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(// ’l'lJAl)/ Purpose of th

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

But parts radiation qualification process
iIncludes both ionizing dose and SEE tests,
performed independently

= Synergistic effects between Dose and
SEE on electronic devices ?
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7 TR, stare ofart I

= SRAM:

» An increase of soft error rate is observed when it is
measured with the same pattern used during Total Dose

irradiation and a decrease for the complementary patte n.
Koga 2009

= NAND Flash:

*» The cross section for single bit upsets in Floating Gate cells
Increases if the sample has been previously exposed t 0
even relatively low TID levels. Bagatin 2010

= ADC & DAC

» To our knowledge these effects have not yet been pub  lished
In open literature
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7 TRAD, schedule Project I

Project still in progress

Week 11

Part Selection

Preliminary Co ©0 irradiation

SEE characterization

Co0%% and SEE combined irradiation
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Z TRAD AP ) Devices under t

Four different devices under test

AD9042 AD558 MT29F4GO08AAC R1RWO0416
Manufacturer | Analog Device | Analog Device Micron Renesas
Date code 1314 1116 1346 1350
Type ADC 12bit DAC 8bit NAND flash SRAM 16Mb 8bit
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Effects SEU, SET, SEL SET, SEL SEU, I\SAEI[:JI’ SEL, SEU, MBU, SEL

The device has been selected in order to have differe nt function s,
manufacturers and technologies
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7 TRAD, prefiminary Co test I

Step 314 |5 6 | 7 8 9 10 11
Total Dose krad(Si) 10| 20 (30| 50| 70 | 100 | 150 | 200 | 250
Dose rate rad(Si)/h 310

= 50N +5 OFF + 1 reference sample

= TRAD ®°Co GAMRAY Facility

= Devices behavior under total dose

= Total dose level and dose steps for each reference
for the combined
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f’TIJAl)/ Preliminary ©°

/ Tests & radiations
f

DAC ADS558

35 " 1 fef) 275+ N 1 Rt

30 2 B R R N2
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06 1:19 27 48 63 98 148 139 249 06 1:19 27 43 69 98 148 199 249

= Difference between ON and OFF parts
= Functional at 250krad(Si)
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7 TP, preliminary Co test NP

ADC AD9042

:

1.2+

1R N 1R
N2 o
255- v -
N | NS
250- ———1 s & we
= W = | ; w7 [
= a5 R % N 8 §0FF)
E S = R
N 1005 g N0 0E
2.40-] weseom [ 02 w7
i ' v
235 e 0.0 b =
P B SEREEL R L S L e oecoecooece e L TTTLLLIEEELLITELIEEEE : D2
0671227 1 69 98 148 199 249 06 12202 48 69 9% 148 196 249
Voltage reference Differential non-linearity MAX

= Difference between ON and OFF parts
= Functional at 250krad(Si)
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7 TRAD, prefiminary Co test I

SRAM R1RWO0416

2.2+ N 1 Ref) 2.5+ N 1 Ref)
] w2 w2
18- " N
e s s
16- ws o [ v [
14+ g W
1.2+ N7 [ % w1 o]
g 10- e i wa
§ 054 N i' e
. N 10 2 W10
0.8+ Mo [ v ]
04- vin e
02 M ] M 7
N R e e - |
02— T T T T T T T 1 05— g T T T T T 1
06 13 20 27 48 70 100 148 162 199 227 06 13 20 7 48 70 100 148 199 227

Data Retention Voltage Standby power supply current

= Difference between ON and OFF parts
= Functional at 250krad(Si)
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7 TRAD, preiminary “Co test NI

NAND FLASH MT29F4G08AAC At the step of 100krad,

two devices (N°2 & N°5)
are not measurable

40,0 1R 40,0 1R
L e L L v T NN ——— s
300- O L Z 300 W
g w [ & v [
£ 250- / we o 250 W
£ - S i - =
S £ e
ti150 = " W Els.o W
D10.0— Mo [ Elﬂ.ﬂ v ]
2 o g ., e I
50 . =2 34 |
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50 ! 50

06 13 0 48 70 100 06 13 20 27 48 70 100

= Difference between ON and OFF parts
= Not Functional at 150krad(Si)
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7 TEAD, Combined *Co and SEEIEHI

Preliminary dose characterization allowed to define
total dose level and dose steps for each reference

AD558 \ Step 1 2 3 4 5
AD9042 Total Dose krad(Si) 0 37.5 75 112.5 | 150
R1RW0416 ) Dose rate rad(Si)/h 74
Step 1 2 3 4
MT29F4G08AAC Total Dose krad(Si) 0 33.3 | 66.6 100
Dose rate rad(Si)/h 66

Universit é Catholique de Louvain (UCL) %Co Gamma
Irradiation Facility (GIF)
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Z TrAD

Tests & radiations

SEE test

A

]

3 delidded parts

40 delidded parts
(20 ON + 20 OFF)

10 non delidded parts
(5 ON + 5 OFF)

30 delidded parts
10 non delidded parts

/ Combined °Co

Step 1: 0 krad(Si)

» Parametric tests are performed on all
devices before 60Co irradiation

20 delidded parts
10 non delidded parts

10 delidded parts
10 non delidded parts

» SEE test on 3 delidded devices

0 krad

37.5 krad
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75 krad
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;!;!:!ﬁ!!./ Combined €°Co

Step 2: 37.5 krad(Si)

SEE test .
[ 3 ON + 2 OFF ] » Parametric tests are performed
L unirfadiated on 10 irradiated devices

( Parametric h .
| measurement > SEE te_st on>S dgwces among
the 10 irradiated devices + 1 device
10 delidded parts unirradiated
(5 ON + 5 OFF)

40 delidded parts

10 non delidded parts| 30 delidded parts
10 non delidded parts

20 delidded parts

10 non delidded parts 10 delidffled parts
10 non delidded parts

0 krad 37.5 krad 75 krad 112.5 krad 150 krad
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Tests & radiations

-
SEE test ] SEE test
N 3 ON + 2 OFF

1 unlrradlated

3 delidded parts )

Parametrlc
S measurement )

SEE test
3 ON + 2 OFF
1 unirradiated [ SEE test
A
~

1 umrradlated 3 ON + 2 OFF

Parametric 1 umrradlated
10 delidded parts \__measurement ) Parametric
i measurement Parametrlc
_ measurement
40 delidded parts 10 delidded parts
10 non delidded parts| 30 delidded parts ' 10 delidded parts
10 non delidded parts 20 delidded parts - 10 delidded parts
10 non delidded parts| 10 delidded parts =
10 non delidded parts | 10 non delidded parts|

| | >
»

75krad  1125krad 150 krad

0 krad 37.5 krad
Week 11
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;!;!:!ﬁ!!./ Combined €°Co

Parametric
measurement

A

10 non delidded parts
40 delidded parts

measu

4

|

|

|

- |

Parametric |

[ rement ] I
|

|

A

[ Parametric

10 non delidded parts
30 delidded parts

4

‘ measurement

A

measurement ] [ Parametric ]

10 non delidded parts
20 delidded parts

Parametric
measurement

A

10 delidded parts

10 non delidded parts

10 non delidded parts|

| >
»

0 krad

37.5

o — e —

krad

75

Week 11
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Z TMAI)./ Combined ¢°Co

f

DAC AD558 : Step2 = 37.5krad

AD558 - SET ON Cross Section AD558 - SET OFF Cross Section

1.E-02 1.E-02
Z 1.E-03 - . S z 1.E-03 | . S
xS, s o > *
= ! E ¢
L 1E-04 1 L 1E-04 +*
c = 1
0 1 ie]
g 1 E 1
§ 1E05 3 1.E-05
$ . - - g . n .
o + Step1 unirradiated o + Step1 unirradiated
o 1.E06 ¢ - Step2 irradiated ON o 1.E06 7 - Step? irradiated OFF

Step2 unirradiated Step2 unirradiated
1.E-07 | ‘ ‘ 1.E-07 ‘ | ‘
0 20 40 60 80 0 20 40 60 80
LET (Mev/mg/cm?) LET (Mev/mg/cm?)

= No difference between ON and OFF parts
= No0 Synergy effect at 37krad(Sl)
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/"I'IJAI)/ Combined €°Co

f

Cross Section (cm?/dev)
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ADC AD9042 : Step2 = 37.5 krad

AD9042 - SEU ON Cross Section AD9042 - SEU OFF Cross Section
1.E-03 1.E-03
5 — &
: = § i $ n
u| = &
£ 1.E-04 1 ¢
|
) = =
1.E-04 4 ¢ 8 .
1 3 ?
) 05
+ Step1 unirradiated a T.E05 + Step1 unirradiated
E = Step?2 irradiated ON 8 = Step2 irradiated OFF
Step2 unirradiated Step2 unirradiated
1.E-05 T | | 1.E-06 | | |
0 20 40 60 80 0 20 40 60 80
LET (MeV/mg/cm?) LET (MeV/mg/cm?)

= No difference between ON and OFF parts
= No Synergy effect at 37krad(Si)
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2 TMAI)./ Combined 6°Co

Tests & radiations
f

SRAM R1RWO0614 : Step2 = 37.5 krad

R1RWO0416 - SEU ON Cross Section R1RW0416 - SEU OFF Cross Section
1.E+00 1.E+00
= M ° o * ¢
— 1.E-01 1 2 — 1.E-01 4 B
= Q = ]
@ 1]
= 1E02- % = 1E024 %
e &
L &)
— 1.E-03 - — 1.E-03 4
0 .0
S 1.E04 - S 1E-04 A
0 L 0y} ]
] i ()] i
2 1.E-05 + Step1 unirradiated g 1E-05 + Step1 unirradiated
© 1.E-06 - = Step? irradiated ON o 1.E-06 - = Step? irradiated OFF
Step2 unirradiated Step2 unirradiated
1.E_07 T T T T T T T 1E_O? T T T T T T T
0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80
LET (MeV/mg/cm?) LET (MeV/mg/cm?)

= No difference between ON and OFF parts
= No0 Synergy effect at 37krad(Sl)
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Z TMAI)./ Combined ¢°Co

f

NAND FLASH MT29F4G0O8AAC : Step2 = 33.3 krad

MT29F4G08BABADA SEU ON Cross Section MT29F4GOBABADA SEU OFF Cross Section
1.E+00 1.E+00
= 0 n > 01 4 a
&_8- 1.E-01 = o s Ng 1.E-01 = o) s
E 1.E-02 ~ 5 1.E-02 ~
C C
S 1E-03 | 4 S 1E-03 1 &
s E 8 "
n 04 - [0 04 -
@ 1E-04 + Step1 unirradiated @ 1E-04 + Step1 unirradiated
8 1.E-05 4 = Step2 irradiated ON 8 1.E-05 - = Step? irradiated OFF
4 Step?2 unirradiated [ Step?2 unirradiated
1.E-06 \ | \ 1.E-06 \ | \
0 20 40 60 80 0 20 40 60 80

LET (MeV/mg/cm?) LET (MeV/mg/cm?)

= No difference between ON and OFF parts
= No0 Synergy effect at 37krad(Sl)

CNES / ESA Days March 10 2( >

(0]
(dp)
Q
y

—=

—
)4
{
\
i



= |mpact of TID on SET shape
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Output Volatge (V)

05....|.‘..|...‘|....
0.0E+00  1.0E-05  2.0E-05 3.0E-05 4.0E-05

= |mprint effect on SRAM Tine ©

» During the 9°Co total dose irradiation AA pattern is written at
all addresses

» the SEU test pattern is AA in half of the memory array , and
the complementary pattern 55 in the other half

= |mpact of TID on SEFI signature
= |mpact of TID on SEL sensitivity
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7 TEa8, conclusion I

Up to now, no impact of TID on SEE sensitivity,
But ...
The project is still in progress
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Tests & radiations

TID Influence on the SEE sensitivity of
Active EEE components
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