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7 TEAD, Purpose of the SIS

During space application, devices are subject to TID and
SEE at the same time

But part radiation qualification process includes
ionizing dose and SEE tests performed independently

= Synergetic effect between Dose and
SEE on electronic devices ?
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7 IRAD, project organisSiGHINE
P -

= Started July 2014 -> ended July 2015

= All developments and analysis were performed by

TRAD near Toulouse, France

» Radiation Testing + Radiation Engineering
Departments
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7 TRAD, some interesting RN
P -

= 400 parts procured

= 280 devices tested

= 214 devices delidded

= 145 hours of heavy ion beam tests
= 6+12 weeks of Cobalt 60 irradiation

= 88 devices measured at each Cobalt 60 step
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Tests & radiations

e

%-7;’”‘" / Component s

* The devices selected for the study should be

» Sensitive to TID in order to display parameter drift, but not too much to remain
functional during the whole test campaign.

» Sensitive to SEE, with :

o an LET threshold high enough to observe a potential drift towards zero
o a saturated cross section low enough to measure a potential increase

Osat

Cross Section {(cm?)

LET (MeV cm?/mg)
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Tests & radiations

l§

f’l;l‘llll,/ Component sel

ection [

Four different type of devices have been selected in
order to have different functions, manufacturers and

technologies
AD9042 AD558 MT29F4G08 R1RW0416
Manufacturer | Analog Device | Analog Device Micron Renesas
Type 12bit ADC 8bit DAC 4Gb NAND flash 4Mb SRAM
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7 IEAD,  Testplan principiG

Step 0

- Preliminary TID test
= Devices behavior under total dose

= Total dose level and dose steps for each

reference for the combined TID and SEE [~ Standard Test
tests.
- Preliminary SEE test
=~ SEE sensitivity before ¢°Co irradiation =
Parametric h
measurement SEE test
\ A / K A
10 non delidced parts 3 delidded parts
TID sensitivity SEE sensitivity
e



7 TRAD,  Test plan principic NN

Combined TID & SEE test

Step 1
» Parametric tests are performed on all
devices before ¢°Co irradiation

40 delidded parts
(20 ON + 20 OFF)

30 delidded parts

20 delidded parts

10 delidded parts

Step 1 Step 2 Step 3 Step 4 Step 5
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7 IEAD,  Testplan principiG N

Combined TID & SEE test
Step 2

[ SEE test j > Parametric tests are performed

SO 2 0O1RF on 10 irradiated devices
(" Parametric > SEE test on 5 devices among
\__measurement ) the 10 irradiated devices

10 delidded parts
(5 ON + 5 OFF)

40 delidded parts

30 delidded parts

20 delidded parts

10 delidded parts

Step 1 Step 2 Step 3 Step 4 Step 5

'—"".",—_—'—‘

Radiation Test Workshop 2016 06/04/2016 10 ~




\

7/-7""”‘,/ Test plan princi

Tests & radiations

SEE test
3 ON + 2 OFF
A

A
- > _ N SEE test
rametric
a I 3 0ON + 2 OFF [ SEE test

measurement
S J 30N+20FF] [ SEE test ]

Parametric 3 ON +2 OFF
10 delidded parts \__Mmeasurement Parametric 1
I measurement [ Parametric ]
. measurement
_ 10 delidded parts
40 delidded parts

' 10 delidded parts
I 10 delidded parts

10 delidded parts

30 delidded parts

20 delidded parts

Step 1 Step 2 Step 3 Step 4 Step 5
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Z ’I'IJAI)/ Monitored par

/ Tests & radiations
|

= 2 types of benches per reference

TID electrical Drift

N* 1 (Ref)
» TID test bench =i EE———— icn
. 2 N* 4 (0N
o Parametric measurement 8 al=
o Parameter drift versus dose level 5 o =
E‘ R ::nc(::n
8 N1 oFF) [
3 =
o ——————————————————————
' ! Dose L:vel (krad) " -
» SEE test benCh SEE Cross Section
o Dynamic functional testing ) P .

o SEE versus LET (cross section)

Cross Section (cm?)
Hrr=—t

38 40 42 44 46 48 50 52 54 56 58 60 62 64 66 68 70

LET (Mev.cm?/mgq)
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Z TIJAI)'/ Monitored par:

/ Tests & radiations

= SEE parameters

» Latchup detection and protection in all cases (SEL)

* Memory testing
o Upsets in Memory cells
o |Internal state machine malfunction
o Failure

» ADC Testing
o Digital output conversion Upset
o Analogue conversion transient
o Timing circuits stuck

» DAC testing

o Analogue output transient
o Control register stuck

Radiation Test Workshop 2016 06/04/2016 13

(SEU , MBU)
(SEFI, Flash only)
(Flash only)

(SEU)
(SET)
(SEFI)

(SET)
(SEFI)
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= |Impact of external parameters
1. Annealing : Same facility for SEE and TID - UCL
2. Long time test bench stability

3. Long time opened condition
o SEE performed on delidded parts
o TID performed on delidded parts
= Long time opened condition in a non-controlled atmosphere

= Monitoring of possible degradation due to external
parameters to subtract it from a possible synergy
effect
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7 IEAD,  Resuhs analySiS D

Synergy effect analysis

» Impact of Total lonizing Dose on SEE sensitivity
» Impact of Total lonizing Dose on SEE error bars

» Impact of bias condition during TID irradiation on SEE
sensitivity
» Impact of TID on SEE signature
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7 IEAD,  Resuhs analySiS D

= Effect analysis per reference

» Impact of Total lonizing Dose on SEE signature

= |dentify if TID has an impact on the SEE signature
and then on the input used for the radiation analysis

] = - —"-"’—_n——
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Three different signatures are observed during SET test

SET test results have been processed in order to evaluate if
the dose level could have an impact on the SET signature
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7 TRAD | paC AD558 from A

Tests & radrat:ans

Impact of TID on positive SET signature

AD558 - positive SET Cross Section

1.E-02
S 1.E-03 1
2 8 E 8
£
S 1.E-04 -
1800 .. +  Okrad = 5
* ks o * Okrad
1600 '§ ¢ 42krad b 1-E057 ¢ 0 42krad Reference
. + T8krad § s 4 78krad Reference
1400 ¢ O 1.E-06 < 114krad Reference
; ol hsracd © 150krad Reference
1200 - i [+ 150krad 1.E-07 ‘ ‘ \ |
= 0 20 40 60 80
R LET (Mev/mg/cm?)
'S
E 8O0 AD558 - positive SET Cross Section
i 1.E-02
400 - < 1.E-03
8 g | i §
200 5 1E04 4
S
S 1.E-05 * Okrad
ﬁ A 0 42krad
8 « 4 78krad
G 1.E-06 == © 114krad
. © 150krad
deltaV positif (V) 1.E-07 ‘ ‘ ‘
0 20 40 60 80
LET (Mev/mg/cm?)
Analysis also performed on negative and double SET
No impact of TID level whatever the SET signature
F—— "’,—_——‘
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7 tmap, conclusion S

= The effect of Total lonizing Dose on the SEE
sensitivity has been studied for 4 different
devices

* 400 devices procured

» 280 devices tested

» 214 devices delidded

* 145H of heavy ion beam

» 88 devices measured at each Co%° step
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7 tmap, conclusion S

= External parameter continuous monitoring
showed:

» No Impact of delidding on TID degradation
* No Impact of delidding on SEE sensitivity
» Good testbench stability

] = - —‘--"’—_ﬁ——
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7, conciusion

= No Impact of TID on SEE sensitivity
» Weibull parameters
*» Error bars

= No Impact of TID on SEE signhature
» SET shape
» SEU bit localisation
* MBU multiplicity

= No impact of TID on SEE for these
references up to 150krad(Si)

] = - —"-"’—_n——
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7 Iman, perspectives D

= Synergy study on other devices and effects
(MOSFET / SEB & SEGR)

= Effect of TNID on the SEE sensitivity
= Effect of SEE on the TID sensitivity

= Further investigation on radiation effects on
NAND Flash

] = - —"-"’—_n——
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TID Influence on the SEE sensitivity
of Active EEE components

QUESTIONS
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TIJAII ./ SEE pre-charac

= DAC AD558 SEE Pre-characterization test results
» No SEL and no SEFI observed
* Input code has no incidence on SET

» SETs min LET: Neon (3.0 MeV.cm?/mg)

AD558JNZ - SET Cross Section
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=
U0, st procrarb

= ADC AD9042 SEE Pre-characterization test results

» No SEL and no SEFI

» Input voltage has no incidence on SET and SEU
» SETs min LET: Argon (10.2 MeV.cm?/mg)

» SEUs min LET: Carbon (1.1 MeV.cm?/mg)

AD9042ASTZ - SEU Cross Section
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TIJAII ./ SEE pre-charac

= SRAM R1RW SEE Pre-characterization test results
» No SEL
* MBUs min LET: Argon (10.2 MeV.cm?/mg)

» SEUs min LET: Carbon (1.1 MeV.cm?/mg)

R1RW0416DSB - SEU Cross Section

1.00E+00

k=
1.00E-01

1.00E-02

1.00E-03

1.00E-04

Cross Section (cm?)

1.00E-05
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1.00E-07
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LET (MeV-Cm"’-mg ) \ + Part n°1 = Part n°2 = Part n°3 - Part n°4\
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( ’l‘lJAll ./ SEE test resultq

= FLASH MT29
» No SEL but High Current Events (HCE)

» HCEs min LET: Argon (10.2 MeV.cm?/mg)

* Functional Failures after Xenon irradiation (67.7 MeV.cm2/mg)

R IEIE T TE TP R ERtGIE I RE LR TE TR T
! Pre-irradiation funcional test ;! Beam On: Standby SEL test !
1 | 1

| R —

0.04 -
§0.03 I O 1 O A AN I
£

(o] 200 400 600 800 1000 1200 1400 1600 1800
Time(s)
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Z TrAD

Tests & radiations

[ Parametric

measurement ]
A

10 non delidded parts
40 delidded parts

Parametric
measurement

A

10 non delidded parts
30 delidded parts

Parametric
measurement

A

10 non delidded parts
20 delidded parts

Parametric
measurement

A

10 non delidded parts
10 delidded parts

Parametric
measurement

A

10 non delidded parts|

[
»

Step 1

Step 2

Step 3

28

Step 4

Step 5
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Z TPLD

Tests & radiations

Parametric

measurement
7}

:

/ External parameter

Parametric
measurement

A

Parametric

measurement

A

) (

Parametric

measurement J [
A

Parametric
measurement

A

1 non-irradiated
non delidded part
1 non-irradiated

1 non-irradiated
non delidded part
1 non-irradiated

1 non-irradiated
non delidded part
1 non-irradiated

1 non-irradiated
non delidded part
1 non-irradiated

1 non-irradiated
non delidded part
1 non-irradiated

delidded part delidded part delidded part delidded part delidded part
| | | >
Step 1 Step 2 Step 3 Step 4 Step 5
e
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7 Trab,

External pa

= Impact of long time opened condition on TID

cancitivitv
265+
2ol —tomeeoeon | o _____AD9042
—— LOTBCDE-OFF
25| Lo
g COURDE g — LOTA 74 rad/h Non delidded
% 245F
= LOT BCDE | 74 rad/h Delidded

Total Dose (krad(Si))

= No impact of long time opened condition on TID sensitivity

whatever the reference

Radiation Test Workshop 2016 06/04/2016 30
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7 TELD / External parameter

Tests & radiations

: Impact of dose rate on TID sensitivity

—— LOTA-Ref

|| —LoTA-ON AD9042
—— LOTA-OFF
|| —— LOTP-Ref
——LOTP-ON
—— LOTP-OFF

25 é LOT P 310 rad/h Non delidded

ik LOTA 74 rad/h Non delidded

Total Dose (krad(Si))

= No dose Rate effect on TID sensitivity
= Parametric degradation during synergy study always represents the
worst case whatever the reference

T
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' ""”' ,/ External para

Tests & radiations

= |Impact of long time opened condition on
SEE sensitivity

AD9042 - SEU Cross Section

1.E-03
< 8
S ot
5
~ °!
c
= 1.E-04 | § s LOTI » SEE pre-characterization
2 0 LOTB-Reference > Ty,+ 3 weeks
® g s LOTC-Reference > T,+ 6 weeks
8 . ~ LOTD-Reference > Ty+ 9 weeks
4 o LOTE-Reference > T0 + 12 weeks
1 -E_05 T T T T T T T
0 10 20 30 40 50 60 70 80
LET (MeV.cm?/mg)

= No impact of long time opened condition on SEE sensitivity
whatever the reference
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7 TEAD ) synergy effect‘

= Impact of TID on SEE sensitivity

AD9042 - SEU Cross Section

1.E-03

= 0 s ¢

()

= 0

\‘El 1.E-04 l ®

C

5 o LOTI > 0 krad(Si)

B 1 E05 | =LOTB > 42 krad(Si)

@ V0 |m A LOTC > 78 krad(Si)

8 +LOTD > 114 krad(Si)
e LOTE > 150 krad(Si)

1.E'06 T T T T I I I

0 10 20 30 40 50 60 70 80
LET (MeV.cm2/mg)

= No impact of TID on SEE sensitivity whatever the reference
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’l'l‘llll ./ Synergy effect an

= Impact of TID on SEE error bars

Error bars are calculated as described in the ESCC25100,
using 95% confidence level and 10% fluence uncertainty

1.E-03

’

1£-04 ?

Cross Section (cm¥dev)

AD9042 - SEU - LOT |
1.E-05

0 10 20 30 40 50 60 70 80
LET (MeV.cm¥mg)

Error bars are more important for lower LET due to small statistics of events
— Comparison performed for the LET closest to the LET threshold
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’l'l’llll ./ Synergy effect l

= Impact of TID on SET and SEU error bars

AD9042 - SEU - LET = 1.1MeV.cm?/mg

|
150 ——— e U S

B Mean Cross section

@ Mean Lower Error Bar
|

12—

T —

Total Dose (krad(Si))

o ——
O ——

0.0E+00 1.0E-05 2.0E-05 3.0E-05 4.0E-05

Cross Section (cm?/dev)

= Received dose does not have any impact on the error bars close to the LET
threshold whatever the reference
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7 TBAD | synergy effect analysis D

= Impact of bias condition during TID
irradiation on SEE sensitivity

AD9042 - SEU ON Cross Section

1.E-03

=

()

) 1E—04W

£

S

5

2 * LOTI

& = LOTBON

g 1.E-05 A LOTCON

3 + LOTD ON
e LOTEON
— Weibull LOTI

1.E-06 : : : :
0 50 100 150 200 250
LET (MeV.cm2/mg)

Weibull parameters are determined using the automatic fit available
in the OMERE software
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TR, s ynergy ctisct SN

= |Impact of bias condition during TID
irradiation on SEE sensitivity

ADS9042 - SEU ON - Weibull parameter AD9042 - SEU OFF - Weibull par -

- L 1.E+02
n L] l
1E+01 . = . .
é 1.E+00 C g
§ - 3 e 1.E+00 > .-
] Wy E
o 1B .s c 1E01H mw
= : - = AS
2 + Saturation oross s ection -
2 1802 H 2 41E.02 H *Ssturstion oress section
£ ®LET Threshold = # LET Threshold
1.E03 )4 f % = L 1E03 ) - : :
1.E-04 T T 1E-04 T g
0 50 100 150 0 50 100 150
TotalDose (krad) Total Dose (krad)

For all reference, SEU cross section curves are equivalent whatever
the received dose and the bias condition during TID exposure
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=0, pesuits analy ST

Effect analysis per reference
» Impact of Total lonizing Dose on SEE signature

= ldentify if TID has an impact on the SEE
signature and then on the input used for the
radiation analysis
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7 TRAD | Apc AD9042 fr
Impact of TID on SET signature
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AD9042 - SET- 3 consecutive false conversions
Cross Section

1.E-04
3
AD9042 - SET - 2 consecutive false conversions % — o
Cross Section = B '
1.E-04 S ™ * LOTI &
A 3 . = sLOTB| *
= I ? ' ; 1.E-06 1mm IE - T e m—
o S +LOTD
t 1E-05 © *LOTE
L2 1.E-07 . : . . . . .
= «LOTI 0 10 20 30 40 50 60 70 80
? a sLOTB LET (MeV.cm?mag)
- 1E-06 -H ALOTC [+
g +LOTD AD9042 - SET - 4 consecutive false conversions
o «LOTE Cross Section
1.E-04
1 E'07 T T T T T T T = +LOTI
0 10 20 30 40 50 60 70 80 § =LOTB
x ALOTC
LET (MeV.cm?mg) E 1.E-05 +LoTD[
5 e LOTE
S
® 1E.06 1o . .
'
O
1.E-07 . ; . . , ; .

0 10 20 30 40 50 60 70 80
LET (MeV.cm?/mg)

No impact of TID level on SET signature
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Z T AD ) ¢1ash NAND MT29F4G0BA

Tests & radiations

= Impact of SEE test on NAND Flash functionality

SEE test performed with Xenon ion LET (67.7 MeV.cm?2/mg)

MT29F4GOSABADAWP
Vce = 3.3V LATCHUP SEE
T = 25°C
Post Run
Run Part Status
LET . Cumulated
. Energy|Range ,,| Flux (@) | Time | Fluence Run Cross Cross Cross
0[5 el e (MeV) | (um) LBV (ecm2s") [ () (®) |Dose (krad) L ks Section A4 Section Sl Section
mg) 2 (krad)
(cm™)
High LET M/Q=5
1 1 |SEL without GUARD |124Xe 26+| 420 67.7 7.93E+03| 112 |8.88E+05 0.962 0.962 - - - - - - Failure
2 1 Functional Test - = - - - = - 4096. Bad BI(.)Ck
Functional Failure
3 2 |SEL without GUARD 420 37 67.7 1.00E+04| 1000 | 1.00E+07 10.853 10.853 Failure
4 2 Functional Test - - - - - - 4096. e BI(.)Ck
Functional Failure
5 3 SEU Ro 124Xe 26+| 420 37 67.7 9.51E+03| 17 [1.62E+05 0.175 0.175 0 |<6.18E-06| 3084 [1.91E-02] 49 |3.03E-04 Functional
6 3 SEL 50mA 124Xe 26+| 420 37 67.7 9.81E+03| 1020 | 1.00E+07 10.843 11.018 22 | 2.20E-06 Failure
7 3 Functional Test - - - - - o - - 1124. 7 Blc_>ck
Functional Failure
8 4 SEU Ret 124Xe 26+| 420 37 67.7 9.09E+03| 112 [1.02E+06 1.103 1.103 Failure
9 4 Functional Test - - s - - - - - - - - out of.beam efmrs
Functional Failure
10| 5 SEU Ro 124Xe 26+| 420 37 67.7 2.23E+02| 497 [1.11E+05 0.120 0.120 0 |<9.03E-06| 4848 |4.38E-02] 45 |4.06E-04 Functional
1 5 SEU Ro 124Xe 26+| 420 37 67.7 5.32E+02| 411 [2.19E+05 0.237 0.357 0 |<4.58E-06|11042|5.05E-02] 9 |4.12E-05 Functional
12| 5 SEL 50mA 124Xe 26+ 67.7 9.80E+03| 1022 [ 1.00E+07 10.852 11.209 2.10E-06 - - - Failure
13| 5 Functional Test - 1172. Sad BI(.)CK
Functional Failure
14] 6 SEU Ro 124Xe 26+| 420 | 37 | 67.7 |4.62E+02| 350 |1.62E+05| 0.175 0.175 | 0 |<6.19E-06]10159]6.28E-02 3.09E-05 Functional
15| 6 | Functional Tes e | Functiona

This tendency is observed for various fluences (from 1.65E5 p/cm? to 1E7 p/cm?)
and for various cumulated doses due to heavy ions .

i
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TQS!W’,!#! ,/ Flash NAND MT29F4GOU
- e >

= Impact of SEE test on NAND Flash functionality

SEE test performed with Xenon ion LET (67.7 MeV.cm?/mg)

© 4.5E+03
o)
€ 4.0E+03 g —
> 3.5E103 \\ = ’/' Test performed
% 3.0E+03 \\ B // | without Guard system
g 2.5E+03 \ / ——Part #1T
= 2.0E+03 \ = opansott
S 1.5E+03 N = ——
S 1.0E+03 = I
2 5.0E+02 ——Part #5|1
c
. 0.0E+00 N . ~ Test performed
X X X X i
& Q/@e ({/\Q;a ({/\Q)@ with Guard system
< % & <
& v v v
Q oS s

Component irradiated without guard system, so subject to HCE with high
current, shows a more important degradation compared to part protected
against SEL
=> Non permanent effect induced by High Current Event (HCE)
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= |Impact of TID on NAND Flash Functionality

1.E+03

-+ ON Biased

-+ OFF Biased
s 1.E+02
i )
&
= |
Z
= 1.E+01
fs]
m
o
©
M 1 E+00

X A | :
0 20 40 60 80 100 120

Dose (krad(si))

Bad Block number increases with TID level for ON biased part during Cobalt 60
irradiation.
This means that one or more memory cell is no more writable in the bad block after
TID exposure.
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» Impact of TID on HCE sensitivity

MT29F4G08ABADA SEL Cross Section

1.E-05
=~
3 .
T 1606 .
S 3 H
(i A
i) . u ¢ LOTI
(&]
3 = LOTB
(@)) _ |
; 1.E-07 - . LoTa
o + LOTD
(@)

1 .E_08 I I I I I I I

0 10 20 30 40 50 60 70

LET (MeV.cm?/mg)

TID does not have any impact on HCE number
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'""”’./ SRAM R1RW041

= Impact of TID on SEU signhature: imprint
effect

o During TID test, all devices were written using the pattern AA. All
components were tested under heavy ions using the pattern AA on
half of the memory and using 55 on the other half.

R1RW0416 - SEU AA Cross Section R1RWO0416 - SEU 55 Cross Section

1.E+00 1.E+00
< 1.E-01 - = PR © < 1.E-01 - a PR .
() (] () (]
2 1E02 4 S 1.E-02 | 4
: :
= 1.E-03 - = 1.E-03 -
S * LOTI 8 * LOTI
§ 1.E-04 - = LOTB é 1.E-04 - = LOTB
@ 1.E-05 J' ALOTC 2 1.E-05 - ALOTC
o + LOTD o + LOTD
O 1.E-06 - o LOTE © 1.E-06 - * LOTE

1.E-07 ‘ ‘ ‘ 1.E-07 ‘ ‘ ‘

0 20 40 60 80 0 20 40 60 80
LET (MeV.cm?/mg) LET (MeV.cm?/mg)

No imprint effect is observed
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imprint
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Impact of TID on SEU signature

effect
AA

n°|987.6543210

(%) swoslagy

—

\

\

15 16

T
\.
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= |Impact of TID on MBU multiplicity
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No sensitivity difference is observed whatever the pattern used.
No Imprint effect is observed on MBU effect
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= MBU test results

R1IRW0418 - MBU 55 Cross Section

1E-03
g 1E-04 ' ' l
E
S 1E-05 S C @
=4
) l
© ¢ LOTI
A 1E-06 == . mLOTB
§ ALOTC
S 1E07 +LOTD

#« LOTE
1E-08 r T T
0 20 <0 €0 80

LET (MeV.cm2/mg)

MBU cross section curves are different between LOTI and other LOTs

o e ——
- - ~



MBU distribution (%)

MBU distribution (%)

100
90
80
70
60
50
40
30
20

10

100
90
80
70
60
50
40
30

20
10

""’"’./ SRAM R1RWO

MBU test results
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= MBU test results
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MBU Cross Section (cm?/dev)
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