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Continuous high-altitude measurements of
cosmic ray neutrons and SEUIN at various
locations: correlation and analyses
base-on MUSCA SEP
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complex field of secondary particles. These patidhclude
Abstract — In this paper are described measurements at high neutrons, protons, muons, pions etc.
altitude of both radiation environment and effects. These Electronic parts and systems are exposed to iapizin
measurements integrate cosmic ray neutrons and SEMCU on 4 qiation’s fluxes which strongly depend on altiudatitude,

nano-scales devices. Results obtained at Pic-du-Nlidare . \ L .
presented and analyzed. Analyses based-on MUSCA SEP longitude and Sun's activity. The causes of SERaimo-scale

calculations shows a good agreement between expeeintal data  devices exposed to the atmospheric environmenbeuwons,
and modeling, thus illustrating the importance of he knowledge protons anda-particles. Semiconductor devices technologies

of the radiative field for a reliable prediction. scaling down to sub-90nm induce new problematich sas

. ) direct ionizing proton [1][2][3][4][5][6][7] and rdial

Index Terms - Atmospheric neutrons, Single Event Upset, jqnization profile effects on SEE [8][9][10]. Thuterrestrial

Multiple Cell Upset, SEU/MCU board, MUSCA SEP, Neutron neutrons and protons induced SEU are one of sughiskaes
spectrometer. R .
that can be a major challenge to future nanometric

I, INTRODUCTION gecfhno;ogies._ Palrticularly, MCU (_M(;JIti-CdeIIbUpsart_/hi(;t‘\1 are

. . efined as simultaneous errors induced by a siagént in

S!NGLE Event Effects (SEE) induced by_ particles (heav}(nore than one memory cell, are particularly imggd.

lons, neutrons, protons,....) present in the space arllhus, Soft Error Rate (SER) determination is stithallenge

atmospheric  natural environments where electrom% evaluate the technology sensitivity and to edfate the
components operate are well known for many yeaesitigns trends for future generations of devices

gnd ?rﬁton.s can lno:|rectly m?uce ('etLr(irr]S by Clﬁ:r? C(t)ndarty Different simulation and experimental approachesiarthe
I_l(_)r?s oflowing a nuc e?rdresc lon wi € nuc d € 1argeL- iterature to estimate the SER induced by terrastreutron
€ carmers generated by primary or secondary are . ionment: accelerated testing using alpha, arutor
collected by the depletion region resulting in arent pulse. . . .
Recent papers [1][2][3][4][5][6][7] have confirmethe SEU proton source/beams, real-life testing performethenatural
Nt pap ; B environments [11][12][13][14][15] and combination f o
sensitivity of nano-scale devices to proton’s diienization. . : . .
; . . . L . experimental and simulation approaches [16]. Aeradtive
Particles issued from primary cosmic radiation (rhai . . . . .
i hich hit the Earth's at h e i approach consists in using the modeling at devied/oa
protons) which hit the Earth's atmosphere give rieea circuit level. Each approach has advantages anbaicks.
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associated to modeling approach allow performingtebe
analyses. This synergy can also help to develojpraovative
methodology to evaluate the operational SEU/MCU. ris
Real-life SEU/MCU measurements are performed sin
2008 by ONERA and TIMA. They are done using an

s —
X, by

FHT-762 neutron SEU/MCU HERMEIS

commercial memories in 90 nm technology. This platf was ! / \ !

activated during commercial long-haul flights [1ahd has
flown as a piggy-back experiment during ballooghts [17].
To complete these investigations, MUSCA $ERIculations
were performed and compared with experimental teg$ll]
[17][18]. Although these comparisons showed a featiory
relevance, they have put in evidence the significaportance
of knowing and modeling the considered radiation
environment. Furthermore, in 2011, the so-calledRNEEIS
neutron spectrometer [19][20][21] has been indtalley
ONERA at Pic-du-Midi (2885 m, Midi-Pyrénées Obse¢ovg,
OMP). The HERMEIS spectrometer is coupled with semi
conductor detectors (pixel array and Si diodes) and
scintillator detector. The main objectives of thegperiments
are the characterization of the neutron field dyicarand the
investigation of other particle fields such as pnst and
muons. The SRAM experimental platform complemenhts t
high-altitude experimental setup.

In this paper, will be presented a new collaboeafivMA-
ONERA scientific thematic named DAARES (Distributed
Acquisitions in high-Altitude of Radiation Envirorent and
SEE) which integrates coupled measurements of cosayi
neutron fluxes/spectra and SEU/MCU occurring inaaacales . . .
devices at different locations. The results obwiae Pic-du- A High Altitude Sations
Midi are presented and are completed by data iskoetthe The neutron radiation field characterization (fleaxand/or

activation of the test platforms at a higher attit(3889 m) in  SPectra) as well as SEU/MCU continuous measurensmets
the city of Puno (Peru). simultaneously performed at the top of Pic-du-Midd in the

city of Puno (Peru), the table | summarizes theattaristics
of these two sites.

Pic-du-Midi, Fr

Fig. 1: SEU/MCU and neutron characterization experits installed at
Pic-du-Midi and Puno.

Il. EXPERIMENTAL PLATFORMS

In Fig. 1 are depicted both the high altitude siteshich are TABLE |. CHARACTERISTICS OF BOTH ALTITUDE LOCATIONS
operating the experiments and the experimentalopias: the Pic-du-Midi. France Puno, Peru
_SRAM-bpard and the neutron detectors. As me_\ntlonetdie Alfitude (m) 885 3889
|nt.rodl.1f.ct|on,_coupled measurements are establisietks to Latitude 42°55'N 15°50'S
SC'?”“ Ic projects. ) , . Longitude 0°08'E 70°01'W

Firstly, the DAARES project base on the Pic-du-Midi -

. . . . Cut-off rigidity 5.6 GV 5GV
station, located in the French Pyrenees and whictudes -
Neutron flux relative 8.5 9

radigtion field characterizations (neutron specttan and to New York City
semi-conductor detectors) and SEE measurement en _th

SRAM board. Secondly, there are the Puno expersnghich ~ Neutron experiment SHeEchr"é'E'eSter FHT 762 neutron probe

are performed within the framework of the HARMLE&Sgh P

Altitude Remotely Monitored Laboratory for the Evation of SEUMCU 2 Gbit 90nm SRAM 1 Gbit SRAM

the Sensitivity to SEUS) projéect experiment 9103n0n:n(13(2700;\1,,mb)/
Thus, projects provide a very interesting measuntme

synergy which will be completed by a modeling auto Start Operating May 2011 March 2012

base-on MUSCA SEP3 platform. Next parts are devated
describe the stations, the SEU/MCU experiment themn B. SEU/MCU experiment

neutron spectrometer/detector. The experimental platforms operating at Pic-du-Ntidiude
two SRAM boards (1 Gbit each). The architecturethefse

1 HARMLESS is a project started in 2011 in the fraofeSTIC-AmSud  poards was detailed in a previous work [11][17][18]
The HARMLESS network includes partners from Penas, Argentina and
France.
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The board used for the Puno experiment is basedsimilar Il. SEU/MCUMODELING AND GLOBAL METHODOLOGY
design but mixing SRAM chips issued from different the SEE prediction methodologies presented hereaim
technologies (130 and 90nm). proposing suitable approaches for modern electsorilhe

C. Neutron detection experiments RPP (Rectangular Parallelepiped) concept is largebd for

micro-scales technological nodes and relies oraisamption
that the deposited charge within a RPP volume pesvia
good description of the ion induced SEE mechanism.

The neutron environment is measured at the Pic-ali-&hd
the city of Puno using two distinct and complempnsystems

(see Fig.1).
At the Pic-du-Midi station, the HERMEIS system, reaaf

Bonner multi-spheres is used [11]. HERMEIS (Fig. 2) was Neutron spectrometer MUSCA SEP3
developed by the IRSN Laboratory of Neutron Metggland Ny ‘

Dosimetry and the Space Environment DepartmentMERA
(DESP) which has installed this spectrometer talystthe
dynamics of the energetic distributions, from meM3eV, of
cosmic-ray induced neutrons [20][21]. The Fig 2serds a
picture of the HERMEIS neutron spectrometer.

Neutron spectra

A Transport, coulombian and
nuclear interactions

Transport /collection in
semi-conductor

Circuit effects

SEU/MCU calculations

8

SEU/MCU measurements

Fig. 2: HERMEIS neutron spectrometer located in Riedu-Midi station
(altitude, latitude and longitude are respectiwegjyal to 2.885 km, 42°55'N
and 0°08'E). Fig. 3: Global methodology applied in this work.

The HERMEIS neutron spectrometer consists fo 10 Nowadays, device sensitive structures can no lorger
homogeneous polyethylene (PE) spheres with ingrgasirepresented in such a simplistic way because af tioenplex
diameters (3", 3.5", 4", 4.5", 5", 6", 7", 8", 18hd 12"). The geometry, small dimensions and close proximity vwother
high pressure (10 atn?ile spherical proportional counter (2")adjacent sensitive zones. Moreover, the technabgic
placed in the center of the spheres allows higtedfien integration led to modified collection mechanisms.
efficiency. Additionally, the spectrometer includéso PE New methodologies based on multi-level physical
spheres with inner tungsten and lead shells (8" @nd approaches were proposed as a new paradigm
respectively) in order to increase the response Founts [2][24][25][26][27][28][29][30][31][32][33][34].
given by each sphere are automatically stored eVigey ~ Among these methodologies, MUSCA SEFirstly
minutes with the mean meteorological conditionsehin presented in 2009 [2], consists in modeling the letevice
previous works, the fluency responses were caletland the Wwithin its local and global environments, and thetailed
method allows for deducing the spectrum from daiadevels characteristics of the radiation field environme(niature,
was developed. direction and spectrum). Results presented in [3H[36]

The neutron measurements performed at Puno were mad@ve shown that each physical level is critical 8EE risk
with a Thermo Scientific Monitor composed by onéHe calculation including the environment description.
proportional probe inserted inside a cylinder (&teg and  This work provides the opportunity to simultanegusl
Polyethylene layers). Layers are specified to obt#ie measure the neutron environment and the SEU/MChbrese
response for thermal neutrons up to 5 GeV [22].sThiof nano-scales devices (see Fig. 3). The radidiedd static
equipment allows for evaluating the dynamics of tieeitron and dynamic characteristics are monitored with atroe
flux levels but no the energetic distributions. spectrometer while the 90nm technological model asn

The calibration of HERMEIS and the neutron detestere developed and validated with technological analyasisd
performed at CERF (CERN-EU high Energy Referene¢dri SEU/MCU ground tests [17]. The 130nm topology hasrb
[23]) in order to ensure an appropriate responsetie high deduced from a shrink of the 90nm based-on ITRSmag
energy neutron field. [37].
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An interesting consequence of these experimentseiSEE

modeling field is that the technological and SEEwrence 1.28+04 1 _;'Z‘LJJ+ MCU
models can be optimized thanks to neutron and SEUM 10E+04 — seu
measurements coupled with MUSCA SE&halyses. Thus, '
models can be used for operational calculationssidening = 8.0E+03
complex profiles. g
£ 6.0E+03 |
IV. RESULTS AND ANALYSES o
. ) L
The Fig 4 proposes a summary of measurements (@&sh @ 4.0E+03 -
fail number) performed in the Pic-du-Midi statiomdain Puno
for both tested technologies. In the next, perfatraealyses 2.0E+03 1
and cross-comparison will be presented.
0.0E+00 T T T T T T T
juil.  sept. nov. janv. mars mai juil. sept.
120 1™ g0nm, 26bit, Pic-du-Mdi Date
100 | e et e Fig. 5 Measured SER in FIT/Mbit in Pic-du-Midi, mmirements
5 : : performed between May 2011 and August 2012.
Qo
£ 80 o
E The spectrum presented in Fig. 6 is issued frormicoate
g 60 data processing and results in an average spedResults are
£ completed with QARM [38] calculations.
> 40 A
ol
= 1E-01 | -
20 \\Q
_ 1E-02 N~
0 T T T T T T T g N
- 4 o 2 1E-03 q
juil.  sept. nov. janv. mars mai juil.  sept. g S =
Date E 1E-04 \\
o . . o S 1E-05 \
Fig. 4. SEU measurements in the Pic-du-Midi statiod in Puno between 3 N\
july 2011 and August 2012. é’_ 1E-06 \N
I . : - = \
Data acquisitions in the P|C-g|g-M|d| were stz?lriedMay 2 1E-07 - t < November 2011 and t > March 2015=
2011 and they allowed for obtaining a significaait humber 0 1E-08 - November 2011 < t< March 2012 |
(> 100 SEU). Moreover, measurements performed imoRue — — Spectrumissued fom QARM
more recent (March 2012) and the fail number, aigo 1E-09 ‘ ‘ ‘ ‘
significant for the 130nm devices, induced severablems 1E-02  1E-01 1E+00 1E+01 1E+02 1E+03 1E+04
for analysis. Energy in MeV
Next parts are devoted to present results angsesmhnd to ) .
_ . f the data Fig. 6: Neutron energy spectra issued from QARM aneasured by
Propose a cross-comparison o - HERMEIS at Pic-du-Midi between May 2011 and Apfii2.

A. Results obtained at Pic-du-Midi

The SEU/MCU platform and the neutron spectrometer a
operational respectively since July and May 2011.
Typically, SER (Single Event Rate) is measurederms of

The QARM results are obtained by considering timglsi
position radiations service, the main used paramédbieing
respectively the altitude (2.885 km), the latit{d2°55'N) and

; S ) : L the longitude (0°08'E). In addition, input data sider the
g(l;l\—/ié;alrl]%ruersm AT'rggzj’ %azi?;ebgénngsi;ss;rqgsleeglf;]r:: ;SR 2012 march 01 (median date) and input conditionssicier
- A9 P P GCR for incident spectrum and a Kp value equal to 2

in FIT/Mbit. Then, in Fig 5 are presented the SBRainics . !
observed in the Pic-du-Midi and results allow forSpectrum resulting from QARM calculation correspoma an

o average value and do not integrate the spectrurandign
dlStII’!nghlng the .SEU and MCU events. SER levais a Nevertheless, the HERMEIS spectrometer is ablednitor
consistent with previous works [12].

) the neutron field with a dynamic in the hour scalbese
In Fig. 6 are presented results analyzed from

ra :
spectrometer measurements performed between May &l Wourly spectra are used to model the neutron freRIUSCA

; . : SEP.
Augu§t 2012. It is necessary to _dlstlngwsh two iquiy Figs. 7 and 8 present the total and the SEU/MClhtsve
resulting from the snow accumulation on the roof tbé

experimental room during the winter period (Novemb@l1 measured comparing them with the predicted rathe. Fig 7

_ March 2012) when the neutron spectrum is sigarifity presents some results: as mentioned the mtegizateni_meer
attenuated. is deduced from measurement and calculations, but,

calculations are performed considering spectrunueds
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respectively from the HERMEIS spectrometer (locatkmbe occurrences separating single and multiple evems a
to the SEE experiment) and from the QARM calcutzio specifying the event multiplicity.
However, the Fig. 7 clearly puts in evidence theaot

induced by the radiation field knowledge. Indeedsutts TABLE Il. EVENT MULTIPLICITY ISSUED FROM REAL-LIFE EXPERIMENTS AND

FROMMUSCA SEP CALCULATIONS

issued form QARM overestimate (factor ~ 2.2) the
experimental SER while calculations integrating HERS Event type Measurements Calculated event number
spectra are particularly relevant. (SEU/MCU) May 2011 - March 2011 (average value)

It is important to nuance the overestimate I_evmle'ed, the Tscgad i‘;’ 253 ;g:; SES
spectrum deduced from QARM do not take into accahbat MCU 42 SEU 35.4 SEU
induced by the mountain and structures (buildifgd)is can 2 bit 7 events — 50 % 54 %
not justify the overestimate factor, but it canuedl its real 3 bit 3 events- 21 % 22%
level. 4 bit 2 events- 14 % 13.8%

5 bit 1 event- 7 % 6 %
. 6 bit 1levent» 7% 35%
250 1 Measurement -
—— HERMEIS + MUSCA SEP3 e

g 2007~ — QARM*+MUSCASEP3 /// Predicted MCU occurrences are consistent with

E R measurements. However, the experimental statisiEs

% 150 e insufficient for MCU of high multiplicity and canxplain the

B i difference (factor 2 underestimation for a multigl of 6).

% 100 1 /// Furthermore, the 6-event may correspond to a raileré

E e mode such as SEUSs in the peripheral part of theanearray

50 1 e (registers, address decoder ...). Continuous mongas still
Pie on-going and will allow improving these analyses.
0 T

Analyses based-on the spectrum knowledge and MUSCA
SEP3 allow for investigating the neutron energy gean
contribution to SEU and MCU.

B. Resultsobtained in Puno

Experiments in Puno have started in March 2012.
The Fig 8 is particularly interesting becausellbves for  preliminary data allow for investigating the neutftux at two
evaluating the modeling relevance as a functioeveit type positions: outdoors and indoors (plastic and gtas§) where
(SEU or MCU). The comparison between the SEU a@UM the SRAM test platform is operating.
modeling and measurements are very satisfactorye ThTaple Il summarizes the obtained fluxes and alldoss
MUSCA SEP3 approach based-on multi-level descmstio estimating the accelerator factor with respect he NYC
i.e., the radiation field thanks to neutron speotter and the reference.

technology thanks SEE ground tests and analysefhus

juil. sept. nov. janv. mars mai juil. sept.

Date

Fig. 7: Measured and calculated total events (MUSEEP3 using the
HERMEIS spectra and QARM as inputs).

validated. TABLE lll. NEUTRON FLUXES MEASURED INPUNO VS. NYC REFERENCE
70 - Location Neutron Flux Relative to New
—— Measurements - SEU (n/cm2/s) York City
60 1| . .. HERMELS + MUSCA New York City, estimated for
5 SEP3 - SEU == the same perl_od and 0.013 1
£ 50 §| —— Measurements - MCU N conditions, using the
2 - - - 'HERMEIS + MUSCA el EXPACS code [18]
35 07 SEP3- MCU e Puno - external 0.117 +0.011 9
B a0 | ’ Puno - internal 0.098 +0.011 7.5
g 0 .
E 207 R The SEU/MCU measurement board, including SRAM parts
101 e issued from 130 nm and 90 nm technologies, is tioew
3 since March 2012. The Fig. 9 presents respectithly
0 ;

measurements and the calculations issued from MUSCA
SEP3, which take into account the neutron fluxtietato New
York City (see table 1) and the embedded capacities
(respectively 2 Gbit and 704 Mbit).

Integrated fail number are relevant for the 130nm

technology, but insufficient for the 90nm techngld® SEU
MCU results and modeling relevance can be affingd kyith a3 majority of MCU).

juil. sept. nov. janv. mars mai juil. sept.

Date

Fig. 8: Measured and calculated SEU/MCU eventaiiioly the SEU and
MCU events (MUSCA SEP3 using the HERMEIS spectriapsts).

performing multiplicity analyses. Measurements adé a
high proportion of MCU with multiplicity up to sit6 bit-flips
due to a single particle were detected at the sastant in
March 2012). Table Il presents predicted and measawvent

Calculations issued from MUSCA SEP3 are relevantte
130nm. To model the neutron environment, we have
considered respectively the flux level issued frili® neutron
detector measurements and the neutron spectrume shap
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deduced from HERMEIS measurements and analysisiltRes Neutron fluxes relative to New York City and issufedm
presented in Fig. 9 and Fig. 10 show a good agregmecalculations.
particularly when SEU and MCU events are discrindda

Although results are correct for the 90nm technpl@gig. 15E+04 -
9), observed fail event are not sufficient to perfa relevant W Measurement
comparison. However, orders of magnitude are ctamgis .., || odcing (MUSCASERS)
between the Pic-du-Midi and Puno data, and thisfosies
our approach. S 50e+03 |
2o
w
351 ——— SEU + MCU (130nm, 750 Mbit, Puno) 5
»»»»»»»» MUSCA SEP3 ul 6.0E+03 7
30 | ——— SEU + MCU (90nm, 250Mbit, Puno)
N MUSCA SEP3 3.0E+03 1
8 251 '
£
£ 20 0.0E+00
© Pic-du-Midi, 90nm Puno, 90nm Puno, 130nm
8 15 1 technology technology technology
§ Location and technology
>
%’ 10 A Fig. 11: Comparison between the measured and es#éclltotal SER in
- FIT/Mbit for the 90nm and the 130nm devices and tlee both high-
5 altitude locations (Pic-du-Midi and Puno).
0 <= w w w w w Results presented in the Fig 12 allow for identifyisome
mars  avr. mai juin juil. aolit  sept. anomalies, among which the measured and calculdted

Date SER. As previously mentioned, results obtainedttier 90nm
devices are statistically insufficient, but resulidl refine it

Fig. 9. Measured and calculated SEU/MCU eventsisstom 130nm and . L.
over time exposition.

90nm devices located in Puno.

W Measurment (SEU)

35 o 9.0E+03 4 )
——— SEU + MCU (130nm, 750 Mbit, Puno) 0 Modelling (SEU)
MCU (130nm, 750 Mbit, Puno) u MeaSU_rement (MCU)
30 SEU (130nm, 750 Mbit, Puno) 0 Modelling (MCU)

5 o MUSCA SEP3 (SEU + MCU) _ 608403 |
-g ---- MUSCA SEP3 (MCU) g
=] ---- MUSCA SEP3 (SEU) [=
< w
— 20 L
= <
o i
© 15 3.0E+03 1
8
[o))
2 10 -
£

5 pa i S 0.0E+00 +

- . Pic-du-Midi, 90nm Puno, 90nm technology  Puno, 130nm technology
0 rJ technology
T T T T T 1

Location and technology

mars avr. mai juin juil. ao(t sept.
Fig. 12: Comparison between the measured and ebécll SER

bate (distinguishing the SEU and MCU events) for the 80and the 130nm

Fig. 10. Measured and calculated SEU/MCU eventsidticg the SEU and devices and for the both high-altitude locations-{@-Midi and Puno).

MCU events, 130nm devices located in Puno. ] )
The results obtained in Puno for 130 nm SRAMs ane/ v

. . interesting, particularly the difference observest MCU
C. Synthesis of results and cross-comparison events. Indeed, a high multiplicity error certaimlye to the
To synthesize the results, Fig 11 and 12 preseat timpact of a single particle, 6 SEU) was detectedloly 22
calculated and the measured SER (in terms of FITJMband had a significant impact on analyses.
obtained respectively in the Pic-du-Midi and Puib ddso for
both devices. V. CONCLUSION AND PERSPECTIVES
These two figures illustrate the excellence of datued : ;
from Pic-du-Midi, especially for the SEU and MCUalyses. . This work pr(_esents test platforms a_nd experimedeta
Globally, the Fig 11 shows an acceptable agreemvbah all |ssueq from simultaneous and contln_uou_s measur_ement
coupling SEU/MCU and neutron dynamics in high-atte.

events are considered (SEU and MCU). Result btained at th it h h latf
Moreover, cross-comparisons show that 130nm de\dces esults obtained at the sites where he plallormnese w
activated — Pic-du-Midi station and Puno (Peru) ewer

more sensitive to radiation effects than 90nm devi(Puno ] )
presented in details. These coupled measuremerds ar

results), proving also that the radiation fieldPamo is slightly ! ] . . - .
more important than the one at Pic-du-Midi. Thisasformto  integrated in the framework of in two internatiormbjects
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(HARMLESS and DAARES). [91 M. Raine, G. Hubert, M. Gaillardin, P. Paillet, ABournel,
A very gOOd agreement is observed between measaoteme “Implementing Realistic Heavy lon Tracks in a SEEedection Tool:
. . . Comparison Between Different Approaches”, Nucleareice, IEEE

performed at the two considered sites and calauatissued Transactions on, August 2012.
from MUSCA SEP3. Compared to previous worl{10] M. Raine, G. Hubert, M. Gaillardin, P. Paillet, Bournel, A., "Monte
[11][17][18], the relevance is improved and reimnfes the fact Carlo Prediction of Heavy lon Induced MBU Senstjvifor SOI

that the radiation field knowledge is a key issoegdredictive SRAMs Using Radial lonization Profile’, Nuclear &ate, IEEE
Transactions on, december 2011.

approaches on nano-scales devices. In additionultses [11] P. Peronnard, R. Velazco and G. Hubert., “RealdileJ experiments

demonstrate the relevance of modeling for the SEtMCU on 90nm SRAMs in Atmospheric Environment: measures
analyses. predictions done by means of MUSCA SEP3 platfortBEE Trans.
; ; ; _ Nucl. Sci., Vol. 56, No. 6, pp. 3450-3455, Dec020
An important aspect of this work is the end useprgpch. [12] "Correlation of Life Testing to Accelerated Softr@r Testing", H.
Ind_eed' thg SRAM F’Qards are based-on commercidtetv Puchner, IEEE "§ annual SER workshop, San Jose, 2011.
which details are initially unknown. Thus, few SEffound [13] T. Sato and K. Niita, "Analytical functions to pietl cosmic-ray
tests and technological analyses are sufficientdéoelop neutron spectra in the atmosphere”, Radiat. Re.384-555, 2006.
relevant models used in MUSCA SEP3. [14] J.-L. Autran, P. Roche, J. Borel, C. Sudre, K. €sti-Coulié, D.
. . . . . . - Munteanu, T. Parrassin, G. Gasiot, and J.-P. Sikopél "Altitude SEE
As a Condus_mn' h|gh'a|t|t_Ude stations, i.e. the-du-Midi Test European Platform (ASTEP) and First Result€MOS 130 nm
and Puno, dedicated to on-line SEE and neutronuneagnts SRAM", IEEE Transaction on Nuclear Science, VOL., ™NO. 4,

allow for proposing a synergy between SEE measuntsne August 2007. _ ' ' _
radiation field characterizations and SEE modelifigpis [15] Z. Torok, S.P. Platt, X.X. Cai, "SEE-inducing eff@of cosmic rays at

titut | t t luate #md the High-Altitude Research Station Jungfraujoch pared to
synergy consttutes a relevant way 1o evaluate accelerated test data", RADECS 2007, 9th Europegnfie@znce on.

investigate the SEE trends for nano-scales devie@sl [16] Chadwick M.B., Normand E., “Use of New ENDF/B-VIdeon and
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