HEAVY ION
TEST REPORT

SINGLE EVENT EFFECTS
EMDA4EO01G
1Gb Non-Volatile ST-DDR4 Spin-transfer
Torque MRAM
From
Everspin Technologies

TRAD/TI/EMDA4EO11G/XXX1/ASI/PC/2203 Labége, March 20™", 2024
TRAD

Id A/ ' 907 voie 'occitane - 31670 Labége FRANCE

afao Tel: +33 5 61 00 95 60

Tosts & radlatlons Email: trad@trad.fr Web site: www.trad.fr
SIRET 397 862 038 00056 - TVA

FR59397862038
Written by Quality control by Approved by
P. CHAGNY A. AL YOUSSEF B. VANDEVELDE
Revision: 0 First issue 20/11/2023
Revision: 1 SEU per bit cross section added to the report
Revision: 2 MBU distribution added
To: A. BERNE

Company: THALES ALENIA SPACE TOULOUSE


mailto:trad@trad.fr
http://www.trad.fr/

-

\\‘

’l"” HEAVY ION TEST REPORT
‘ l‘ / Single Event Effects
Tests & rad|at|ons EMDA4EQ01G
CONTENTS
FAN o] o1 g AV YA To] a T3 [ o I Tl o 0 1Y/ o -SSR 4
P o 1] 1 = [ AP PP PPPPPPPPPPPPPRS 5
I [ o Yo [0 Tt of o TN 6
B B o Yol U [ 0 0 1=] o] N 6
2 B o To] [ ot | o] LW [o Yol U ' 1= ) £ ST 6
2.2. Reference dOCUMEBNTS ...ccooiiiiiiiiiiee 6
3. 0rganization Of @CHIVITIES ..icuieii i s ee e e e ee e e e nanees 6
o T o 0] o] a0 g = £ o] o [P URRPTT 7
B D 1V ol N o LY Yol T o d o SRR 7
B [ 1=Y oY ]  or=Y 4 [o] s IP PR RRTT 7
4.3, Procurement iNFOIMATION .ocuuvveeiiie ittt e e e e et r e e e e e eeebabaeereeeeeseessbeeeeeeeeeas 7
Y- Ya Yo Ll o <Y o X =Y o ] o SRR 7
Y= Y01 Y o] L=l o] (ot ([ <Ly 8
N R o (=] 4 a - VA (1SRRI 8
5. Dosimetry and irradiation faCility.......ccueeiieiiiii i e 9
5.1. RADEF heavy ion test facility ....cc.ceeieciieeccceeee et e e e e e e aaeea s 9
5.2 DOSIMBE Y e 9
5.3, BEAM CharaCterISTICS oooiiiiiiiiiiiiiiii e 9
6. TeSt ProCeAUIrE AN SELUD ..uviiiiiiiiiee ittt e et e e sttt e e e st e e e e s bte e e s sbeeeeesbteeeessstaeeesasseeessassneessnns 10
B.1. TEST METNOA ... 10
I A TSy o o g ol o L= PRSP 10
o A Y oL I =Ty A oY o T ol o USRS 10
o A Y oL 2 1S o T T ol o LSS 11
L0 T TS o o 1= ol e [Tl T 1 4[] o IR 13
6.3.1. TEST DENCN OVEIVIEW ..ottt e et re e e e e e e eesatbaaee e e e e e e atsbaeaeeaeeeesnsrneeens 13
6.3.2. HEATING SYSTOIM ..ttt e s s st e e e s s s s st a e e e e e s s ssatbbaeeeessessnsssneees 13
6.3.3. Test equipmMeNt ideNtifiCation .......cccuiiiieciiie e e aaee s 14
(ORI B =TS ol oo =T o e (=YYl T o) o o PR 14
6.3.5. Test conditions and event detection thresholds..........oooouveeeiiiiiiiciiiieeeeceeee e, 16
7 TS S O Y e 16
I N o W to) a1 o] 04 = a1 < 16
LS IR YT U T 17
.1, TEST FUN SUMIMIAIY i iiiieiiieiee e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e aeaaaaaaaeas 18
L IR S0 0 [0 Y =T W [o 1= = o] [ 19
Lo T T o I T A =L U1 (SR 20
1o 0 0 Y = I I8 o Y =T o) o R 20
1o T8 T ] = ol o 1YY= Tl o] [ PUPN 20
9.4, SEU 1ESE FESUIES ...eieiireeiiee ettt e e e et e e e e e e e s abbbeeeeeeeeessssbbbaseeeseeesassrssasesesesesnssrraneens 21
1o 20 Y =L U = B o o T =1 Vo [ IR USRS PUURRRRRPR 21
1o IR Y = U o] 0 1KY Yo o ] 3 PUPRN 21
9.5, IMIBU t8ST FESUILS ...uvtvviiiieieeeeiireeee ettt eeee bbb e e e e e eesebbbeeeeeeeeeenssbsbaeeeeeeeesasstsaasesesesesnssrraneens 25
9.5.1. MBU LET thr@Shold......ccooiiriieiee ettt ettt e e aaba e e e e e e e e seatbberaeeeeeeennsrneeens 25
1S BT Y1210 Il o T =T or f [0 o [ PPN 25
9.6, SEFI tESE FESUILS .nvvvireiieeeee ettt eetree e e e e e erbb b e e e e e e e e s abbbeeeeeeeeeessstsbaseeeeeeesasssranseeeeesesnssrranees 28
1o B Y = o o I o o T =T Vo e IR PUTURRRRPR 28
1o I ST Y =t o W of o T T Lot o] o PPN 28
9.7, BUISE ST MESUILS oo 30
9.7.1. BUrst LET threshold ... 30
1o D - 1015 o of o T Yot f Lo o PPN 30
O TR @0 a Tl 610 o TS 32

TRAD - 907 voie I'occitane 31670 Labége FRANCE
Tel: +33 5 61 00 95 60. Email: trad@trad.fr
2/32



\\\‘

’  / ’ HEAVY ION TEST REPORT Ref: TRA
‘ / Single Event Effects Date: M

Tests & radlatlons EMDA4E001G Rev: 2

FIGURES
Figure 1: Pictures Of the PaCKage .. ..uuii it s e e s are e e e e sabee e e e nanes 8
FIUIE 2: RADEF faCility....veeiieiiiieiiiiie ettt et e e et e e s st be e e s s nbeeessaraaessnnbeaessnnes 9
Figure 3: COmMmMON SEL CharaCteriStiC . ..cuuuiiiiiiiei ettt e e e e e s sree e e s e e e e eanes 10
Figure 4 : SEL TSt FIOW DIaglram.....uciiiciieeeiiiiee s eeiiee e erttee e sttt e e sstte e e sevee e s ssabeee s ssabeeessnbeeeesnssenesssnseeessnnsens 11
Figure 5 : Read only mode Test FIOW Diagram. .....ccciiieiiieiiiiiieeceites e csitee s erieee e ssvee et e e e svee e s ssbee e s e e 12
Figure 6 : Check Memory FIOW DIagram. .....ccceiiiiciieee e eciiee e ssitee e esee e sstee e s sbee e s ssbee e e ssabeee s snbeaessnnes 12
Figure 7: Test beNCh deSCriPtion ......ciiiiiiii e e e e e e e s sabe e e s s s beeesenarees 13
Figure 8: Thermal image of EMDA4EOQ11G heated 10 85°C ........ciiiiiiiiiiciiee ettt et e et e et e e 13
Figure 9: Test board SChemMatiC 1/3......cccuiiiiieeciee ettt et et e ete e e etee e s be e e ebeeeeabeeebeeesareeens 14
Figure 10: Test board SChEMATIC 2/3.....cuii ittt ettt e et e e ete e e s be e e ebeeesabeeebeeesareeens 15
Figure 11: Test board SChEMATtIC 3/3 .. .ccuii ettt ettt e e te e et e e s bee e beeesabeeebeeesareeens 15
Figure 12: EMD4EO01G SEU cross section curve in SEU_READ test configuration.........ccccoceveeeecieeecennee, 21
Figure 13: EMD4EO01G SEU cross section curve in SEU_WR test configuration .........ccccceeeecveeiecieee e, 22
Figure 14: EMD4EO01G SEU per bit cross section curve in SEU_READ test configuration ........................ 23
Figure 15: EMD4EO01G SEU per bit cross section curve in SEU_WR test configuration ............ccccee....e. 24
Figure 16: EMD4E001G MBU cross section curve in SEU_READ test configuration ..........ccccceeevevieeenneee. 25
Figure 17: EMD4EO01G MBU cross section curve in SEU_WR test configuration .........ccccceeeveeivciieneennee. 26
Figure 18: EMD4EOO01G SEFI cross section curve in SEU_READ test configuration.........cccceecveeiveivenennnen, 28
Figure 19: EMD4EOO01G SEFI cross section curve in SEU_WR test configuration..........ccccceeevveeiviien e, 29
Figure 20: EMD4EO01G Burst cross section curve in SEU_READ test configuration..........ccccccceeveiveeennnnen. 30
Figure 21: EMD4EOO01G Burst cross section curve in SEU_WR test configuration........ccccceecveeivcieeninnnee, 31
TABLES
Table 1: Organization Of @CtiVItIES ....cicciiii i e e e e e sare e e esereee s 6
Table 2: Part identifiCation .....oouei ittt ettt et et e e sbe e e nare s 7
Table 3: Part procurement informMation ..........ooi e raaree s 7
Table 4: RADEF hEaVy i0N ST ..ciiiuiiiiiciiie ettt ettt e e e e st e e s saeae e e snsaeeessnsaeeeennsreeean 9
TADIE 5: TEST IMOTES ...ttt ettt et e s bt e sabe e s bt e e sabe e s bt e sbbeesabaeesabeesabeessaeesabeesnnseenns 11
Table 6: EQUIpMENt identification .......c..ueiiiiiiiice e e e e s e 14
Table 7: SEL test conditions and detection thresholds .............coieiriiiiniiiiiii e 16
Table 8: SEE test conditions and detection thresholds ..o 16
Table 9: EMDAEOOLG teSt rUN tADIES ..ccuveieeiiecieecee ettt ettt e e stte e s e e e s sae e steesneeessbeessnseeens 18
Table 10: CuMUIGted dOSE aDIE.....c...iieiieeeee e e e et e s re e st e e ree e sbeeesnaeeen 19
Table 11: EMD4EO01G SEL cross section values in SEL test configuration ..........ccccceeeeiieeieiiee e, 20
Table 12: EMD4EO01G SEU cross section values in SEU_READ test configuration..........cccocevveeeecvieeeennee. 21
Table 13: EMD4EO01G SEU cross section values in SEU_WR test configuration.........cccccceeecviveeecvieecennee, 22
Table 14: EMD4EO01G SEU per bit cross section values in SEU_READ test configuration ....................... 23
Table 15: EMD4EQO01G SEU per bit cross section values in SEU_WR test configuration ............cc.c......... 24
Table 16: EMD4E001G MBU cross section values in SEU_READ test configuration ...........cccceeeeevieeennnee. 25
Table 17: EMD4E001G MBU cross section values in SEU_WR test configuration ..........cccceceveeeecveeeeennee. 26
Table 18: EMD4EO01G Test runs MBU distribution ........coovviiiiiiiiiiiiiieccec e 27
Table 19: EMD4EQ01G Test runs MBU distribution ........oocueeviiiiiiiiniiiiieic et 27
Table 18: EMD4EOO01G SEFI cross section values in SEU_READ test configuration.........ccccoccveeeeciveeennnen. 28
Table 19: EMD4EOO01G SEFI cross section values in SEU_WR test configuration.........ccccccevevveeiccieeeeenen, 29
Table 20: EMD4EOO01G Burst cross section values in SEU_READ test configuration..........ccccceveevieeennnen. 30
Table 21: EMD4EOO01G Burst cross section values in SEU_WR test configuration..........ccccocevveeieciieeennnen, 31

TRAD - 907 voie I'occitane 31670 Labége FRANCE
Tel: +33 5 61 00 95 60. Email: trad@trad.fr
3/32



’ V ‘ HEAVY ION TEST REPORT
/ Single Event Effects

Tests & radlatlons EMDA4E001G

2 AEICo com?e” ‘

Abbreviations and acronyms
DUT Device Under Test
LET Linear Energy Transfer
MBU Multiple Bit Upset
RADEF RADiation Effects Facility (Jyvaskyla, Finland)
SEE Single Event Effect
SEFI Single Event Functional Interrupt
SEU Single Event Upset
TAS THALES ALENIA SPACE (Toulouse, France)
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Abstract

The main objective of this test was to evaluate the sensitivity of the EMD4E011G, a 1Gb Non-Volatile
ST-DDR4 Spin-transfer Torque MRAM versus SEL, SEU, MBU, Burst and SEFI.

The irradiation was performed at RADEF with a maximum LET of 39.48 MeV.cm?/mg.

The main conclusions are the following.

The SEL test was performed under SEL test conditions (see Table 7).

In SEL test configuration
No SEL was observed with LET of 39.48 MeV.cm?/mg, Krypton heavy ion.

The SEU test was performed under SEE test conditions (see Table 8).

In SEU_READ test configuration
SEU were observed with a minimum LET of 1.4 MeV.cm?/mg, Oxygen heavy ion.
No lower LET was tested during this test campaign.

MBU were observed with a minimum LET of 23.6 MeV.cm?/mg, Iron heavy ion.
No MBU was observed with LET of 1.4 MeV.cm?/mg, Oxygen heavy ion.

BURST were observed with a minimum LET of 1.4 MeV.cm?/mg, Oxygen heavy ion.
No lower LET was tested during this test campaign.

SEFI were observed with a minimum LET of 1.4 MeV.cm?/mg, Oxygen heavy ion.
No lower LET was tested during this test campaign.

In SEU_WR test configuration
SEU were observed with a minimum LET of 1.4 MeV.cm?/mg, Oxygen heavy ion.
No lower LET was tested during this test campaign.

MBU were observed with a minimum LET of 23.6 MeV.cm?/mg, Iron heavy ion.
No MBU was observed with LET of 1.4 MeV.cm?/mg, Oxygen heavy ion.

BURST were observed with a minimum LET of 1.4 MeV.cm?/mg, Oxygen heavy ion.
No lower LET was tested during this test campaign.

SEFI were observed with a minimum LET of 1.4 MeV.cm?/mg, Oxygen heavy ion.
No lower LET was tested during this test campaign.
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1. Introduction

This report includes the test results of the heavy ion SEE test sequence carried out on the EMD4EQ01G, a
1Gb Non-Volatile ST-DDR4 Spin-transfer Torque MRAM from Everspin Technologies, susceptible to show
SEL, SEU, MBU, burst and SEFI induced by heavy ions.

This test was performed for TAS at RADEF. Irradiations were performed on October the 26, 2023. During
this test campaign, 2 samples were irradiated.

2. Documents

2.1. Applicable documents

[AD1] Technical proposal: TRAD/P/ASI/E-OSIP/DS/011021 Rev0 dated 09/02/2022
[AD2] Irradiation test plan: ITP_TRA TI_EMD4E001_ASI 020323 Rev0

2.2. Reference documents

[RD1] ESCC Basic specification No. 25100 Issue 2 of October 2014
[RD2] Datasheet: EMD4EO01GAS2, Rev. 1.2 by Everspin Technologies dated August 2020

3. Organization of activities

The devices were procured by TAS to TRAD. The samples were delidded by TRAD. The testing board and
testing software were developed by TRAD. Before the campaign the samples were checked-out and the
test bench was validated at TRAD. The test campaign was performed by TRAD. The next table summarizes
the responsible entity for each activity involved in this project:

1 Procurement of Test Samples TAS

2 Preparation of Test Samples (delidding) TRAD
3 Preparation of Test Hardware and Test Program | TRAD
4 Samples Check out TRAD
5 Accelerator Test TRAD
6 Test Report TRAD

Table 1: Organization of activities
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4. Parts information

4.1. Device description

The ST-DDR4 device is a high-speed non-volatile random-access memory internally configured as sixteen
banks (4 bank groups with 4 banks for each bank group) for x8 devices, and eight banks for each bank
group (2 bank groups with 4 banks each) for x16 devices. The device uses double data rate (DDR)
architecture to achieve high speed operation

4.2. Identification

Part designation EMD4EQ01G
Manufacturer Everspin Technologies
Part function 1Gb Non-Volatile ST-DDR4 Spin-transfer Torque MRAM

Table 2: Part identification

4.3. Procurement information

Package FBGA-96

Date code T002140

Number of tested parts | 2 irradiated samples

Table 3: Part procurement information

4.4. Sample preparation

20 parts were delidded, 16 samples have been damaged during this operation.
A functional test was performed on delidded samples to check that devices were not degraded by the
delidding operation.

Among the 4 delidded samples available for the test campaign, 2 were irradiated and 2 were not used.

TRAD - 907 voie I'occitane 31670 Labége FRANCE
Tel: +33 5 61 00 95 60. Email: trad@trad.fr

7/32



’ V ’ HEAVY ION TEST REPORT
‘ / Single Event Effects

Tests & radlatlons EMDA4E001G

2 AEICO comPe y

4.5. Sample pictures

4.5.1. External view

The Figure 1 shows an external view of the parts. Left and right pictures are respectively the top and the
bottom views of the package.

EMDAE00161662+150CAS2

& 1002140

Flgure 1: P|ctures of the package
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5. Dosimetry and irradiation facility

5.1. RADEF heavy ion test facility

The cyclotron used is a versatile, sector-focused accelerator for
producing beams from hydrogen to xenon.

Heavy ion irradiations are performed in a vacuum chamber with an
inside diameter of 75 cm and a height of 81 cm. The vacuum in the
chamber is achieved after 5 minutes of pumping, and venting takes also
only a few minutes. Irradiations can also be performed in air, therefore
the LET and the range is calculated according the distance between the
collimator and the component.

The components can be fixed on a 25x25cm? aluminium plate which
will be mounted on the linear movement apparatus inside the
chamber. The DUT can be moved in the X and Y directions and also
tilting is possible.

Figure 2: RADEF facility

A CCD camera with a magnifying telescope is located at the other end of the beam line to determine
accurate positioning of the components. The coordinates are stored in the computer’s memory allowing
fast positioning of various targets during the test.

5.2. Dosimetry

To control and monitor the beam parameters, scintillation plastics connected to photomultiplier tubes
are used as detectors. Four of such kinds of detectors are very close and placed around the edges of
the beam. Detector can be moved to the front of the DUT and evaluate flux and homogeneity.

The spot size is 2 cm? and for special cases up to a diameter of 70 mm in vacuum. The Spot
Homogeneity is + 10 %

5.3. Beam characteristics

The beam flux is variable between a few particles
stem? and 1.5E+4 slcm™ and is set depending
on the device sensitivity. On special request, the

users have the possibility to increase the flux up lon Energy S EffeCt'Vez LET
t0 1E46 slem2 (MeV) (um(Si)) | (MeV.cm?/mg)
e , , 83K 29+ 1826 274 39.5
Characteristics of heavy ions available at RADEF —— 536
during the test campaign are listed in Table 4 Fe 1254 283 :
- : : 708+ 374 797 1.4
where heavy ions used for this test campaign are

highlighted. Table 4: RADEF heavy ion list

The tests on EMD4EO01G are performed in
vacuum, therefore the LET and range are
calculated according to 250um of substrate, if
there is one, and the distance between
collimator and the component.
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6. Test procedure and setup

6.1. Test method

With respect to reference documents (see 2 Documents), runs were performed:
e Up to afluence of 1E+7 cm™ with only SEL monitoring.
e Up to afluence of 1E+6 cm™ for the SEU, MBU, Burst and SEFI detection.

6.2. Test principle

6.2.1. SEL test principle

A SEL is a permanent event that results from the activation of a parasitic thyristor structure creating low
impedance conduction path in the device. The consequent high current can potentially damage the
device, possibly even leading to its destruction due to overcurrent. A power cycle is required to correct
this situation.

GeV is a specific equipment developed by TRAD to protect the DUT and to perform SEL characterization.
The power supply is applied to the DUT through GeV which protects the DUT against over consumption.
Indeed, GeV continuously monitors and records the current. A programmable threshold current is set
above the nominal operating value of the supply current. During irradiations, if the current consumption
exceeds the threshold during a defined “hold time”, a SEL is counted and the DUT is switched off during a
defined “off time”. Once the event is defused, the power supply is switched ON again with the nominal
current consumption expected.

Figure 3 shows a common SEL characteristic, with and without the GeV system protection.

?
SEL o=
Thermal Run-Away -
lcc A /
—
- = GeV system current threshold (GeV Th.)
~~~~~~ Nominal current (Nom. Cur.)
= Current consumption with the GeV system
—— Current consumption without the GeV system
GeVTh, L e e I S
Nom. Cur. A T S T e
! T. hold (hold time) = 1ms
| T. off (off time) = Tms
- » Time
T. hold T. off

Figure 3: Common SEL characteristic

The SEL test was performed under SEL test conditions (see Table 7).
TRAD uses a dedicated system to heat and regulate the DUT temperature. The temperature is visualized
and regulated from outside of the vacuum chamber during the irradiation.
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6.2.2. SEE test principle

SEU, MBU, Burst and SEFI tests were performed under other SEE test conditions (see Table 8: SEE test
conditions and detection thresholds).

The SEU/Burst/SEFI detection is ensured by the FPGA, driven by the remote computer. The memory is
continuously read back and data are compared to the expected data set contained in the FPGA. There are
three types of events recorded during this test:

SEU: Any mismatch of data reading with expected data is at first considered to be a SEU and the
data is sent to the computer. A counter is incremented accordingly. This process is repeated from
address 0 to the last address of the memory. An SEU is an isolated upset in the data array of a
memory. At normal flux under beam (until 5000 part./s.cm?), the number of SEUs induced by
heavy ions in the memory should not exceed a few events (less than 10 events).

MBU: An MBU is detected when several bits change from state 0 to 1 or from state 1to 0 in a
single word.

Burst: If the SEU/MBU error counter reach more than 10 events and less than 500 events of SEU
before the last address is reached, then a Burst is considered.

SEFI: If the error counter reach more than 500 events of SEU before the last address is reached,
then a SEFl is considered and a power cycle is applied to the memory.

A checkerboard pattern “AAAA/5555"” was written in the memory before the start of irradiation. Two test
modes were performed during this test campaign as listed in Table 5.

Test Mode Test Sequence

SEL

Read loop, without feedback of erroneous data. SEU/SEFI detection is bypassed.

Read Only Read loop with SEU/MBU/SEFI detection during irradiation.

Table 5: Test Modes

The following diagrams represent the different test modes available for the test campaign.
During the SEL test, the memory is read continuously as represented in Figure 4, but its content is ignored.
The test bench only checks the presence of latch-up on the power supplies. This functionality is ensured

by GeV.

Power sequence }—)| Write full memary }—) Irradiation Start

Y

o[

Figure 4 : SEL Test Flow Diagram.

In Read only, read operations occurs on the DUT, during irradiation. If an event occurs, the test bench
tries to correct the data, implying write operation. Check Memory function is described in Figure 6.
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Figure 5 : Read only mode Test Flow Diagram.

Figure 6 : Check Memory Flow Diagram.
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6.3. Test bench description

6.3.1. Test bench overview

Figure 7 provides a global view of the test bench. It is composed by:

= A computer to control the test equipment and to record the SEE.

= A ZCU104 board to bias and operate the DUT (schematic is shown in Figure 11).
= A power supply for the DUT and auxiliary components.

= A GeV System to protect the DUT, detect and record SEL.

Power supply
——

Supply Current &
Thermal recording

Thermal Control Power Supply

—-— —-—
- =~
P ~
~
Irradiation Chamber \

TRAD

Tests & radiations
endae

/

85°C (SEL) [— R:
Ambient T° (SEE)

\ Heavy ion beam

PR \
Communication Bus \
— ~
Power supply ~

~ -
“———’

Figure 7: Test bench description

6.3.2. Heating system

TRAD has developed a specific heating system to heat and regulate the temperature of the DUT. Figure 8
shows a thermal image taken during the heating calibration of the DUT, the temperature of the die was
set to 85°C as shown on the picture.

Figure 8: Thermal image of EMD4E011G heated to 85°C
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6.3.3. Test equipment identification

ZCU104 XILINX
TEST BOARD TRAD/TA1/I/EDM4E011G/BGA96/PC/2205
EQUIPMENT GeV8, ZCU104, SM-89
EMD4EO11G_TI_XXX1_bi_V10.zip
TEST PROGRAM EMD4EO11G_TI_XXX1_bi_V10.llb

Table 6: Equipment identification

6.3.4. Test board description

The TRAD test board schematic referenced “TRAD/TA1/EMD4E011G/BGA96/PC/2205” is illustrated in
Figure 11.

1 2 3 1 s 3 7 1

TITLE : SST-DDR4
CUSTOMER : ASI

(OUT R

e L. L

l1 IMI LOUTRWEL

= g

T Tt

11 IILFI

= 23 5

| I i
Ilw
x Be0ace
. U
T B
@n Rots
=
T
o

Figure 9: Test board schematic 1/3
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Figure 11: Test board schematic 3/3
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6.3.5. Test conditions and event detection thresholds

SEL test
EMDA4E001G
VDD vDDQ VPP VREFCA
Voltage 15V 15V 3.0V 0.75
Inominal 5mA 120 mA 10 mA 1 mA
lthreshold 100 mA | 300 mA 50 mA 10 mA
Thold 1ms 1ms 1ms 1ms
Teut off 7 ms 7 ms 7 ms 7 ms
Temperature 85°C
Table 7: SEL test conditions and detection thresholds
SEE test
EMDA4E001G
VDD vDDQ VPP VREFCA
Voltage 1.2V 1.2V 25V 0.6
Inominal 5mA 120 mA 10 mA 1 mA
lthreshold 100 mA | 300 mA 50 mA 10 mA
Thold Ims Ims 1ms Ims
Teut off 7ms 7ms 7 ms 7 ms
Temperature Ambient

Table 8: SEE test conditions and detection thresholds

7. Test story

No atypical behaviour during the test to report.

8. Non conformance

Test sequence, test and measurement conditions were nominal.
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9. Results

In this chapter are presented the SEE test results.

First, test runs summary tables provides details of the runs performed during this campaign, their
parameters and results.

Then, for each event type are given their corresponding LET threshold, cross section and worst cases when
it is applicable.

On the cross section curves are plotted their corresponding error bars.

The following formulas is used to calculate these error bars. It can be found in ESCC Basic specification
No. 25100.

6F
60 X F = J(6Nevents)2 + (Nevents X F)Z

- Fisthe fluence

- o= Nevents/ F

- 8F/Fis the uncertainty on the measured fluence (+10%).

- ONeventsis the variance on the measured number of events.

Assuming that SEE events are random, the probability of events follows a Poisson distribution. The
variance on the number of events is calculated from the chi-square distribution for a given confidence
level. In this test report, we used a confidence level of 95%.
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9.1. Test run summary

BURST SEU_bit
Test T Energy Eff. LET Eff. Range| Flux (o) Time | Run Fluence | Run Dose | Cumulated g2k C.ross 24 Qross g2 Qross Y Qross Cross 5 Cross
Run . . Part | lon " 21 2. SEL Section SEFI Section SEU Section MBU Section BURST ; SEU_bit ;
configuration (°C) (MeV) [ (MeV.cm?mg) | (um Si) (cm™.s™) (s) (cm™) (krad) |Dose (krad) Section Section
(cm?) (cm?) (cm?) (cm?) (cm?) (cm?
1 SEL 1 85 | 83 Kr 29+ 1826 39.5 274.0 1.01E+04 986 1.00E+07 6.32 3.92 0 <1.00E-07 0 <1.00E-07 0 <1.00E-07 0 <1.00E-07 0 <1.00E-07 0 <1.00E-16
2 SEU_READ 1 [AMB]| 83 Kr 29+ 1826 39.5 274.0 1.07E+03 935 1.00E+06 0.63 4.31 0 <1.00E-06 8 8.00E-06 234 2.34E-04 6 6.00E-06 29 2.90E-05 | 5.44824E-08 | 5.45E-14
3 SEU_READ 1 |AMB| 83 Kr 29+ 1826 39.5 274.0 8.45E+03 1184 1.00E+07 6.32 8.23 = -
4 SEU_READ 2 |AMB| 83 Kr 29+ 1826 39.5 274.0 2.14E+03 467 1.00E+06 0.63 0.39 0 <1.00E-06 8 8.00E-06 143 1.43E-04 0 <1.00E-06 17 1.70E-05 | 3.32948E-08 | 3.33E-14
5 SEL 2 85 | 83 Kr 29+ 1826 39.5 274.0 1.92E+04 520 1.00E+07 6.32 4.31 0 <1.00E-07 0 <1.00E-07 0 <1.00E-07 0 <1.00E-07 0 <1.00E-07 0 <1.00E-16
6 SEU_READ 2 _|AMB| 57 Fe 20+ 1254 23.6 283.0 1.90E+03 1052 2.00E+06 0.75 4.74 0 <5.00E-07 7 3.50E-06 437 2.19E-04 4 2.00E-06 43 2.15E-05 | 1.01747E-07 | 5.09E-14
7 SEU_WR 2 _|AMB| 57 Fe 20+ 1254 23.6 283.0 1.57E+03 638 1.00E+06 0.38 4.95 0 <1.00E-06 7 7.00E-06 55 5.50E-05 0 <1.00E-06 11 1.10E-05 | 1.28057E-08 | 1.28E-14
8 SEU_READ 1 [AMB| 57 Fe 20+ 1254 23.6 283.0 1.30E+03 767 1.00E+06 0.38 8.44 0 <1.00E-06 5 5.00E-06 248 2.48E-04 35 3.50E-05 23 2.30E-05 5.7742E-08 5.77E-14
9 SEU_WR 1 |AMB| 57 Fe 20+ 1254 23.6 283.0 2.05E+03 488 1.00E+06 0.38 8.66 0 <1.00E-06 4 4.00E-06 54 5.40E-05 3 3.00E-06 11 1.10E-05 | 1.25729E-08 | 1.26E-14
10 SEU_READ 1 |AMB| 1706+ 374 14 797.0 1.02E+04 490 5.00E+06 0.11 8.78 0 <2.00E-07 1 2.00E-07 15 3.00E-06 0 <2.00E-07 0 <2.00E-07 | 3.49246E-09 | 6.98E-16
12 SEU_WR 1 [AMB| 1706+ 374 1.4 797.0 1.16E+04 431 5.00E+06 0.11 8.90 0 <2.00E-07 1 2.00E-07 74 1.48E-05 0 <2.00E-07 5 1.00E-06 | 1.72295E-08 | 3.45E-15
13 SEU_READ 2 |AMB| 1706+ 374 1.4 797.0 1.32E+04 379 5.00E+06 0.11 5.07 0 <2.00E-07 3 6.00E-07 49 9.80E-06 0 <2.00E-07 4 8.00E-07 | 1.14087E-08 | 2.28E-15
14 SEU_WR 2 |AMB| 1706+ 374 1.4 797.0 1.32E+04 379 5.00E+06 0.11 5.19 0 <2.00E-07 1 2.00E-07 20 4.00E-06 0 <2.00E-07 1 2.00E-07 | 4.65661E-09 | 9.31E-16
MBU 2 bits MBU 3 bits MBU 4 bits MBU 5 bits MBU 6 bits MBU 7 bits MBU 8 bits
Run Test Part T - Energy Eff. LET Eff. Range| Flux (@) Time | Run Fluence | Run Dose | Cumulated [ MBU 2 Cross MBU 3 Cross MBU 4 Cross MBU 5 Cross MBU 6 Cross MBU 7 Cross MBU 8 Cross
configuration (°C) (MeV) | (MeV.cm?mg) | (um Si) (cm?s™) (s) (cm?) (krad) [Dose (krad) bits Section bits Section bits Section bits Section bits Section bits Section bits Section
(cm?) (cm?) (cm?) (cm?) (cm?) (cm?) (cm?)
1 SEL 1 85 | 83 Kr 29+ 1826 39.5 274.0 1.01E+04 986 1.00E+07 6.32 3.92 0 <1.00E-07 0 <1.00E-07 0 <1.00E-07 0 <1.00E-07 0 <1.00E-07 0 <1.00E-07 0 <1.00E-07
2 SEU_READ 1 |AMB]| 83 Kr 29+ 1826 39.5 274.0 1.07E+03 935 1.00E+06 0.63 4.31 6 6.00E-06 0 <1.00E-06 0 <1.00E-06 0 <1.00E-06 0 <1.00E-06 0 <1.00E-06 0 <1.00E-06
3 SEU_READ 1 |AMB| 83Kr29+ | 1826 39.5 274.0 8.45E+03 1184 1.00E+07 6.32 8.23
4 SEU_READ 2 [AMB]| 83 Kr 29+ 1826 39.5 274.0 2.14E+03 467 1.00E+06 0.63 0.39 0 <1.00E-06 0 <1.00E-06 0 <1.00E-06 0 <1.00E-06 0 <1.00E-06 1 1.00E-06 0 <1.00E-06
5 SEL 2 85 | 83 Kr 29+ 1826 39.5 274.0 1.92E+04 520 1.00E+07 6.32 4.31 0 <1.00E-07 0 <1.00E-07 0 <1.00E-07 0 <1.00E-07 0 <1.00E-07 0 <1.00E-07 0 <1.00E-07
6 SEU_READ 2 _|AMB| 57 Fe 20+ 1254 23.6 283.0 1.90E+03 1052 2.00E+06 0.75 4.74 4 2.00E-06 0 <5.00E-07 0 <5.00E-07 0 <5.00E-07 0 <5.00E-07 0 <5.00E-07 0 <5.00E-07
7 SEU_WR 2 _|AMB| 57 Fe 20+ 1254 23.6 283.0 1.57E+03 638 1.00E+06 0.38 4.95 0 <1.00E-06 0 <1.00E-06 0 <1.00E-06 0 <1.00E-06 0 <1.00E-06 0 <1.00E-06 0 <1.00E-06
8 SEU_READ 1 |AMB| 57 Fe 20+ 1254 23.6 283.0 1.30E+03 767 1.00E+06 0.38 8.44 35 3.50E-05 0 <1.00E-06 0 <1.00E-06 0 <1.00E-06 0 <1.00E-06 0 <1.00E-06 0 <1.00E-06
9 SEU_WR 1 |AMB| 57 Fe 20+ 1254 23.6 283.0 2.05E+03 488 1.00E+06 0.38 8.66 3 3.00E-06 0 <1.00E-06 0 <1.00E-06 0 <1.00E-06 0 <1.00E-06 0 <1.00E-06 0 <1.00E-06
10 SEU_READ 1 |AMB| 1706+ 374 14 797.0 1.02E+04 490 5.00E+06 0.11 8.78 0 <2.00E-07 0 <2.00E-07 0 <2.00E-07 0 <2.00E-07 0 <2.00E-07 0 <2.00E-07 0 <2.00E-07
12 SEU_WR 1 [AMB| 1706+ 374 14 797.0 1.16E+04 431 5.00E+06 0.11 8.90 0 <2.00E-07 0 <2.00E-07 0 <2.00E-07 0 <2.00E-07 0 <2.00E-07 0 <2.00E-07 0 <2.00E-07
13 SEU_READ 2 [AMB| 1706+ 374 14 797.0 1.32E+04 379 5.00E+06 0.11 5.07 0 <2.00E-07 0 <2.00E-07 0 <2.00E-07 0 <2.00E-07 0 <2.00E-07 0 <2.00E-07 0 <2.00E-07
14 SEU_WR 2 |AMB| 1706+ 374 14 797.0 1.32E+04 379 5.00E+06 0.11 5.19 0 <2.00E-07 0 <2.00E-07 0 <2.00E-07 0 <2.00E-07 0 <2.00E-07 1 2.00E-07 0 <2.00E-07
MBU 9 bits MBU 10 bits MBU 11 bits MBU 12 bits MBU 13 bits MBU 14 bits MBU 15 bits MBU 16 bits
MBU 9 Cross MBU 10 Cross MBU 11 Cross MBU 12 Cross MBU 13 Cross MBU 14 Cross MBU 15 Cross MBU 16 Cross
bits Section bits Section bits Section bits Section bits Section bits Section bits Section bits Section
(cm?) (cm?) (cm?) (cm?) (cm?) (cm?) (cm?) (cm?)
0 <1.00E-07 0 <1.00E-07 0 <1.00E-07 0 <1.00E-07 0 <1.00E-07 0 <1.00E-07 0 <1.00E-07 0 <1.00E-07
0 <1.00E-06 0 <1.00E-06 0 <1.00E-06 0 <1.00E-06 0 <1.00E-06 0 <1.00E-06 0 <1.00E-06 0 <1.00E-06
0 <1.00E-06 0 <1.00E-06 0 <1.00E-06 0 <1.00E-06 0 <1.00E-06 0 <1.00E-06 0 <1.00E-06 0 <1.00E-06
0 <1.00E-07 0 <1.00E-07 0 <1.00E-07 0 <1.00E-07 0 <1.00E-07 0 <1.00E-07 0 <1.00E-07 0 <1.00E-07
0 <5.00E-07 0 <5.00E-07 0 <5.00E-07 0 <5.00E-07 0 <5.00E-07 0 <5.00E-07 0 <5.00E-07 0 <5.00E-07
0 <1.00E-06 0 <1.00E-06 0 <1.00E-06 0 <1.00E-06 0 <1.00E-06 0 <1.00E-06 0 <1.00E-06 0 <1.00E-06
0 <1.00E-06 0 <1.00E-06 0 <1.00E-06 0 <1.00E-06 0 <1.00E-06 0 <1.00E-06 0 <1.00E-06 0 <1.00E-06
0 <1.00E-06 0 <1.00E-06 0 <1.00E-06 0 <1.00E-06 0 <1.00E-06 0 <1.00E-06 0 <1.00E-06 0 <1.00E-06
0 <2.00E-07 0 <2.00E-07 0 <2.00E-07 0 <2.00E-07 0 <2.00E-07 0 <2.00E-07 0 <2.00E-07 0 <2.00E-07
0 <2.00E-07 0 <2.00E-07 0 <2.00E-07 0 <2.00E-07 0 <2.00E-07 0 <2.00E-07 0 <2.00E-07 0 <2.00E-07
0 <2.00E-07 0 <2.00E-07 0 <2.00E-07 0 <2.00E-07 0 <2.00E-07 0 <2.00E-07 0 <2.00E-07 0 <2.00E-07
0 <2.00E-07 0 <2.00E-07 0 <2.00E-07 0 <2.00E-07 0 <2.00E-07 0 <2.00E-07 0 <2.00E-07 0 <2.00E-07

Table 9: EMD4EOQ01G test run tables
1 Setting run not taken into account
SEE detailed results are described in the following sections.
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9.2. Cumulated dose table

Part No. | Cumulated Dose (krad)
1 8.9
2 5.19
Table 10: Cumulated dose table
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9.3. SEL test results

9.3.1. SEL LET threshold

The SEL test was performed under SEL test conditions (see Table 7).

In SEL test configuration
No SEL was observed with LET of 39.5 MeV.cm?/mg, Krypton heavy ion.

9.3.2. SEL cross sections

Hereafter are shown the SEL cross section values for each tested component.

In SEL test configuration

EMD4EQ01G SEL Cross Section (cm?)
in SEL test configuration

LET Eff Part No. 1 Part No. 2
(MeV.cm?/mg) error (-) |cross section| error (+) error (-)  |cross section| error (+)
39.5 0.00E+00 | <1.00E-07 3.69E-07 0.00E+00 | <1.00E-07 3.69E-07

Table 11: EMDA4EOQ01G SEL cross section values in SEL test configuration
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9.4. SEU test results

9.4.1. SEU LET threshold

The SEU test was performed under SEE test conditions (see Table 8).

In SEU_READ test configuration
SEU were observed with a minimum LET of 1.4 MeV.cm?/mg, Oxygen heavy ion.
No lower LET was tested during this test campaign.

In SEU_WR test configuration

SEU were observed with a minimum LET of 1.4 MeV.cm?/mg, Oxygen heavy ion.
No lower LET was tested during this test campaign.

9.4.2. SEU cross sections

Hereafter are shown the SEU cross section values for each tested component.

In SEU_READ test configuration

EMD4EQ01G SEU Cross Section (cm?)
in SEU_READ test configuration
LET Eff Part No. 1 Part No. 2
(MeV.cm?mg) error (-) |cross section| error (+) error (-) __|cross section| error (+)
39.5 2.90E-05 2.34E-04 3.20E-05 2.25E-05 1.43E-04 2.55E-05
23.6 2.99E-05 2.48E-04 3.29E-05 2.00E-05 2.19E-04 2.15E-05
14 1.32E-06 3.00E-06 1.95E-06 2.55E-06 9.80E-06 3.16E-06

Table 12: EMD4E001G SEU cross section values in SEU_READ test configuration

EMD4E001G SEU Cross Section (cm?) in SEU_READ test configuration
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Figure 12: EMD4E001G SEU cross section curve in SEU_READ test configuration
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In SEU_WR test configuration

EMD4EQO01G SEU Cross Section (cm?)
in SEU_WR test configuration
LET Eff Part No. 1 Part No. 2
(MeV.cm?mg) error (-)  |cross section| error (+) error (-)  |cross section| error (+)
23.6 1.34E-05 5.40E-05 1.65E-05 1.36E-05 5.50E-05 1.66E-05
1.4 3.18E-06 1.48E-05 3.78E-06 1.56E-06 4.00E-06 2.18E-06
Table 13: EMD4E001G SEU cross section values in SEU_WR test configuration
EMD4E001G SEU Cross Section (cm?) in SEU_WR test configuration
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Figure 13: EMD4E001G SEU cross section curve in SEU_WR test configuration
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Hereafter are shown the SEU per bit cross section values for each tested component.

In SEU_READ test configuration

EMD4EO001G SEU_bit Cross Section (cm?)
in SEU_READ test configuration
LET Eff Part No. 1 Part No. 2
(MeV.cm?#mg) error (-) cross section| error (+) error (-) cross section| error (+)
39.5 - 5.45E-14 3.69E-06 - 3.33E-14 3.69E-06
23.6 - 5.77E-14 3.69E-06 - 5.09E-14 1.84E-06
1.4 - 6.98E-16 7.38E-07 - 2.28E-15 7.38E-07

Table 14: EMDA4EO001G SEU per bit cross section values in SEU_READ test configuration

EMD4E001G SEU_bit Cross Section (cm?) in SEU_READ test configuration
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Figure 14: EMDA4E001G SEU per bit cross section curve in SEU_READ test configuration
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In SEU_WR test configuration

EMD4EQ01G SEU_bit Cross Section (cm?)
in SEU_WR test configuration
LET Eff Part No. 1 Part No. 2
(MeV.cm?mg) error (-)  |cross section| error (+) error (-)  |cross section| error (+)
23.6 - 1.26E-14 3.69E-06 - 1.28E-14 3.69E-06
1.4 - 3.45E-15 7.38E-07 - 9.31E-16 7.38E-07
Table 15: EMD4E001G SEU per bit cross section values in SEU_WR test configuration
EMD4E001G SEU_bit Cross Section (cm?) in SEU_WR test configuration
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Figure 15: EMDA4E001G SEU per bit cross section curve in SEU_WR test configuration
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9.5. MBU test results

9.5.1. MBU LET threshold

The MBU test was performed under SEE test conditions (see Table 8).

In SEU_READ test configuration
MBU were observed with a minimum LET of 23.6 MeV.cm?/mg, Iron heavy ion.
No events were observed with LET of 1.4 MeV.cm?/mg, Oxygen heavy ion.

In SEU_WR test configuration
MBU were observed with a minimum LET of 23.6 MeV.cm?2/mg, Iron heavy ion.
No events were observed with LET of 1.4 MeV.cm?/mg, Oxygen heavy ion.

9.5.2. MBU cross sections

Hereafter are shown the MBU cross section values for each tested component.

In SEU_READ test configuration

EMDA4EO01G MBU Cross Section (cm?)
in SEU_READ test configuration
LET Eff Part No. 1 Part No. 2
(MeV.cm?4mg) error ()  [cross section| error (+) error (1) [cross section| error (+)
39.5 3.80E-06 6.00E-06 7.06E-06 0.00E+00 | <1.00E-06 3.69E-06
23.6 1.06E-05 3.50E-05 1.37E-05 1.46E-06 2.00E-06 3.12E-06
1.4 0.00E+00 <2.00E-07 7.38E-07 0.00E+00 <2.00E-07 7.38E-07

Table 16: EMD4E001G MBU cross section values in SEU_READ test configuration

EMD4E001G MBU Cross Section (cm?) in SEU_READ test configuration
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<1.00E-06
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Part No. 1
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1.00E-08 T T T T T T T T T T T T T T T T T T T T
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LET Eff
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Figure 16: EMD4E001G MBU cross section curve in SEU_READ test configuration
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In SEU_WR test configuration

EMD4E001G MBU Cross Section (cm?)
in SEU_WR test configuration
LET Eff Part No. 1 Part No. 2
(MeV.cm?/mg) error (-)  |cross section| error (+) error (-)  |cross section| error (+)
23.6 2.38E-06 3.00E-06 5.77E-06 0.00E+00 <1.00E-06 3.69E-06
1.4 0.00E+00 <2.00E-07 7.38E-07 0.00E+00 <2.00E-07 7.38E-07
Table 17: EMD4E001G MBU cross section values in SEU_WR test configuration
EMD4E001G MBU Cross Section (cm?) in SEU_WR test configuration
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2
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Figure 17: EMD4E001G MBU cross section curve in SEU_WR test configuration
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MBU distribution

Table 18 and 19 give the MBU distribution observed during the test campaign.

MBU 2 bits MBU 3 bits MBU 4 bits MBU 5 bits MBU 6 bits MBU 7 bits MBU 8 bits
Run Part . Run Fluence | MBU 2 Cross MBU 3 Cross MBU 4 Cross MBU 5 Cross MBU 6 Cross MBU 7 Cross MBU 8 Cross
(cm?) bits Section bits Section bits Section bits Section bits Section bits Section bits Section
(cm?) (cm?) (cm?) (cm?) (cm?) (cm?) (cm?
1 1 83 Kr 29+ 1.00E+07 0 <1.00E-07 0 <1.00E-07 0 <1.00E-07 0 <1.00E-07 0 <1.00E-07 0 <1.00E-07 0 <1.00E-07
2 1 83 Kr 29+ 1.00E+06 6 6.00E-06 0 <1.00E-06 0 <1.00E-06 0 <1.00E-06 0 <1.00E-06 0 <1.00E-06 0 <1.00E-06
3 1 83 Kr 29+ 1.00E+07
4 2 3 Kr 29+ 1.00E+06 0 <1.00E-06 0 <1.00E-06 0 <1.00E-06 0 <1.00E-06 0 <1.00E-06 1 1.00E-06 0 <1.00E-06
5 2 3 Kr 29+ 1.00E+07 0 <1.00E-07 0 <1.00E-07 0 <1.00E-07 0 <1.00E-07 0 <1.00E-07 0 <1.00E-07 0 <1.00E-07
6 2 7 Fe 20+ 2.00E+06 4 2.00E-06 0 <5.00E-07 0 <5.00E-07 0 <5.00E-07 0 <5.00E-07 0 <5.00E-07 0 <5.00E-07
7 2 57 Fe 20+ 1.00E+06 0 <1.00E-06 0 <1.00E-06 0 <1.00E-06 0 <1.00E-06 0 <1.00E-06 0 <1.00E-06 0 <1.00E-06
8 1 57 Fe 20+ 1.00E+06 35 3.50E-05 0 <1.00E-06 0 <1.00E-06 0 <1.00E-06 0 <1.00E-06 0 <1.00E-06 0 <1.00E-06
9 1 57 Fe 20+ 1.00E+06 3 3.00E-06 0 <1.00E-06 0 <1.00E-06 0 <1.00E-06 0 <1.00E-06 0 <1.00E-06 0 <1.00E-06
10 1 1706+ 5.00E+06 0 <2.00E-07 0 <2.00E-07 0 <2.00E-07 0 <2.00E-07 0 <2.00E-07 0 <2.00E-07 0 <2.00E-07
12 1 17 O 6+ 5.00E+06 0 <2.00E-07 0 <2.00E-07 0 <2.00E-07 0 <2.00E-07 0 <2.00E-07 0 <2.00E-07 0 <2.00E-07
13 2 17 0 6+ 5.00E+06 0 <2.00E-07 0 <2.00E-07 0 <2.00E-07 0 <2.00E-07 0 <2.00E-07 0 <2.00E-07 0 <2.00E-07
14 2 17 0 6+ 5.00E+06 0 <2.00E-07 0 <2.00E-07 0 <2.00E-07 0 <2.00E-07 0 <2.00E-07 1 2.00E-07 0 <2.00E-07
Table 18: EMD4E001G Test runs MBU distribution
MBU 9 bits MBU 10 bits MBU 11 bits MBU 12 bits MBU 13 bits MBU 14 bits MBU 15 bits MBU 16 bits
MBU 9 Cross MBU 10 Cross MBU 11 Cross MBU 12 Cross MBU 13 Cross MBU 14 Cross MBU 15 Cross MBU 16 Cross
bits Section bits Section bits Section bits Section bits Section bits Section bits Section bits Section
(cm?) (cm?) (cm?) (cm?) (cm?) (cm?) (cm?) (cm?)
0 <1.00E-07 0 <1.00E-07 0 <1.00E-07 0 <1.00E-07 0 <1.00E-07 0 <1.00E-07 0 <1.00E-07 0 <1.00E-07
0 <1.00E-06 0 <1.00E-06 0 <1.00E-06 0 <1.00E-06 0 <1.00E-06 0 <1.00E-06 0 <1.00E-06 0 <1.00E-06
0 <1.00E-06 0 <1.00E-06 0 <1.00E-06 0 <1.00E-06 0 <1.00E-06 0 <1.00E-06 0 <1.00E-06 0 <1.00E-06
0 <1.00E-07 0 <1.00E-07 0 <1.00E-07 0 <1.00E-07 0 <1.00E-07 0 <1.00E-07 0 <1.00E-07 0 <1.00E-07
0 <5.00E-07 0 <5.00E-07 0 <5.00E-07 0 <5.00E-07 0 <5.00E-07 0 <5.00E-07 0 <5.00E-07 0 <5.00E-07
0 <1.00E-06 0 <1.00E-06 0 <1.00E-06 0 <1.00E-06 0 <1.00E-06 0 <1.00E-06 0 <1.00E-06 0 <1.00E-06
0 <1.00E-06 0 <1.00E-06 0 <1.00E-06 0 <1.00E-06 0 <1.00E-06 0 <1.00E-06 0 <1.00E-06 0 <1.00E-06
0 <1.00E-06 0 <1.00E-06 0 <1.00E-06 0 <1.00E-06 0 <1.00E-06 0 <1.00E-06 0 <1.00E-06 0 <1.00E-06
0 <2.00E-07 0 <2.00E-07 0 <2.00E-07 0 <2.00E-07 0 <2.00E-07 0 <2.00E-07 0 <2.00E-07 0 <2.00E-07
0 <2.00E-07 0 <2.00E-07 0 <2.00E-07 0 <2.00E-07 0 <2.00E-07 0 <2.00E-07 0 <2.00E-07 0 <2.00E-07
0 <2.00E-07 0 <2.00E-07 0 <2.00E-07 0 <2.00E-07 0 <2.00E-07 0 <2.00E-07 0 <2.00E-07 0 <2.00E-07
0 <2.00E-07 (] <2.00E-07 0 <2.00E-07 0 <2.00E-07 (] <2.00E-07 0 <2.00E-07 0 <2.00E-07 0 <2.00E-07

Table 19: EMD4E001G Test runs MBU distribution
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9. 6 SEFI test results

9.6.1. SEFI LET threshold

The SEFI test was performed under SEE test conditions (see Table 8).

In SEU_READ test configuration

SEFI were observed with a minimum LET of 1.4 MeV.cm?/mg, Oxygen heavy ion.
No lower LET was tested during this test campaign.

In SEU_WR test configuration

SEFI were observed with a minimum LET of 1.4 MeV.cm?/mg, Oxygen heavy ion.
No lower LET was tested during this test campaign.

9.6.2. SEFI cross sections

Hereafter are shown the SEFI cross section values for each tested component.

In SEU_READ test configuration

EMDA4EQ01G SEFI Cross Section (cm?)
in SEU_READ test configuration

LET Eff
(MeV.cm?/mg)

| ePartNo.1 mPartNo.2 |

LET Eff Part No. 1 Part No. 2
(MeV.cm?/mg) error (-) cross section| error (+) error (-) cross section| error (+)
39.5 4.55E-06 8.00E-06 7.76E-06 4.55E-06 8.00E-06 7.76E-06
23.6 3.38E-06 5.00E-06 6.67E-06 2.09E-06 3.50E-06 3.71E-06
1.4 1.95E-07 2.00E-07 9.14E-07 4.76E-07 6.00E-07 1.15E-06
Table 20: EMD4EO001G SEFI cross section values in SEU_READ test configuration
EMD4E001G SEFI Cross Section (cm?) in SEU_READ test configuration
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Figure 18: EMD4E001G SEFI cross section curve in SEU_READ test configuration

TRAD - 907 voie I'occitane 31670 Labége FRANCE
Tel: +33 5 61 00 95 60. Email: trad@trad.fr

28/32



\\\‘

Id A/ ‘ HEAVY ION TEST REPORT
l l l‘ l‘ / Single Event Effects
Tests & rad|at|ons EMD4E001G

a HEICO co™ ’

In SEU_WR test configuration

EMD4EOQ01G SEFI Cross Section (cm?2)
in SEU_WR test configuration
LET Eff Part No. 1 Part No. 2
(MeV.cm?/mg) error (-) cross section| error (+) error (-) cross section| error (+)
23.6 2.91E-06 4.00E-06 6.24E-06 4.19E-06 7.00E-06 7.42E-06
1.4 1.95E-07 2.00E-07 9.14E-07 1.95E-07 2.00E-07 9.14E-07
Table 21: EMDA4EO001G SEFI cross section values in SEU_WR test configuration
EMD4E001G SEFI Cross Section (cm?) in SEU_WR test configuration
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Figure 19: EMD4E001G SEFI cross section curve in SEU_WR test configuration
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9.7.1. Burst LET threshold

The Burst test was performed under SEE test conditions (see Table 8).

In SEU_READ test configuration
Burst were observed with a minimum LET of 1.4 MeV.cm?/mg, Oxygen heavy ion.
No lower LET was tested during this test campaign.

In SEU_WR test configuration
Burst were observed with a minimum LET of 1.4 MeV.cm?/mg, Oxygen heavy ion.
No lower LET was tested during this test campaign.

9.7.2. Burst cross sections

Hereafter are shown the Burst cross section values for each tested component.

In SEU_READ test configuration

EMD4EO001G BURST Cross Section (cm?)
in SEU_READ test configuration
LET Eff Part No. 1 Part No. 2
(MeV.cm?mg) error (-)  |cross section| error (+) error (-)  |cross section| error (+)
39.5 9.58E-06 2.90E-05 1.26E-05 7.10E-06 1.70E-05 1.02E-05
23.6 8.42E-06 2.30E-05 1.15E-05 5.94E-06 2.15E-05 7.46E-06
14 0.00E+00 <2.00E-07 7.38E-07 5.82E-07 8.00E-07 1.25E-06
Table 22: EMD4E001G Burst cross section values in SEU_READ test configuration
EMD4E001G BURST Cross Section (cm?) in SEU_READ test configuration
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Figure 20: EMD4EO001G Burst cross section curve in SEU_READ test configuration
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In SEU_WR test configuration

EMD4E001G BURST Cross Section (cm?)
in SEU_WR test configuration

LET Eff Part No. 1 Part No. 2
(MeV.cm3/mg) error (-)  |cross section| error (+) error (-)  |cross section| error (+)
23.6 5.51E-06 1.10E-05 8.68E-06 5.51E-06 1.10E-05 8.68E-06
1.4 6.75E-07 1.00E-06 1.33E-06 1.95E-07 2.00E-07 9.14E-07
Table 23: EMD4E001G Burst cross section values in SEU_WR test configuration
EMD4E001G BURST Cross Section (cm?) in SEU_WR test configuration
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Figure 21: EMDA4E001G Burst cross section curve in SEU_WR test configuration
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10. Conclusion

The heavy ions test was performed on EMD4EQO01G. The aim of the test was to evaluate the sensitivity of
the device versus SEL, SEU, MBU and SEFI.

The SEL test was performed under SEL test conditions (see Table 7).

In SEL test configuration
No SEL was observed with LET of 39.48 MeV.cm?/mg, Krypton heavy ion.

The SEU test was performed under SEE test conditions (see Table 8).

In SEU_READ test configuration
SEU were observed with a minimum LET of 1.4 MeV.cm?/mg, Oxygen heavy ion.
No lower LET was tested during this test campaign.

MBU were observed with a minimum LET of 23.6 MeV.cm?/mg, Iron heavy ion.
No MBU was observed with LET of 1.4 MeV.cm?/mg, Oxygen heavy ion.

BURST were observed with a minimum LET of 1.4 MeV.cm?/mg, Oxygen heavy ion.
No lower LET was tested during this test campaign.

SEFI were observed with a minimum LET of 1.4 MeV.cm?/mg, Oxygen heavy ion.
No lower LET was tested during this test campaign.

In SEU_WR test configuration
SEU were observed with a minimum LET of 1.4 MeV.cm?/mg, Oxygen heavy ion.
No lower LET was tested during this test campaign.

MBU were observed with a minimum LET of 23.6 MeV.cm?/mg, Iron heavy ion.
No MBU was observed with LET of 1.4 MeV.cm?/mg, Oxygen heavy ion.

BURST were observed with a minimum LET of 1.4 MeV.cm?/mg, Oxygen heavy ion.
No lower LET was tested during this test campaign.

SEFI were observed with a minimum LET of 1.4 MeV.cm?/mg, Oxygen heavy ion.
No lower LET was tested during this test campaign.
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