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* The project

» Parts, beam description, test system
* Results

= Conclusions
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Tests & radiations % MBU or not MBU? That is the question.
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Read Data Expected Data

51 55 SEU (1 error in the .
01010001 01010101 b read data) Error correction
71 55 —) MBU (more than 1 More critical

01110001 01010101

error in the read data)
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PART IDENTIFICATION
Type : M65609E
Manufacturer : Atmel
Function : Rad. Hard. 128k x 8, 3.3-Volt SRAM
PARTS PROCUREMENT INFORMATIONS
Packaging : FP-32
Sample size: 10 irradiated samples
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Part of the tested lot Delidded part Die marking
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Irradiation facility: U.C.L.
IRRADIATION BEAM CHARACTERISTICS

High LET cocktail : Xe
High range cocktail : Kr, Ni, Ar, Ne and C

Heavy lons used :

Flux : 465 cm2.s1 up to 7600 cm=2.s1
N

Flux set for High LET ions

Irradiation facility: P.S.1.

IRRADIATION BEAM CHARACTERISTICS

Proton Energy : 230 MeV, 200 MeV, 151 MeV, 101 MeV and 75 MeV

Flux : 4,46 105 cm2.s1upto 3.14 10’cm=2.s1
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Tests & radiations

Same Test bench for proton and Heavy ions
irradiation

Irradiation Area
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Heavy ions irradiation: DUT Proton irradiation: No active
the closest possible control part in the beam field
board

'''''' e ——
ESA/CNES March 10 2015 6 TRAD, Tests & Radiations ™5



/ l'!.’dﬂl)'/ Test Bench - Detection methed

(

= Event classification:
*» Transient (error type 1)
» Upset (error type 2 or 3)
» Stuck bit (error type 4)

Difference between SEU and MBU
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Tests & radiations

= For the test bench:

Read Data Expected Data

51 55 |
01010001 01010101 ) SEU (1 error in the read data)

71 55 — MBU (more than 1 error in
01110001 01010101 the read data)

In reality:

MBU: One or multiple particles shots in the same data ?

VAN

Real MBU Multiple SEU

* To estimate real MBU: Flux or mapping

————— E e ——
: ESA/CNES March 10 2015 8 TRAD, Tests & Radiations ™S



e
7 Il’ﬂl)_/ Results - Post tr:

/ Tests & radiations

* Divide a word in several physical area:

*» Example of a interleaved of 2 bytes on a memory:

.... - Bit cell of word 1
A A 4y Bitcell of word 2
A A &

N N
P
O O
,\$ o‘\$ O$
N @&
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Tests & radiations

* Divide a word in several physical area:

% A Bit cell of word 1
..E. A7 Bit cell of word 2

y  J  J J 4 .. - sEu
Real MBU Multlple SEU
0101 0011 0001 1101
Bits are adjacent Bits are not adjacent

A Post treatment has been performed on the Heavy ions
and Protons results
with the physical distribution of memory cells from Atmel
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m Representatlon of events on the memory

3FF 3E0 3C0 3A0 380 360 340 320 300 20 2C0 2A0 280 260 240 220 200 1E0 1CO 1A0 180 160 140 120 100 EO CO AOD 80 60 40 20

0 1 | | | 1 1 ! | 1 1 ! ! ! | | | | | | I‘*‘ 1 | ! 1 1 | | | | 1 | | |
e gy T . H L T s S |
o L “..”z. b A . Ty QWM%MH.MM' LTI TLARNAY

RS

ey kgt
i Frrgir s s s S i CE—At
"3. e T AL, e e iaprir_e i el igd . p e
= AR SRS LAY - o ey
ooo-I- 4 - m-x.on «mm oum .mo. Bttt ...”mo-lﬂr
SRLLER, NN Ery TaT T T L s Tt
aih ety it iy oty g e S g, prepiey el
DT T o In T e s T S Firer
p- ety i A Bphae_irid. 4 - o
e o T et ol v T iy oy T
e i &mmw’um et e T i A R T i fy
o T rar b s et o **HM e e T
s E e R e e At i s ¢ v it e O o= e L 3 L ey et A
P e T IR e L R e e o e i L e e e R
et i M s e T om mmaea T 2t 1y s e BT Rt L ety & T
P o 3 ey o et i H
UL e S = ey AR ST

L
o = S R ek = e sRETTE =]
EE T TR SIS I b ting. s MKttt ot st e
A e sy TR T ]
e g St T Ty P AT B £ i
o Pl i b piees s e e o
....'.'n. = gt foa ety o ety et e e s, i
i - bRy
.

e gty
iy Foreomae vne Elm e aim
omn- 3 " e i e g e

e Pt 3
ammaniis =3 BT e o ol P iy el iy g Py
mmnm:"-ﬂ- A B it G Pt o P Camat ¥ ¥ iy ATy
S S+
e

TE "
i gining sty T im—— T L
R . el e e e

e, .x:.-.‘mm i T : SEU
5 ST L L HEMESRIE 3 ST ] Eailns e fro s e Ty L
e s L e ﬁm etk 0 ]

e . -t o agesEni Shiio e . - e s semsisd soe b
T, gy Vi Fory e 3 = T T it o iy e =%
- sum- 5 saemme b 4 ea e s e

i S Ay raanie LR T ey et =t s S e el P EIEL
= s - - GEfrDoi sEen mmomm s - e <]
s e ey o B, ) g e ooy gty R e =

Carm Smt i we b T s — 4 s dimedm Rty i o Ry

Frewrcrioianie o Jo T, Emem s mm rm vetiert prma ot arae s s w L fisloe g e e oo 2 4t o]
- = = TESEE S ER

=, "-"'.:.QM'!: s e R R T At ey S
3 i T Ty Tonalu

LET 67.7MeV.cm2.mg Heavy ion beam.

B & ——

ESA/CNES M 11 TRAD, Tests & Radiations ""‘s-\'




T”M' s%%, Results - Post

MBU Cross Section for M65609E
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M65609E - MBU cross section
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SEU Cross Section for M65609E
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M65609E - SEU cross section
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* Post treatment has been performed

* Real MBU observed with Heavy ions and
Protons

Results available in “Single Event Upsets and Multiple Bit Upsets observed on 1Mbit SRAM”
Marc Poizat, Christian Poivey, Alexandre Rousset, Benjamin Vandevelde, Lionel Gouyet, Athina Varotsou
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* Thank you for your attention
= Any question ?
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Tests & radiations

Latchup tracker
Pattern

Generator

Hardware designed around Error Analyser
an FPGA witch communicate  e4Z» 4—»

with a Labview software

Ref. Memory
Controller

uur
Controller

Power Supply
Signal Buffering Signal Buffering Signal Buffering
uur1 uur2 uur3

Signals buffered and
multiplexed depending the
tested Unit Under Test (UUT)

DUT can be remote with
cables or plugged as close
as possible
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Tests & radiations

Mext Address

Data UUT logged
MNew Read UUT

Fail

ESA/CNES March 10 2015

Comparison
UUT - Ref l
Pass
Comparison between
Data UUT logged and
New Data UUT
Log error type 1 Equality Difference
Copy Ref RAM Copy Ref RAM
To UUT Te UUT
Read UUT Read UUT
Comparison Fail
UUT - Ref l UUT - Ref
Pass Pass
Copy UUT
to Ref RAM
Log error type 3
Sronpe2 l (Data UUT nd
(Data UUT logged) e Dt 0TS
Log erfor type 4
+ Log ermor type 2 or 3
{According to previous result)
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