V, and at
45° angles to determine any susceptibilities. At IUCF parts
were tested at an elevated temperature of 75°C, and an
increased bias of 3.6V, to investigate latch-up electrical
events.

Both SEUs and SEFIs were observed during these tests. The
SEUs were recorded as addresses in error after a static run, or
addresses that were continuously read as in error during a
dynamic run, i.e. actual memory bit flips. SEFIs were recorded
when the device was unable to be rewritten and verified after
the tests. The SEFI response had a signature of occurring with
transient errors and even occurred without a memory cell
upset, leading to the conclusion that SEFIs occurred when
circuitry external to the memory cells was hit with the incident
radiation.

No pattern sensitivity or SEL were observed. No destructive
analysis has been performed. The dominant failure mode for
these parts is SEFIs that occurred in both proton and heavy ion
exposure. A SEFI at a lower bias of 3.0V led to a part failure
in one sample (Part #2) at a LET of 19.8 MeVecm’/mg. This
occurred after 15 SEFIs total occurred on that part. The device
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was no longer able to accept the write commands, even after a
power cycle.

Figs. 3 and 4 show the results of SEE testing using heavy
ions and the average cross section for protons, respectively.
The error bars shown are one standard deviation of the runs’
data. In Fig 4 burst refers to a string of errors recorded, similar
to a SEFI, however, the part was able to be re-written. [30]
[31]
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Fig. 3. Dynamic error cross section heavy ion test results for Ramtron
FM221.16 FRAM.
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3) Philips SA8016 2.5 GHz Fractional-N Synthesizer

The Philips SA8016 was tested with heavy ions to explore a
possible destructive single event mechanism and to get better
statistics for all single event types. Previous testing on this
device detected the possibility of, but did not fully explore in a
statistically valid way, the failure mode. The device was tested,
delidded and closed-loop, at a voltage controlled oscillator
(VCO) frequency of 2.15 GHz with heavy ions with LETs of
6.8 to 74 MeVecm’/mg (all LET references hereafter use these
units) and ranges all above 63 pm. The devices were irradiated
and monitored with oscilloscope (LockDetect output and VCO
control voltage output), frequency counter (VCO frequency),
spectrum analyzer and supply current monitor. On-the-fly
DUT reconfiguration was incorporated into the test and was

used during runs to differentiate between SEFIs recoverable by
reconfiguration and SEFIs that were not (either terminal or
requiring powercycling). Transient disturbances saturated at a
cross section of about 3x10* cm’. The transient threshold is
below an LET of 2.68. SEFIs of both types saturated at about
5x10”° cm” and had a threshold LET below 8.2 (See Fig. 5).

The two most significant results of this testing are that the
possible failure mechanism at an LET of 51 was not replicated
with a fluence of over 1x10’ particles/cmz, and that the device
is susceptible to SEFIs which do require power cycling to
recover. Pointedly, if an application does not have the ability
to cycle power on these parts then these are terminal failures.
[33]
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Fig. 5. SEFI cross section data for Philips SA8016 2.5 GHz Fractional-N
Synthesizer.

4) Renesas RILVI616RBG-7SI LPSRAM

This study was undertaken to characterize the SEL and SEU
sensitivity levels for the RILV1616RGB-7SI low power
SRAM from Renesas Technology Corp. The DUT was
monitored for SEE and for potentially destructive events
induced by exposing it to a heavy ion beam at TAMU. In order
to investigate proton SEE, the DUT was also exposed to
proton irradiation at IUCF.

The RILV1616R series is a family of low voltage 16-Mbit
RAMs organized as 1048576-words by 16-bit, fabricated by
Renesas’ high-performance 0.15 pm CMOS with thin film
transistors (TFT). The device is packaged in a 48 balls flip
chip ball grid array (FBGA(CSP) / 7.5mm x 8.5mm with the
ball-pitch of 0.75mm and 6x8 array). The core SRAM cell is a
6-transistor cell, which includes two-DRAM capacitors per
memory cell. The supply voltage range is 2.7-3.6V. For the
SEU test, we used 3.3V, which is nominal for this device.

The device was operated at nominal room temperature using
active cooling. All tests were performed with a flux between
1x10° to 1x10° particles/cm’/s. For destructive and SEFI
investigation, all tests were run to a fluence of 1x10” p/cm® or
until destructive/high-current or a potential SEFI event
occurred. For SEE testing, all tests were run to a fluence
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between 1x10° p/em® to 1x10” p/cm® or until a SEFI or
destructive event was observed. The ions utilized during
irradiation were Ar and Kr at 15MeV; and Ne and Kr at 25
MeV, see Table I.

No SEL was observed through tests with temperatures up to
74°C and LET of 55 MeV*cm?/mg. Concerning SEE testing,
DUT outputs (data bus) were monitored during irradiation by
the LCDT data processing block for every memory read. If an
error(s) occurred, then the memory location in fault was
overwritten and the error was noted.
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Fig. 6. Renesas RILV1616RBG-7SI LPSRAM heavy Ion SEE cross section
per bit.

There was approximately a linear relationship of the SEE
cross section and effective LET for heavy ion testing. No
SEFIs or destructive events occurred in any of the heavy ion
tests.
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Fig. 7. Renesas R1ILV1616RBG-7SI LPSRAM proton SEE data for two
energies: 83 and 198 MeV per bit; and three angles: 0, 45 and -45.

There was a slight difference in angular data per proton
energy level. However, the differences were within 1 standard
deviation of the mean error value.

During proton irradiation, no SEFIs were observed.
However, one destructive event was observed at 40.5 krads(Si)
on one part RILV1616R BG-7SI. [26]

5) Texas Instruments ADS5424 ADC

This study was undertaken to determine the single event
latchup (SEL) and the Single Event Effects (SEE)
susceptibility of the Texas Instrument analog to digital
converter (ADC) ADS5424. The device was monitored for
SEEs on the output signal of the device and for destructive
events induced by exposing parts to the 25 MeV/amu tune at
the TAMU.

The ADS5424 is a 14 bit 105 MSPS ADC that operates
from a 5V supply, while providing 3.3V CMOS compatible
digital outputs. The ADS542 input buffer isolates the internal
switching of the on chip track and hold (T&H) from disturbing
the signal source. Please refer to Fig. 8 for device schematic.
The ADS5424 has a 2.2Vpp input range. The device
technology is Texas Instruments SiGe on SOI BiCom3x
process.
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Fig. 8. Functional Block Diagram of the Texas Instruments ADS5424 ADC.

The device was operated at nominal room temperature using
active cooling. A function generator was utilized as the clock
and data input to the ADC. Measurements were taken by
interfacing the ADC 14-bit digital outputs to the LCDT. The
LCDT processed the output data and reported errors to the
user host computer. Because of the DUT board size only
normal incident testing was performed. The ions used were Ar,
Kr, and Xe, see Table 1.

No destructive single events were observed during this test.
SEEs occurred at all tested LETs. The figure below is a heavy
ion graph of observed error cross section vs. LET. [34]
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Fig. 9. Cross section vs LET for Texas Instruments ADS5424 ADC.
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V. SUMMARY

We have presented recent data from SEE testing on a

variety of mainly commercial devices. It is the authors'
recommendation that this data be used with caution. We also
highly recommend that lot testing be performed on any suspect
or commercial device.
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