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Study description

* The objective is to define a procedure for part selection
and assessment regard TID and TNID cumulative
constraints.

* Three part types were procured : diodes and transistors
can be irradiated separately.

Al;Gaj_xAs diode

Part name )
Stoechiometry
4
N49 (880 nm) / <=0.02
ISOLINK
OLH249 (830 nm) ol 3 different technologies
ISOLINK '
66099
(660 nm) / <=0.35
MICROPAC

)
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Study description

A CTR
3 Samples per irradiation group ®pi
Proton
fluence _ :
= 3 different proton energies:
é\' . 60 MeV oma
3 7
ANGE I 100 MeV ~ oma
\6\\ 9
T~ 200 MeV omA
> (I)p
(Dpl CDpz (ng

N7

End Irradiation Fluen

)
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Study description

» Measured parameters: =Measurements versus:

" CTRpto = Fluence
" CTRdiode = NIEL from tables or
* CTR ansistor calculated with GEANT4

- DIOde’S TRRO

Several NIEL tables exist on pure AsGa
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erved.
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scattering => within 10% shift between x=0 and x=0.35

Study description

" NIEL was calculated with GEANT4 on Al,Ga, ,/As
material with the modified module for coulombic

(Nuclear)

All the space you need

Ep NIEDR Si AsGa Al’;gzla}‘As Ai}‘—Gfll "”(/AS
= 0 —_— 0
(MeV) [(MeV.em?/g)l(p=2,33)|(p=532)| "Z g3y [ ST o)
) b
SRS | 74410 | 1204107 | 1213107 | 1213103
60 (Coulombic)
Inelastic 5.88.104 | 7.39.10 825104 | 7.99.10
(Nuclear)
st g 10410° | 776104 | 7,6410% | 817.10%
o (Coulombic)
Inelastic 5.83.10% 8.48.10 7.24.10 7,54.10
(Nuclear)
ElaStIC . 5’7010_4 4,32.10-4 4,1 910—4 4,00.10-4
. (Coulombic)
Inelastic 4,99.10* 7.76.10* 6,51.104 6,06.10
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Study description

= Comparison between Barry’s value and Calculation
with GEANT4, using modified module (Mend-2006)

All the space you need

Silicon AsGa
Ep NIEDR
MeV) | (MeV.cm /oy [FEANT4| Basry |GEANT4| Barry
Elastic * 1, 511 103]336.10% [ 1,204.10° | 1,60.107
60 (Coulombic)
Inelastic 4 -4
(Nuclear) 5,88.10 7,39.10
Hase 110410 2,6010% | 7,76.10* [ 1,25.103
100 (Coulombic)
Inelastic 4 -4
(Nuclear) 5,83.10 8,48.10
ElaStIC. 5’70'10_4 2’02.10_3 4,32'10—4 8,5.10_4
200 (Coulombic)
Inelastic 4,99.10 7.76.10
uclear

» Hypothesis of 10um
target thickness

!

= Some discrepancy
between Barry’s table

and GEANT4 results
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Experimental set-up presentation

= Parts were procured with diodes and transistors as
separate elements.

* The experimental set-up allows to separate the
contribution of the irradiated diodes and transistors
In the overall degradation, thanks to the

measurements done with un-irradiated reference
parts.

= All the measurements are remote controlled for

EADS
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Experimental set-up presentation

= During the irradiation, diode and transistors are coupled

Irradiated parts <
;-’I_ <
o T i ) )
] — /
‘5 (2) transistors | <
;
J"'r. :"rz_
-~ (1).diodes i Protons beam

/ / :
.-"I.I _;’rl =
i o f‘: / La)
1 A y f
di d / /
(3) dio es /
: VA
(4) transistors / [M
': I: — /
e E ( 7'__'—' o / /
i _I,"'. .r;.r
Pristine parts as references ’ (
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Experimental set-up presentation

» Set-up with detailed view of two coupled branches

ontent shall not be disclosed. All rights reserved.

agreement. Its c
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Experimental set-up presentation

o
@

<
* Photo-transistors and diodes during irradiation

—=== = During and after irradiation

Irradiated photo-transistors and diodes

Pristine diodes and photo-transistor ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ )
as references ;

perty of Astrium. It shall not be communi

-= After irradiation :

pi

Pristine diodes and photo-transistors
as references for measurements
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Experimental set-up presentation (VIDEO)

)
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Experimental results =4 EOMeY

= CTR versus fluence : 4N49

e m A 200 MeV

» The degradation at 200 VeV seems > at > 60
MeV

g

Diode degradation measured with reference transistor Transistor degradation measured with reference diode

_§> 4N49 IF=1mA rel.CTR 4N49 IF=1mA rel.CTR

z 1

g 0.9 0.9 %

g 0.8 1 N 0.8 Fﬁ ﬁ

5 07 Qa 0.7 -

£ o6 H s Supposed to have reached the 06 | o

P 05 ﬁ same level of degradation 05 | . 9 3} 8

= : a a

2 A A \ o 2 loo)

5 0.4 g 0.4 o,

03 a. & A \ 03 | °° 3 8 ° o

% » 6 °

5 024 ¢ Fo s 0.2 -

3 0.1 ° ° o § 0.1

E 0 T T T T T 0 - T T T T T

§ 0.0E+00 2.0E+10 4.0E+10 6.0E+10 8.0E+10 1.0E+11 1.2E+11 0.0E+00 2.0E+10 4.0E+10 6.0E+10 8.0E+10 1.0E+11 1.2E+11
£ fluence [cm-2] fluence [cm-2]

§ 4N49 IF= 1mA rel.CTR

5 1

;o Optocoupler degradati

3 ocoupler degradation . . , . .
£ o8 P P g = The diode is the main contributor to the overall degradation
5 o7

<

5 06

%

2.0E+10 4.0E+10 6.0E+10 8.0E+10 1.0E+11 1.2E+11
fluence [cm-2]

@g 0 ] wg ‘ 9 00
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Experimental results e oMy
= CTR versus fluence : OLH249

E A 200 MeV

OLH249 IF=1mA rel.CTR

£ Diode degradation measured with reference transistor Transistor degradation measured with reference diode
';5:” OLH249 IF=1mA rel.CTR OLH249 IF=1mA rel.CTR

3 12 =

§ 0.9 mﬁ—ﬁa

§ 1 :%% 0.8 - %6 qg ° 8

Ei % % a %o 0.7 8 K o 0.00

: 0.8 foligo ' 58 s ¢ o s 00

E 8 88 0.6 ‘.7
ﬁ 0.6 0.5

§, ) / 0.4

5 o Supposed to have reached the 03

2 o02] same level of degradation 02

2 0.1

:§ 0.0Ex00  20E+10 40E+10  60E+10 ~ 8OEX10  1.0E+11 12E+11 00E+00 20410  40EH0 600 8.OEHO 1 0E+11 1.2E+11
% fluence [cm-2] fluence [cm-2]

'g 1.2

i ﬁ ‘@ Optocoupler degradation = The transistor is the main contributor to the overall

' by &s degradation

3 0.6 1 8 .

3 %% 2 = The degradation at 200 e\ seems > at 100 MeV/ > 60
g [e]

0.4 ° o o0 - MeV

6.0E+10 8.0E+10 1.0E+11 1.2E+11

fluence [cm-2]

0.0E+00 2.0E+10 4.0E+10
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Experimental results

= CTR versus fluence :

Diode degradation measured with reference transistor

66099 IF=1mA rel.CTR
1.2

15

%a%%s

0.8
8g 2 e 00

0.6 /
0.4
Supposed to have reached the

02 ———same-level of degradation

0 +o
0.0E+00

6.0E+10 8.0E+10 1.0E+11

fluence [cm-2]

2.0E+10 4.0E+10 1.2E+11

66099 IF=1mA rel.CTR
1.2

]
J%ﬁ Optocoupler degradation
0.8 g& & a %

¢ N sk, o
06 ° 8¢ =

oo
o0

ool e
Q|0

0 +o
0.0E+00

6.0E+10 8.0E+10 1.0E+11

fluence [cm-2]

2.0E+10 4.0E+10 1.2E+11

e H A 60 MeV
© o A 100 MeV
e m A 200 MeV

66099

Transistor degradation measured with reference diode

66099 IF=1mA rel.CTR

1.2

18

mﬁ%%ﬂ %f $q 2

0.8

0.6

0.4

0.2 4

0 +-o

0.0E+00 6.0E+10 8.0E+10 1.0E+11

fluence [cm-2]

2.0E+10 4.0E+10 1.2E+11

= The diode is the main contributor to the overall degradation

= The degradation at 200 MeV seems ~ at 100 VeV ~ 60
MeV
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Experimental results
= CTR versus NIEL: which NIEL to use?

NIEDR in AsGa [MeV.cm?.g™]

2.0E-03 4

s °

< 1.8E-03 ]

£ 16E-03 = As in [4], a target thickness of 10 um
5 14503 ] was considered for the elastic NIEL

: calculation with GEANT4

§ 1.2E-03 ]

. 1.0E-03 ] , :

] Barry [1] = In GEANT4, the MultiScattering module
¢ 8.0E-04 _ _ was skipped and replaced by the

! omod CEANTA eSS module given by M.H.MendenHall et
] A Barry [4] R.A. Weller [4].

¢ 4.0E-04 _

£ 1 GEANT4 elastic

§f 2.0E-04

£ 0.0E+00 - ‘ ‘ ‘ ‘

0 50 100 150 200 250

5 energy [MeV]

[4] R.A. Weller et al., “A screened scattering Coulomb.n le for displacement damage computations in GEANT4”,

urneau and J. Vincent,
SaAs LEDs for 1-500 MeV Protons,
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Experimental results vs Elastic NIEL ¢ =+ %M
* CTR versus NIEL (GEANT4): 4N49

e m A 200 MeV

Diode degradation measured with reference transistor Transistor degradation measured with reference diode
% 4N49 IF=1mA relCTR D 4N49 IF=1mA rel.CTR T
3 1 1
2 o9 0.9
2 os. Supposed to have reached the 08 |
I oorl same.degradatlon level at all 07 g
E 0.6 energleS 0.6 Qﬁi
2 A e 8
Boosi g 0.5 —k§ a3
S 04 g“ 0.4 ‘.65 $ s o
-ig 03 gitﬁ‘ 03 '2 e o
5 4 8 of &
5 02 " - 6o 0.2
£ o1 i g o ° 0.1
g 0 : : : : : 0 - : : : :
E 0.0E+00 2.0E+07 4.0E+07 6.0E+07 8.0E+07 1.0E+08 1.2E+08 0.0E+00 5.0E+07 1.0E+08 1.5E+08 2.0E+08 2.5E+08
s NIEL AsGa GEANT4 [MeV .g-1] NIEL Si GEANT4 [MeV .g-1]
8 4N49 IF=1mA rel.CTR op
£
2
§ 09
§ 08
£ 07| : = The diode is the main contributor to the overall degradation
£ o6l Optocoupler degradation
T 05 T+ Of . .
Dol pofl = The degradation at 200 MeV is > at 100 VeV > 60 MeV
0.3 s g " a
0.2 g 63
0.1 1 & 8
0 o ‘ ® % @ g ¢ L . |l
0.0E+00 2.0E+07 4.0E+07 6.0E+07 8.0E+07 y
0T A i EADS

NIEL AsGa GEANT4 [MeV .g-1] t
= =] =



Experimental results vs. Elastic NIEL

e H A 60 MeV
©o o A 100 MeV
e m A 200 MeV

» CTR versus NIEL (GEANT4): OLH249

OLH249 IF=1mA relCTR D

Diode degradation measured with reference transistor

1.0E+08

Optocoupler degradation

it a

8

[ce]

@ o
[o]

[=el 2
o
@0

T 12

' Bmag

5 a

: Boa .

2 08l °] et e,

. : g 8 ‘ ° go o

% 0.6 - 8

£

i Supposed to have reached the
-~ same level of degradation at all
f energies

& 0.0E+00 2.0E+07 4.0E+07 6.0E+07 8.0E+07
2 NIEL AsGa GEANT4 [MeV .g-1]

E OLH249 IF=1mA rel.CTR op

2 12

g

I

86

0.0E+00

4.0E+07 6.0E+07 8.0E+07

NIEL AsGa GEANT4 [MeV .g-1]

2.0E+07

Transistor degradation measured with reference diode

OLH249 IF=1mA relCTR T

1%
0.9 a

0.8 1

0.6

Y}

o7l e § g
: 8 ¢

0.5
04

0.3
0.2

0.1

0

0.0E+00

1.0E+08 1.5E+08 2.0E+08

NIEL Si GEANT4 [MeV.g-1]

5.0E+07 2.5E+08

= The transistor is the main contributor to the overall

degradation

= The degradation at 200 MeV is > at 100 MeV >~ 60 MeV
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Experimental results vs. Elastic NIEL

* CTR versus NIEL (GEANT4): 66099

Diode degradation measured with reference transistor

66099 IF=1mA relCTR D

1.2

1K

mﬁuo“%—g%h

0.0E+00

:

£ 08 5@—5—07
‘_E CR 8 8

£ 06

e

5 04

E Supposed to have reached the
S 02 same level of degradation at all
£ energies

'§ 0 +—o ; . ; ;

§ 0.0E+00 2.0E+07 4.0E+07 6.0E+07 8.0E+07 1.0E+08
5 NIEL AsGa GEANT4 [MeV .g-1]

g 66099 IF=1mA rel.CTR op

E 12

‘zf 1 :%

i ﬁia Optocoupler degradation
€

2 0.8 1

2 a % in a 3 °

5 © g [ S

g 06 ® o ° go °

& 0 [<) 90 [

g ® °

+—o

4.0E+07 6.0E+07 8.0E+07

NIEL AsGa GEANT4 [MeV.g-1]

2.0E+07

1.2

1

0.8

0.6

0.4

0.2

0

0.0E+00

= The diode is the main contributor to the overall degradation

e H A
o O A

e B A

60 MeV

100 MeV
200 MeV

Transistor degradation measured with reference diode

66099 IF=1mA relCTR T

%Qf 8% o ., ,

L L & LR T

1o

1.0E+08 1.5E+08
NIEL Si GEANT4 [MeV.g-1]

5.0E+07

2.0E+08

2.5E+08

= The degradation at 200 VeV is > ~at 100 MeV ~ 60 MeV
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Experimental results vs. (Elastic+Inelastic) NIEL
= CTR versus NIEL (GEANT4): 4N49

Diode degradation measured with reference transistor Transistor degradation measured with reference diode

4N49 IF=1mA rel.CTR D AN49 IF=1mA relCTR T

1.2

:
2ol Have reached the same degradation 09 |
z level at all energies 0.8 -
5 081 07 329
2 3 0.6
E 0.6 4 a 05 | oa s
® 04 L SV 0.4 8 .5.6323 o
.g 90@ A AA A 0.3 4 ?§ o
£ 021 “ 9°? o g o 0.2
® 90 o g 01
20 ‘ ‘ ‘ ‘ ‘ ‘
£ 00E*00 20E+07 40EH07  6.0E+07 B8OE+07  10E+08  12E+08  1.4E+08 000;300 5.0E+07 1 0E+08 1 55408 2 0E+08 2 5E408
T NIEL AsGa GEANT4 [MeV.g-1] : : NIEL Sl CEANT4 [M.eV.g-1] ’ :
.§ 4AN49 IF=1mA rel.CTR op
8 Mg
E 091
£ o8] : = The diode is the main contributor to the overall degradation
€ g7 Optocoupler degradation
E 0.6 - N
{os = The degradations are comparable at all energies
o 0.4 i
28 A

0.3 4 g Aa

o2 8

0.1

0 $°®80 go 5 a

0.0E+00  2.0E+07 4.0E+07 6.0E+07 8.0E+07  1.0E+08  1.2E+08
NIEL AsGa GEANT4 [MeV.g-1]
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Experimental results vs. (Elastic+Inelastic) NIEL
» CTR versus NIEL (GEANT4): OLH249

Diode degradation measured with reference transistor

OLH249 IF=1mA rel.CTR D

z
5 12
1 g
5 fBua o a
8

8 0.8 8 2 gao .
2 8 °l °eo ¢
= 9 8 [0}
g 0.6 8
5 o Supposed to have reached the
s ' same degradation level at all
H 0.2 1 energies
£
H 0 : : : : : :
£ 0.0E+00 2.0E+07  4.0E+07 6.0E+07 8.0E+07 1.0E+08 1.2E+08 1.4E+08
° NIEL AsGa GEANT4 [MeV .g-11
:‘i; OLH249 IF=1mA rel.CTR op
E 1.2
‘zf 1 :%
2 . |
- i Optocoupler degradation
5 0.8
&
3 B2 afe
s 06 8 g8 _
Q ® § ? og 8

0.4 - °

0.0E+00

2.0E+07

4.0E+07  6.0E+07  8.0E+07 1.0E+08  1.2E+08

NIEL AsGa GEANT4 [MeV.g-1]

Transistor degradation measured with reference diode

0.9 4
0.8

%

OLH249 IF=1mA relCTR T

0.7

e

o8

0.6

© [}
. o9
8

el

o
° 8

0.5

0.4

0.3
0.2

0.1 4

0

0.0E+00

5.0E+07

1.0E+08 1.5E+08 2.0E+08

NIEL Si GEANT4 [MeV.g-1]

2.5E+08

The transistor is the main contributor to the overall
degradation

_"_--The degradations are ~greater at 200 MeV than the other
energies
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Experimental results vs (Elastic+Inelastic) NIEL
» CTR versus NIEL (GEANT4): 66099

Diode degradation measured with reference transistor

66099 IF=1mA rel.CTR D

LT 8 88g ¢ 829 40 .

0.8 °
¢ 8 sg ¢ 33
0.6
o4 Have reached the same degradation
level at all energies
0.2
0

0.0E+00  2.0E+07  4.0E+07  6.0E+07  8.0E+07 1.0E+08  1.2E+08 1.4E+08
NIEL AsGa GEANT4 [MeV .g-11
66099 IF=1mA rel.CTR op

o

[«
o0
88
coe
O

@0
eoce
@0

4.0E407  6.0E+07  8.0E+07 1.0E408  1.2E+08

NIEL AsGa GEANT4 [MeV.g-1]

0.0E+00  2.0E+07

Transistor degradation measured with reference diode

66099 IF=1mA relCTR T

1.2

i T
0.8 # Fgoogg"wﬁ_g

0.6

0.4 4

0.2 -

0 ‘ ‘ ‘ ‘
0.0E+00 5.0E+07 1.0E+08 1.5E+08 2.0E+08 2.5E+08
NIEL Si GEANT4 [MeV.g-1]

= The diode is the main contributor to the overall degradation

= The degradations are comparable at all energies
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Experimental results Preliminary conclusion

» Relative CTR degradations are :

= Greater at 200 MeV than at the other energies if the
considered NIEL is based on Barry’s table (results not shown
here) or elastic contribution

= Comparable within [60MeV-200 MeV] range if the (elastic +
inelastic) contributions are considered.

)
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Experimental results

= Effect of NIEL on tgR.

10.0m

applied [F=8mA —emm
6.0m
4.0m
2.0m
0.0
=Z.0m

Trp after intermediate fluence @p

I [mA]

Trr after Ops Trro before irradiation

Trr IS Measured at IR=-4 mA

EADS i
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Experimental results

= Effect of NIEL on 1 : Correlation between diode’s
absolute CTR degradation and its Ty degradation

4N49 IF=1mA abs.CTR(diode) vs TRR IR= -4mA

5.0E-02 —
4.5E-02 pre-irradiation / >
' T%
4.0E-02 - / &- "10 ..)
)
3.5E-02 / - L
dp1 \
3.0E-02 ,[ >/§_\
2.5E-02 - (e R B
a
2.0E-02 o2 .
1.5E-02
o T
1.0E-02 \ P SN
L
5.0E-03 Coe ‘E o'oj
0.0E+00
0 100 200 300 400 500 600

TRR at IR= -4mA [ns]

= Consi ‘and post irradiation

» diode’s CTR is not

)
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Experimental results

0.6

= Effect of Tz, ON the relative diode’'s CTR degradation

Let’s define Arel.CTR = (CTR,-CTR)/CTR, = (1 - CTR/CTR,)) at one NIEL
value

4N49 IF=1mA DELTA rel.CTR(diode) est. at NIEL AsGa GEANT4
[MeV.g-1]=8e6 vs TRRO

e H A 60 MeV

0.55 ~
0.5

© 8 4 100 MeV

@ m A 200 MeV

0.45 -
0.4

0.35 A

0.25 ~

[Arel.CTR increase

- One salient feature :
the lowest the tr,, the lowest the
degradation.

100 200 300 400 500 600
TRRO at IR= -4mA [ns]

OLH249 IF=1mA DELTA rel.CTR(diode) est. at NIEL AsGa GEANT4
[MeV.g-1]= 8e6 vs TRRO

4 Ao
A

| Arel.CTR increase

EADS
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Experimental results

= Effect of 1z, ON the relative diode’s CTR degradation

erved.

4AN4A9 Drel.CTRat IlEF1ImA vs rel. TRR at IR=-4mA

1 a

<

¥ 0.9

2 0.8

z E 0.7

% =

E d oe Fluence / NIEL

2 % o5 increase

: : »

£ QAI e m a4 60MeV
£ o _ 5‘;{“ © B 4 100MeV
0.2 Y © m A  200MeV
o M

2 0 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘

8 0 0.1 02 03 04 05 06 07 08 0.9 1

TRR/TRRO at IR=-4m A

= This function can be fitted according to CTR/CTR,=(tgg/trge)N, @and N integer
greater than 1 [2. Bl

___—‘ :
[2] A. L. Barry, A. J. Houdayer, P. F. Hinrichsen, W. G., Letourneau and J. Vincent, “The Energy Dependence of Lifetime

Damage Constants in GaAs LEDs for 1-500 MeV Protons,” IEEE Trans. Nucl. Sci., 42, 2104 (1995)
[3] A.J. Houdayer et al., GaAs LED based NIEL spectrometer fort he space radiation environment,
IEEE Tr. on Nuclear Science, vol.47, no.3, June 2000. |
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Experimental results

= Effect of 1z, ON the relative diode’s CTR degradation

" CTRICTR,=(tre/trro)t  [1]  Since A(1/1gg) = K@ = Ky NIEL, [2]
=> Arel.CTR = (1 - CTR/ICTR,)
= 1- (trro/TrRR)™"
= 1- (T+1xRe- Ky @)™ [3]
= 1- (1+1rro- Knier- NIEL)™N [4]

=> According

sion, one can expect Arel.CTR increase with

obtain K,orKyg andN.
EADS -
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Experimental results

= calculation of N on 4N49:

4N49 DpowerNat IF=1mA and at IR=-4mA

Nmedium=2.6

PO 5

100 150 200
energy [MeV]

0 50 250

4N49 DpowerNat IF=10mA and at IR=-4mA

2.9
2.7
2.5
2.3
2.1 .
Nmedium=1.81
1.9 | $ A e
1 | Y & ............................................... g ......
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= For a given IF, N does not depend upon the proton energy.
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Experimental results
= Calculation of Kz, (GEANT 4 Elastic) on 4N49:

4N49 K GEANT4 [g.MeV-1.ns-1] at IR= -4mA vs energy
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Experimental results

* (1 - CTRICTR,) at a NIEL of 8.106 MeV.g-1 (GEANT4

ELASTIC) with respect to Tz, (4N49 points)

IF=1mA DELTA rel.CTR(diode) est. at NIEL AsGa GEANT4 [MeV.g-1]=

0.6 8e6 vs TRRO
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Experimental results : relative diode degradation
= Arel.CTR (diode) = (1 - CTR/CTR,)) , NIEL = 8.10° MeV/g @
If = 1mA

IF=1mA DELTA rel.CTR(diode) est. at NIEL,AsGa GEANT4 IMEYV IR Giode) est. at NIEL AsGa GEANT4 [MeV.g-1]=

ontent shall not be disclosed. All rights reserved.

0.6 8e6__vs TRRO
: 0.10 -~ :
4 Increasing degradation  Eeo o N
05 - : > e
L 04
: 03
%
g 02 L
3 A~
: e
E 0.1+ =
E =
g OLH249 '
ﬁ 0.0 66099 ‘ 0.00 ‘ ; :
% 100 200 308 69_% 50 60

8e6 vs TRRO

All the space you need

TRRO at IR=-4mA

TRRO at IR=-4mA

EADS |

askErium




Experimental results : relative diode degradation

= Arel.CTR (diode) = (1 - CTR/CTR,)) , NIEL = 8.10° MeV/g @
If =10 mA

IF=10mA DELTA rel.CTR(diode) est. at NIEL AsGa GEANT4 [MeV.g-1]=
8edFv4GmA0 DELTA rel.CTR(diode) est. at NIEL AsGa GEANT4 [MeV.g-1]=
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Experimental results : relative diode degradation

= Arel.CTR (diode) = (1 - CTR/CTR,) , NIEL =4,9.10” MeV/g
@ If = 1mA

IF=1mA DELTA rel.CTR(diode) est. atAxIEn As GE GEANTL[NRWigdgFest. at NIEL AsGa GEANT4 [MeV.g-1]=
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Experimental results : relative diode degradation

= Arel.CTR (diode) = (1 - CTR/CTR,) , NIEL =4,9.10” MeV/g
@ If =10 mA

IF=10mA DELTA rel.CTR(diode)lest1@n\WEIDELGA GEENR{JIMdd¥)gdf—at NIEL AsGa GEANT4 [MeV.g-1]=
4,88e7 vs TRRO 4,88e7 vs TRRO
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Experimental results : relative optocoupler
degradation @ If=1 mA & NIEL= 4,9.10" MeV/g
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= Discrepancy for OLH249 : remember, the main
contribution to degradation is coming from transistor
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Experimental results : relative optocoupler
degradation @ If= 10 mA & NIEL=4,9.107" MeV/g
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= Discrepancy for OLHZZQ : remember, the main
contribution to degradation is coming from transistor
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Experimental results : relative optocoupler
degradation @ If= 1 mA & NIEL=4,9.10" MeV/g

IF=1mA DELTA rel.CTR op est. at NIEL AsGa GEANT4 [MeV.g-1]=
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Experimental results : relative optocoupler
degradation @ If= 10 mA & NIEL=4,9.10" MeV/g

IF= 10mA DELTArel.CTR op est. at NIEL AsGa GEANT4 [MeV.g-1]=
4.88e7 vs TRRO
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Experimental results : relative optocoupler
degradation @ If= 1 mA & NIEL=4,9.10" MeV/g

IF=1mA DELTArel.CTR op est. at NIEL AsGa GEANT4 [MeV.g-1]=

4.88e7 vs TRRO
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Experimental results : relative optocoupler
degradation @ If= 10 mA & NIEL=4,9.10" MeV/g

IF=10mA DELTA rel.CTR op est. at NIEL AsGa GEANT4 [MeV.g-1]=

4.88e7 vs TRRO
1.0

0.9 1
0.8 -

ontent shall not be disclosed. All rights reserved.

g m
]
LY
. \)
S\ )
NS
\‘ N
¥} ¥
\}
A Y Ay
13
\ 1 \}
\ Y
+ \1
\“\ 11
A Y \1
+
\ “
‘\
] R
LY
1
>
o
O
Te)
-

07 »
0.6 e e m o 60MeV
//a\ ) “2;?;’//’ \\\11\5_—_——’/////
0.5 oA L © 0o A 100 MeV
A .2 e m A 200 MeV

0.4 -

0.3 -
OLH249

unicated to third parties without prior written agreet

0.2
E 66099
0.1
0.0 ‘ ‘ ‘ ‘ ‘
E 0 100 200 300 400 500 600
> TRRO at IR= -4mA

EADS

All the space you need askErium



Conclusion

= NIEL calculation performed with GEANT4 (elastic) and
(elastic + inelastic) on AsGa thickness of 10um

» Degradation vs. NIEL curves fit very well within [60-200

MeV] range under the assumption of total NIEL.
= Optocoupler testing can be performed with a single energy with
confidence in results representativeness
» To investigate the possibility to extend it to other optoelectronic devices

= |f only elastic contribution is considered, then the curve at
200 MeV show some higher degradation as compared with
the 60 and 100 MeV. Some contribution coming from
material surrounding the active layer is suspected.

= The lower the 1rgy the lower the degradation
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Conclusion

= Equations [1] to [4] used for 4N49, allowed to predict
the degradation of other diodes corresponding to other
technologies vs. NIEL, after Kz, (4N49) and N(4N49)

parameters obtained by non-linear regression.

= The diode degradation is only depending on tzg, NOt
on its technology.

= Part selection based on diode trg, and transistor txx,
measurement seems a relevant criteria for optocoupler
assessment regarding TNID : the lower 1z, Would

lead to the lower degradation for both transistor and
diode. o
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Conclusion

= Work on going:

= Verify that lower transistor tzz, would lead to lower optocoupler
degradation

= Verify that equations [1] to [4] applied to TID with K;,5(4N49) and
N(4N49) regression allow to predict diode / optocouplers TID
degradation.
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Conclusion
* This study could be performed after:
= More than 21000 measurements,
= 15 pizzas great size,
= 5 kg cakes,
= 1kg peanuts...
= 12 L Beers (not for me)

= 20 L banana juices (for me) also...
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