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Device List

e List of the devices included in radiation effects data
search for THEMIS P3&P4

GEMERIC Pil |r'u'1|L Pl | =MD Pir MAfE. DESCEIFTION
Al0z0 - - Actel IC, FPGA Actel
Al0z0 Actel IC. FPGA Actel
Al0z0 actel IC, FPGA Actel
b4--2454, BALVTHZ2454 AW ELL Drata BufferdTranslator
b4--162244 BALVTHIE2244 AW ELL Addr-Citl Butfer/Tranzlater
AHAIRZ0 AHAIBA0A-040P0C AHA [Drata Comprezsion, CkMOS
AHAIBEN AHAIBEOA-020PTC AHA [Data Comprezsion, CkMOS
FRE&MP, Precizion Monolithic [nstrumentation
ADGZ4 ADBZ45D /2850 BI62-38539MEA AD Arnplifier
OPAMP, Ultralow Input Biaz Current Operational
AD54T ADB495H /2820 ab Arnplifier
ADGR44 ADBR448RS DAL, Precision QUAD 16-Bit DAC
ADEZE ) .
FREAMP, Prograrmmable Gain Instrumentation
ADEZRSD /2850 BIEZ-BF719MEA  AD Arnplifier
A0, 16-Bit, 570 kSPS CMOS Succeszive
ADTEE4 ADTEEAAST AL Approsimation A0C with Mo Mizsing Codes
OPAMP, Single Supply, Dual Precizion, Rail to
AD22 ADBZ2ARM-R2 Rail Low Power FET-lnput Op Amp
AMP, Ultralows Power, 170 MHz and Slew Rate
ADSN05 ADBO0RART ab of 280 % ps
ALIBRT 7D - PHILLIFS
%‘terrl“cl Lo, LVUVVY
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Dewce List cont.

GEMERIC Pt [MIL P | smD P | lig DESCRIFTION
CMOS, OTA, Operational Transconductance
CA302804 CA3NB0AT->AM ok, AS[discontinued) Irtersil Armplifier, Feduced Input Offzet Yoltage, 2MHz
CMOS, OTA, Operational Transconductance
CaZ32a00 CAZ28045 Inkersil Amplifier, Reduced lnput Offzet Voltage, 2MHz
COMPARATOR, Quad Lowe Power, Precizion
ChiP04 A0 Comparator
Analog Switch, High-Speed, Low-Glitch
DGR3 DEE] 34K./883 B962-93255003MEL VISHAY D/CMOS Analog Switch
EL2001 EL2001CH Elentec OPAMP, Lowe Poweer, 180kMHz Buffer Amplifier
Op Amp, 8MHz, Precizion, JFET [nput, Unity
HA-5170 Hay-5170-8 Intersil Gain
OPAMP, Lowe Offzet, Low Drift JFET [nput
LF411ACH MSC O perational Amplifier
Lhi11s A 220 A0S - AL=am 8
Lhid 37 Jhd2EE1 0 B03Rw Lk 37H A28 - MEC Ehagaties-Bagubator—=-Terrmisabtdistabla
AP, Dual Operational Tranzconductance
Lk1 3700 L1 37000 Amplifier with Linearizing Diodes and Buffers
PFET Switching Regulator [Buck] Contraoller,
L3485 - - MSC Hysteretic, MOSFET
Lk5030 Y I A MSC M A,
COMPARATOR, Low Yoltage, Precizion
LkW7EZ LMY TEZM b M5SC Cormparatar with Push-Pull Output
Lk4193 L1934 -0 LY FOE2-9452602PA MSC Dual Comparatar, Love Power Low Offzet Woltage
LT1217 LT1217C58 Linear Tech OFAMP,
OFPAMP. Dual and Quad 250ms, 3MHz,
2000 mz Operational Amplifiers, 50-8pack, alzo
LT1352 LT1352158 Linear Tech 50-14 pack available [135315]
LT1E71 LT1671CMSE Linear Tech COMPARATOR,
OFPAMP. Dual and Quad 250ms, 3MHz,
2000 fmz Operational Amplifiers, 50-14pack, also
LT1353 LT135315 Linear Tech 50-8 pack available
LTC1604 LTC1E044IG Linear Tech ADC, A/ 16 bit corvverter
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Device List cont.

GEMNERIC PN [MIL P | sMD PN | Mifr DESCRIPTION |
LTC1E09 LT 1609415 Linear Tech ADC. 1E6-Bit, 200kzps, Serial Sampling ADC

AMP, Precizion, High Side Current Sense
LT1737 LT17a7HY Linear Tech Amplifiers

Step-Down Switching Regulator, High Yoltage
LT17EE Linear Tech 1.54, 200 kHz

A0, High Speed, 16-Bit, 333kzpsSampling 4/D
LTC1ED4 LTC1E04A1G Coarrvertenwith S hutdown

Step-Dowvwen Regulator, High Efficiency bonaolithic
LTC1877 Linear Tech Synchronous

COMPARATOR. Dual/Quad/Single. High-

Speed, Ultra-Low-Power, Single-Supply TTL
b a07 M AEA07TESS b sl b Comparators

COMPARATOR, High-Speed, Micropower, Low-
b As991 - - Pl s b “altage, SOT 23, Rail-to-Rail 1/0 Comparatars
FIC4425 MMICA4254,1P0) RI62-8850306P4 | Micrel, AustinSemi, t DRMVER, DUAL HIGH-POWER MOSFET
B2RE3045 kkSD0E25E8045-C-15 30+ SDRaM, 2GE SDRAM STACK, SPACE GRADE
am9s0s OMRS8085F IR “Yolbage Regulator [54-3.3W]
arFzz20 OF2204] /8830C 0] OPakP, Dual Micropower Operational Amplifier

OFPAMP, Quad Low Power, High Speed JFET
OF432 OP432GF BOEZ- 4581 0 MCa AD O perational Amplifier

OPAMP, Precizion Rail-to-R ail Input & Output
OP4B84 OP4B4FS Al O perational Amplifier

OPAMP, Low-aoltage Micropower Quad
arF490 OFP4904y R9E2-8967001CA AD O perational &mplifier
(] iy R =Y LIC1 526RA1/8838 RO9EZ-3951102E4 T Fegulating Pulze Width Modulator

MPM LOwW POMWER SILICON TRAMSISTOR.
2M3439 2M3433 JAN T [ualified per MIL-PRF-13500/368

PHF LOW POWER SILICOMN TRAMSISTOR.
ZME41E ZHEATE JAMN T Qualified per MIL-PRF-13500/435
FMET 3304 tMMET 3304LT1 MOT MPM, UHFAYHF TRAMSISTOR
FMET 3906 tMMET 330ELT1 MOT PMF,
FMETHE1 MMBTHE1LTI MOT PMHF
SD210DE S0A00E-2 WIS HAY M-Channel Lateral DMOS FET
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o Radiation Data Found

Concepts

Tatal Dose
SEL (Krads(5i))

HI SEU ‘ Comments and Reference ‘

MIL P FSEl Destructive
LETth = 25, 1E6 HI LETth Data fram R. koga et al, 94 SEE Symposium. Al other data from
41020 Upset/Bit-Day Immune Immune 300 Mo Actel's website http: M. actel com/documents/RADHARDds. pdf
LETth =25, 1E6 HI LETth Data fram R. Kopa et al, 94 SEE Symposium. Al other data from
A1020 Upset/Bit-Day Imrmune Immune 500 Mo Actel's website http: Swvaw. actel comfdocuments/RADHARDds. pdf
LETth =25, 1E6 HI LETth Data from R, Kopa et al, 94 SEE Symposiom. Al other data from
A1020 Upset/Bit-Day Irrrrure Irmrnune 300 Mo Actel's website http: Sevwaw. actel comfdocurments/RADHARDds. pdf
Total Dose data from MASWELL,
http:fwwr, mazwell. com/pdifme/product_datasheets/ogic/A4LVTHIBZ244 R
BALVTHZ2454 ? ? 7 =100 Mo evl.pdf
Total Dose data from MASWELL,
http:/fanwnn, maswell. comipdifme/product_datasheets/logicA4LVTHIBZ244 R
B4LWTH1E2244 ? ? ? =100 Mo vl pdf
AHAIRE08-080FTC ? ? ? ? ? Can't find raciation data. May exhibit Proton and Heawy lon SEE (SEU, SEL)
i Heawy lon SEU and SEL Data from K. Label, 1995 IEEE NSREC Data
LETth=11.5,1E3 Warkshop pg. 29. Total Dose Data from DSCC
AD52450/0838 cm2idevice ? >0 2100 Mo http:/fwww. dsce. dla. mil/Downloads/Mil Spec/Smd/BE539. pdf
Total Dose Data from GSFC Project Component Enginesring Morthly Repart - April 2003
ADS435H /B8R ? ? 7 < ? htp:/inepp.naza govindex_nase.cim571 Device may exhibit Single Evert Effects
ALAB444RS ? ? ? ? ? Can't find racistion data
060 source Total Dose Data from
http://radhome gsfc.nasa. goviradhome/papers/G1002_ADE25 pdf. Mo
ADEZ550/8838 7 ! 7 A0 Mo parametric degredation up ta 20 krads(30)
Thiz device will require extensive mitigation techniques in order to prevent
LETth ~7: ~1.2E- DESTRUCTIVE eftects caused by SEL. SEL data fram
LDTEE4AST a 7 Iemitidevice a0 Yog http:/fradhome. gsfc. nasa. goviradhomelpapers T 20202 ADVERS. pdf,
Co-60 source Total Dose Data from
http:Aradhome. gsfc nasa. gov/radhome/papers/GO902_ADBZ2 pdf Mo
ADEZZARM-RZ 7 ! 7 20 Mo parametric degredation up ta 20 krads(3i)
ADBO0GART Cant find raciation data
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LS Radiation Data Found cont.

Concepts

Tatal Dose
MIL P HI SEU F SEU SEL (Krads(5i)) | Destructive Comments and Reference
AUBETYD Cant find radistion data
CAI0B0AT -»AM ok,
A5[dizcontinued) Can't find radistion data
CAZZB0A5 Cant find radistion data
CMPO4 Cant find radistion data
DGE13AK./B83 Cant find radistion data
EL2001CH Cant find radistion data
HAT-E170-8 Cant find radistion data
LF411ACH Cant find radistion data
SRR 00BN Can't find radiation data
BB 0 B0EEA
L 2THAE03 Can't find radiation data
LM 13700M Cant find radistion data
Lh 3485 Cant find radistion data
M Cant find radistion data
LMW TE2M M Cant find radistion data
LT1217C58 Cant find radistion data
LT1362158 Cant find radistion data
LT1E71CMEE Cant find radistion data
LT135315 Cant find radistion data
LTC1R044IG LETth = B& Mo SEL Data from 2002 IEEE NSREC Data Workshop, page 85.
LTCIB0341SW Cant find radistion data
LT1787HY Cant find radistion data
LT1766 Cant find radistion data
LTCI60441G Cant find radistion data
LTC1877 Cant find radistion data
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) Known Radiation Data cont.

Concepts
‘ ‘ ‘ Total Dose ‘
MIL P/N HI SEU P SEU oEL (Krads(3i]) | Destructive Comments and Reference
MaxI07ESA Cant find racliation data
Max331 Cant find raclistion data
Data from M. O'Bryan et al., 2000 [EEE NSREC Data Workshop for
MIC4423 (same process family), page 109, SEU and SEL are application
MIC44258P0 LETth = £0 NEA LETth = &l ? ? specific
MM3D0B2558045-C-
15 Cant find raciation data
OMR33085F Cantt find raciation data
OP2204) fa8aC ? Can't find radistion data
(P482GP ? Can't find radiation data
) " Al data from IC] internal data (BSS propristary document). Total Dose data
LETth ~b.h, = 3.4E-4 from DSCC website,
OP484F5 e/ Op-Amp ! Immune 100 Yes (3EDR) hitp: . dece.dla. milDownloads/MilSpecmd0a17 pof
) Total Dose data from http:/iradhome. gsfc.nasa. gowlradhome/papersid/PRM-
OP4308Y ? ? ? ~15 No  H2-185 pdf
Ptz with the soft start feature have a specifice kind of SEE an the soft-
start mechanism where the outage an the output can last for many PYWM
UC15264, /8838 ? ? ? ? Mo clock cycles and possibly be detrimental to power supply operation,
NIIFJENTAY NfA NEA, NfA A, Mo Mat knoiwn to exhibit measurable SEE
NEA16JANTHY A4, NEA, MfA, A Mo Mot knoiwn to exhibit meagurable SEE
MMET J904LT1 A A NfA fA Mo MNat known to exhibit measurable SEE
MMET 906LT1 MNfA, NiA NfA A Mo Mat knoiwn to exhibit measurable SEE
MMBTHEILT1 NfA NEA NfA A Mo Mot knoiwn to exhibit measurable SEE

Destructive effects in power MOSFETS requires paricular attention to 8 number b
of factors including the application VDS and YGS (off), as well as VDS, YGS, and
S02100E-2 MiA MIA MIA ! ? LET failure threshold derived from the manufacturer specifications.

September 12, 2003 UNCLASSIFIED
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) AD7664 Device

« AD7664 is an A/D, 16-Bit, 570 kSPS CMOS

September 12, 2003

NASA data shows that the AD7664 have an SEL
LET threshold of ~7 MeV/(mg/cm?2) with an SEL
cross section of 1.2E-3 cm?4/device, and can
withstand ~20 krads(Si) of total dose accumulation.

This device may require SEL mitigation.
Proton measurement Is recommended.

UNCLASSIFIED



) LM193 Device

 The LM193 is Dual Comparator, Low Power, Low
offset Voltage

 Published Data from Bogorad et al, 99NSREC
Poster Paper PD-1 Preprint shows:

— Heavy lon SEU: LET,, = 8 MeV/(mg/cm?), 6 = 8.4E-3
cm?/device

— SEL: LET,, > 84 MeV/(mg/cm?)

 Published data from JPL C.C. Yul et al,

shows:

— Some limited low dose rate data out to 10 krad(Si) with
no expected issues for THEMIS.

September 12, 2003 UNCLASSIFIED d
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) UC1526A Device

September 12, 2003

UC1526A is a Regulating Pulse Width Modulator with Soft-
Start feature

Can’t find radiation data on this device

Our experience and published data on unitrode PWMs with
the soft start feature capability have a specific kind of SEE
on the soft-start mechanism where the outage on the output
can last for many PWM clock cycles and possibly be
detrimental to power supply operation.
— Much longer duration; Could sag P/S output voltage out of tolerance
— Duration depends on capacitance of SS pin and output voltage sag
depends on nominal current loads
We recommend that increased attention be paid to PWMs
in all program circuit designs. Particular attention must be
paid to the PWMs with soft-start capability to determine
whether they have this extra circuitry that significantly
Increases their soft start SEU sensitivity.

UNCLASSIFIED 10
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Concepts A1020 Device

e A1020 i1s Radiation Hardened Actel FPGA

 Heavy lon SEU Data from R. Koga et al, 94 SEE
Symposium shows ~25 MeV/(cm?/mg) with an
upset of 1.0E-6 Upsets/(bit-day).

 Manufacturer data shows 300 krads(Si), SEL

mmunity, and a tested single event upset (SEU) of
1.0E -6 Upsets/(bit-day)

t 12, 2
September 12, 2003 UNCLASSIFIED 11



UNCLASSIFIED

) OP484 Device

 The OP484 is an Precision Rall-to-Rail Input &
Output Operational Amplifier

e Qur In-house data shows

— Heavy lon SEU: LET, ~5.6 MeV/(mg/cm,), X-sec =
3.4E-4 cm?/Op-Amp
— Because of the low LET threshold this device is likely to

exhibit transients from energetic protons depending on
the application.

— SEL Immune

— The device exhibits Single Event Gate Rupture (SEDR):
lower LET,, = 63 MeV/(mg/cm?), Upper LET,, =95 63
MeV/(mg/cm?), X-sec =1.06E-6 cm?/device

e Total Dose data from SMD#, 100 krads(Si)

September 12, 2003 UNCLASSIFIED 12
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) SD210DE-2 Device

 The Vishay SD210E is an N-channel Lateral
DMOS FET

e Can’t find data for this device

— Destructive effects (SEGR/SEDR) in MOSFETS requires
particular attention to a number of factors including the
application VDS and VGS (off), as well as VDS, VGS,
and LET failure threshold derived from SEE
measurements.

t 12, 2
September 12, 2003 UNCLASSIFIED 13



) MIC4425 Device

 The MIC4425 is a DUAL HIGH-POWER MOSFET
DRIVER

* Published data for similar process (MIC4423), M.

O'Bryan et al., 2000 IEEE NSREC Data Workshop,
page 109 shows:

— SEU and SEL LETth > 60 MeV/(cm?4/mg)
 Total Dose data not available

t 12, 2
September 12, 2003 UNCLASSIFIED 14



) AD549 Device

e The AD549 OPAMP is an Ultralow Input Bias
Current Operational Amplifier

 Limited data available on this device but

— GSFC Project Component Engineering Monthly Report -
April 2003 claims that the track record for the AD549 Op-
Amp is not positive, the parts typically start failing at or

below 5 krads(Si).
 The AD549 would require additional shielding if
used or recommended alternative would be the
Rad-Hard RH1056A from Linear Technology

September 12, 2003 UNCLASSIFIED 15
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ci‘i‘i{@‘e‘ﬁ%? Comparator Devices with No Rad Data

 Voltage Comparators

— Comparator devices with No radiation data may exhibit
Single Event Effects in the form of single event
transients (SETS)

— An SET event caused by Heavy lon/Energetic Proton in
a voltage comparator is a transient pulse at the device
output.

— The SET can have a rail-to-rail output change of state
with duration up to a few microseconds.

— In general the SET sensitivity of comparators is a
function of the input differential voltage.

— It has been observed that the lower the comparator
differential input voltage, the higher the device
sensitivity.

September 12, 2003 UNCLASSIFIED 16
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c'fih“é‘“e‘i%Qt;’ Op-Amp Devices with No Rad Data

e Operational Amplifiers (Op-Amps)
— The Op-Amps with no radiation data may exhibit single

event effects in the form of Single Event Dielectric
Rupture (SEDR) and Single Event Transients (SET)

— A SET in an operational amplifier produces an output
transient glitch. A large variety of waveforms have been
observed.

— The output pulses can have many shapes including
positive-going unipolar, negative-going unipolar, bipolar,
and relatively short or even long duration.

— The worst-case glitch can have an amplitude of the
power supply rail and of duration of tens of
microseconds.

— Careful analysis of the potential destructive impact of a
SET should be performed.

September 12, 2003 UNCLASSIFIED 17



