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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.

Part name 
AlxGa1-xAs diode 

Stoechiometry 

4N49 (880 nm) / 
ISOLINK 

x=0.02 

OLH249 (830 nm) / 
ISOLINK 

x=0.11 

66099 (660 nm) / 
MICROPAC 

x=0.35 

3 different technologies
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3 Samples per irradiation group Φpi

Study description

End Irradiation Fluences 

3 different proton energies:

60 MeV

100 MeV

200 MeV
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Study description

Measured parameters:

CTRopto

CTRdiode

CTRtransistor

Diode’s τRR0

Measurements versus:

Fluence

NIEL from tables or 
calculated with GEANT4

Several NIEL tables exist on pure AsGa
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Study description
NIEL was calculated with GEANT4 on AlxGa(1-x)As 
material with the modified module for coulombic 
scattering => within 10% shift between x=0 and x=0.35

6,97.10-46,06.10-46,51.10-47,76.10-44,99.10-4Inelastic 
(Nuclear)

3,93.10-44,00.10-44,19.10-44,32.10-45,70.10-4Elastic 
(Coulombic)

200

6,10.10-47,54.10-47,24.10-48,48.10-45,83.10-4Inelastic 
(Nuclear)

7,57.10-48,17.10-47,64.10-47,76.10-41,104.10-3Elastic 
(Coulombic)

100

6,61.10-47,99.10-48,25.10-47,39.10-45,88.10-4Inelastic 
(Nuclear)

1,201.10-31,213.10-31,213.10-31,204.10-31,744.10-3Elastic 
(Coulombic)

60

AlxGa1-xAs
x=35%

( ρ = 5,13 )

AlxGa1-xAs
x=11 %

( ρ = 5,26 )

AlxGa1-xAs
x=2%

( ρ = 5,31 )

AsGa
( ρ = 5,32 )

Si
( ρ = 2,33 )

NIEDR 
(MeV.cm²/g)

Ep 
(MeV)
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Study description
Comparison between Barry’s value and Calculation 
with GEANT4, using modified module (Mend-2006)

-7,76.10-4-4,99.10-4Inelastic 
(Nuclear)

8,5.10-44,32.10-42,02.10-35,70.10-4Elastic 
(Coulombic)

200

-8,48.10-4-5,83.10-4Inelastic 
(Nuclear)

1,25.10-37,76.10-42,60.10-31,104.10-3Elastic 
(Coulombic)

100

-7,39.10-4-5,88.10-4Inelastic 
(Nuclear)

1,60.10-31,204.10-33,36.10-31,744.10-3Elastic 
(Coulombic)

60

BarryGEANT4BarryGEANT4
NIEDR 

(MeV.cm²/g)
Ep 

(MeV)

AsGaSilicon Hypothesis of 10µm 
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 
higher efficiency.
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Experimental set-up presentation
During the irradiation, diode and transistors are  coupled

Pristine parts as references

Irradiated parts

(1) diodes

(3) diodes

(4) transistors

(2) transistors

Protons beam

Pristine parts as references

Irradiated parts

(1) diodes

(3) diodes

(4) transistors

(2) transistors

Pristine parts as references

Irradiated parts

(1) diodes

(3) diodes

(4) transistors

(2) transistors

Protons beam
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Experimental set-up presentation

Set-up with detailed view of two coupled branches
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Experimental set-up presentation

During and after irradiation

Photo-transistors and diodes during irradiation

Pristine diodes and photo-transistors
as references

Servo-mechanism

Photo-transistors and diodes during irradiation

Pristine diodes and photo-transistors
as references

Photo-transistors and diodes during irradiation

Pristine diodes and photo-transistors
as references

Servo-mechanism

Irradiated photo-transistors and diodes

Pristine diodes and photo-transistors
as references for measurements

Irradiated photo-transistors and diodes

Pristine diodes and photo-transistors
as references for measurements

Irradiated photo-transistors and diodes

Pristine diodes and photo-transistors
as references for measurements

After irradiation :
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Experimental set-up presentation (VIDEO)
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Experimental results
CTR versus fluence : 4N49

4N49   IF= 1mA   rel.CTR
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Diode degradation measured with reference transistor

4N49   IF= 1mA   rel.CTR
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Transistor degradation measured with reference diode

4N49   IF= 1mA   rel.CTR
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Optocoupler degradation The diode is the main contributor to the overall degradation

Supposed to have reached the 
same level of degradation

The degradation at 200 MeV seems > at 100 MeV > 60 
MeV

60 MeV

100 MeV
200 MeV
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Experimental results
CTR versus fluence : OLH249

Diode degradation measured with reference transistor
OLH249   IF= 1mA   rel.CTR
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 OLH249   IF= 1mA   rel.CTR
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Transistor degradation measured with reference diode

OLH249   IF= 1mA   rel.CTR

0

0.2

0.4

0.6

0.8

1

1.2

0.0E+00 2.0E+10 4.0E+10 6.0E+10 8.0E+10 1.0E+11 1.2E+11
f luence [cm-2]

 

Supposed to have reached the 
same level of degradation

The transistor is the main contributor to the overall 
degradation
The degradation at 200 MeV seems > at 100 MeV > 60 
MeV

Optocoupler degradation

60 MeV

100 MeV
200 MeV
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Experimental results
CTR versus fluence : 66099

Diode degradation measured with reference transistor
66099   IF= 1mA   rel.CTR
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 66099   IF= 1mA   rel.CTR
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Transistor degradation measured with reference diode

66099   IF= 1mA   rel.CTR
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Supposed to have reached the 
same level of degradation

Optocoupler degradation The diode is the main contributor to the overall degradation

The degradation at 200 MeV seems ~ at 100 MeV ~ 60 
MeV

60 MeV

100 MeV
200 MeV



Th
is

 d
oc

um
en

t i
s 

th
e 

pr
op

er
ty

 o
f A

st
riu

m
. I

t s
ha

ll 
no

t b
e 

co
m

m
un

ic
at

ed
 to

 th
ird

 p
ar

tie
s 

w
ith

ou
t p

rio
r w

rit
te

n 
ag

re
em

en
t. 

Its
 c

on
te

nt
 s

ha
ll 

no
t b

e 
di

sc
lo

se
d.

 A
ll 

rig
ht

s 
re

se
rv

ed
.

Experimental results
CTR versus NIEL: which NIEL to use? 

NIEDR in AsGa [MeV.cm2.g-1]

0.0E+00

2.0E-04

4.0E-04

6.0E-04

8.0E-04

1.0E-03

1.2E-03

1.4E-03

1.6E-03

1.8E-03

2.0E-03

0 50 100 150 200 250
energy [MeV]

GEANT4 total

Barry [1]

GEANT4 inelastic

GEANT4 elastic

Barry [4]

[4] R.A. Weller et al., “A screened scattering Coulomb module for displacement damage computations in GEANT4”,
IEEE Tr. on Nuclear Science, vol.51, no.6, December 2004

[1] 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) 

As in [4], a target thickness of 10 µm 
was considered for the elastic NIEL 
calculation with GEANT4

In GEANT4, the MultiScattering module 
was skipped and replaced by the 
module given by M.H.MendenHall et 
R.A. Weller [4].
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Experimental results vs Elastic NIEL
CTR versus NIEL (GEANT4): 4N49

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

The diode is the main contributor to the overall degradation

The degradation at 200 MeV is > at 100 MeV > 60 MeV

60 MeV

100 MeV
200 MeV

4N49   IF= 1mA   rel.CTR   op
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Optocoupler degradation

4N49   IF= 1mA   rel.CTR   D
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Supposed to have reached the 
same degradation level at all 
energies

4N49   IF= 1mA   rel.CTR   T
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Experimental results vs. Elastic NIEL
CTR versus NIEL (GEANT4): OLH249

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

The transistor is the main contributor to the overall 
degradation
The degradation at 200 MeV is > at 100 MeV >~ 60 MeV

60 MeV

100 MeV
200 MeV

OLH249   IF= 1mA   rel.CTR   op
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Optocoupler degradation

OLH249   IF= 1mA   rel.CTR   D
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Supposed to have reached the 
same level of degradation at all 
energies

OLH249   IF= 1mA   rel.CTR   T
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Experimental results vs. Elastic NIEL
CTR versus NIEL (GEANT4): 66099

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

The diode is the main contributor to the overall degradation

The degradation at 200 MeV is > ~ at 100 MeV ~ 60 MeV

60 MeV

100 MeV
200 MeV

Optocoupler degradation

66099   IF= 1mA   rel.CTR   op
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66099   IF= 1mA   rel.CTR   D
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Supposed to have reached the 
same level of degradation at all 
energies

66099   IF= 1mA   rel.CTR   T
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Optocoupler degradation
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4N49   IF= 1mA   rel.CTR   D
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0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

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-1]

Experimental results vs. (Elastic+Inelastic) NIEL
CTR versus NIEL (GEANT4): 4N49

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

The diode is the main contributor to the overall degradation
Optocoupler degradation

Have reached the same degradation 
level at all energies

4N49   IF= 1mA   rel.CTR   T
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The degradations are comparable at all energies
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OLH249   IF= 1mA   rel.CTR   D
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Experimental results vs. (Elastic+Inelastic) NIEL
CTR versus NIEL (GEANT4): OLH249

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

The transistor is the main contributor to the overall 
degradation

Optocoupler degradation

Supposed to have reached the 
same degradation level at all 
energies

OLH249   IF= 1mA   rel.CTR   T
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The degradations are ~greater at 200 MeV than the other 
energies
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66099   IF= 1mA   rel.CTR   D
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Experimental results vs (Elastic+Inelastic) NIEL
CTR versus NIEL (GEANT4): 66099

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

The diode is the main contributor to the overall degradation
Optocoupler degradation

Have reached the same degradation 
level at all energies

66099   IF= 1mA   rel.CTR   T
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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 τRR:

IR [mA] 
τRR

applied IF=8mA 
 
τRR after intermediate fluence ΦP 

τRR0 before irradiation τRR after ΦP3

In the following, τRR is measured at IR=-4 mA
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Experimental results

Effect of NIEL on τRR : Correlation between diode’s 
absolute CTR degradation and its τRR degradation

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

Φp2
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Φp3

Considering the pre and post irradiation 
values, the absolute diode’s CTR is not 
depending on the τRR .
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Experimental results
Effect of τRR0 on the relative diode’s CTR degradation 

Let’s define Δrel.CTR = (CTR0-CTR)/CTR0 = (1 - CTR/CTR0) at one NIEL 
value

60 MeV

100 MeV
200 MeV

 4N49   IF= 1mA   DELTA rel.CTR(diode) est. at NIEL AsGa GEANT4 
[MeV.g-1]= 8e6   vs TRR0
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Δrel.CTR increase

 OLH249   IF= 1mA   DELTA rel.CTR(diode) est. at NIEL AsGa GEANT4 
[MeV.g-1]= 8e6   vs TRR0
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Δrel.CTR increase

• One salient feature : 
the lowest the τRR0, the lowest the 
degradation.
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Experimental results

Effect of τRR0 on the relative diode’s CTR degradation

This function can be fitted according to  CTR/CTR0=(τRR/τRR0)N, and N integer 
greater than 1 [2], [3]

 4N49 D rel.CTR at IF= 1mA vs rel.TRR at IR=-4mA
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TRR/TRR0 at IR=-4mA

C
TR

/C
TR

0 
at

 IF
= 

1m
A

Fluence / NIEL 
increase

60 MeV

100 MeV
200 MeV

[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 τRR0 on the relative diode’s CTR degradation
CTR/CTR0=(τRR/τRR0)N. [1] Since Δ(1/τRR) = Kφ.Φ = KNIEL. NIEL,  [2]

=> Δrel.CTR = (1 - CTR/CTR0)

= 1- (τRR0/τRR)-N

= 1- (1+τRR0. Kφ.Φ)-N [3]

= 1- (1+τRR0. KNIEL. NIEL)-N [4]

=> According to this expression, one can expect Δrel.CTR increase with 
τRR0 increase.
Calculation can be performed to obtain  Kφ or KNIEL and N.



Th
is

 d
oc

um
en

t i
s 

th
e 

pr
op

er
ty

 o
f A

st
riu

m
. I

t s
ha

ll 
no

t b
e 

co
m

m
un

ic
at

ed
 to

 th
ird

 p
ar

tie
s 

w
ith

ou
t p

rio
r w

rit
te

n 
ag

re
em

en
t. 

Its
 c

on
te

nt
 s

ha
ll 

no
t b

e 
di

sc
lo

se
d.

 A
ll 

rig
ht

s 
re

se
rv

ed
.

Experimental results
calculation of N on 4N49:

 4N49 D pow erN at IF= 1m A and at IR=-4m A
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 4N49 D pow erN at IF= 10m A and at IR=-4m A
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4N49 D pow erN at IF= 10m A and at IR=-4m A
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For a given IF, N does not depend upon the proton energy.
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Experimental results
Calculation of KNIEL (GEANT 4 Elastic) on 4N49:

For a given IF, KNIEL is depending upon the proton energy.

 4N49   K  GEANT4 [g.MeV-1.ns-1] at IR= -4mA vs energy
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4N49   K  GEANT4 [g.MeV-1.ns-1] at IR= -4mA vs energy
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KNIEL (200 MeV) > KNIEL (60MeV)



Th
is

 d
oc

um
en

t i
s 

th
e 

pr
op

er
ty

 o
f A

st
riu

m
. I

t s
ha

ll 
no

t b
e 

co
m

m
un

ic
at

ed
 to

 th
ird

 p
ar

tie
s 

w
ith

ou
t p

rio
r w

rit
te

n 
ag

re
em

en
t. 

Its
 c

on
te

nt
 s

ha
ll 

no
t b

e 
di

sc
lo

se
d.

 A
ll 

rig
ht

s 
re

se
rv

ed
.

Experimental results
(1 - CTR/CTR0) at a NIEL of 8.106 MeV.g-1 (GEANT4 
ELASTIC) with respect to τRR0  (4N49 points)

    IF= 1mA   DELTA rel.CTR(diode) est. at NIEL AsGa GEANT4 [MeV.g-1]= 
8e6   vs TRR0
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lowest point 60MeV: F1 #1
K_GEANT4= 3.80E-11
N= 2.71

highest point 60MeV: F2#2
K_GEANT4= 6.39E-11
N= 2.30

lowest point 100MeV: F3 #2
K_GEANT4= 4.55E-11
N= 2.44

highest point 100MeV: F2#1
K_GEANT4= 4.79E-11
N= 2.79

lowest point 200MeV: F1 #3
K_GEANT4= 7.52E-11
N= 2.53

highest point 200MeV: F2#2
K_GEANT4= 8.86E-11
N= 2.47
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Experimental results : relative diode degradation 
Δrel.CTR (diode) = (1 - CTR/CTR0) , NIEL = 8.106 MeV/g @ 
If = 1mA

  IF= 1mA   DELTA rel.CTR(diode) est. at NIEL AsGa GEANT4 [MeV.g-1]= 
8e6   vs TRR0
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    IF= 1mA   DELTA rel.CTR(diode) est. at NIEL AsGa GEANT4 [MeV.g-1]= 
8e6   vs TRR0
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Increasing degradation
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Experimental results : relative diode degradation 
Δrel.CTR (diode) = (1 - CTR/CTR0) , NIEL = 8.106 MeV/g @ 
If = 10 mA

   IF= 10mA   DELTA rel.CTR(diode) est. at NIEL AsGa GEANT4 [MeV.g-1]= 
8e6   vs TRR0
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  IF= 10mA   DELTA rel.CTR(diode) est. at NIEL AsGa GEANT4 [MeV.g-1]= 

8e6   vs TRR0
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Experimental results : relative diode degradation 
Δrel.CTR (diode) = (1 - CTR/CTR0) , NIEL = 4,9.107 MeV/g 
@ If = 1mA

   IF= 1mA   DELTA rel.CTR(diode) est. at NIEL AsGa GEANT4 [MeV.g-1]= 
4,88e7   vs TRR0
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Experimental results : relative diode degradation 
Δrel.CTR (diode) = (1 - CTR/CTR0) , NIEL = 4,9.107 MeV/g 
@ If = 10 mA

   IF= 10mA   DELTA rel.CTR(diode) est. at NIEL AsGa GEANT4 [MeV.g-1]= 
4,88e7   vs TRR0
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   IF= 10mA   DELTA rel.CTR(diode) est. at NIEL AsGa GEANT4 [MeV.g-1]= 
4,88e7   vs TRR0
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Experimental results : relative optocoupler 
degradation @ If= 1 mA & NIEL= 4,9.107 MeV/g
    IF= 1mA   DELTA rel.CTR   op est. at NIEL AsGa GEANT4 [MeV.g-1]= 

4.88e7   vs TRR0
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   IF= 1mA   DELTA rel.CTR   op est. at NIEL AsGa GEANT4 [MeV.g-1]= 
4.88e7   vs TRR0
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Discrepancy for OLH249 : remember, the main 
contribution to degradation is coming from transistor



Th
is

 d
oc

um
en

t i
s 

th
e 

pr
op

er
ty

 o
f A

st
riu

m
. I

t s
ha

ll 
no

t b
e 

co
m

m
un

ic
at

ed
 to

 th
ird

 p
ar

tie
s 

w
ith

ou
t p

rio
r w

rit
te

n 
ag

re
em

en
t. 

Its
 c

on
te

nt
 s

ha
ll 

no
t b

e 
di

sc
lo

se
d.

 A
ll 

rig
ht

s 
re

se
rv

ed
.

Experimental results : relative optocoupler 
degradation @ If= 10 mA & NIEL= 4,9.107 MeV/g
    IF= 10mA   DELTA rel.CTR   op est. at NIEL AsGa GEANT4 [MeV.g-1]= 

4.88e7   vs TRR0
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   IF= 10mA   DELTA rel.CTR   op est. at NIEL AsGa GEANT4 [MeV.g-1]= 
4.88e7   vs TRR0

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0 10 20 30 40 50 60 70 80
TRR0 at IR= -4mA [ns]

66099

OLH249

Discrepancy for OLH249 : remember, the main 
contribution to degradation is coming from transistor
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Experimental results : relative optocoupler 
degradation @ If= 1 mA & NIEL= 4,9.107 MeV/g

66191

    IF= 1mA   DELTA rel.CTR   op est. at NIEL AsGa GEANT4 [MeV.g-1]= 
4.88e7   vs TRR0
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Experimental results : relative optocoupler 
degradation @ If= 10 mA & NIEL= 4,9.107 MeV/g

    IF= 10mA   DELTA rel.CTR   op est. at NIEL AsGa GEANT4 [MeV.g-1]= 
4.88e7   vs TRR0
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Experimental results : relative optocoupler 
degradation @ If= 1 mA & NIEL= 4,9.107 MeV/g

3C91

3C91

    IF= 1mA   DELTA rel.CTR   op est. at NIEL AsGa GEANT4 [MeV.g-1]= 
4.88e7   vs TRR0
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Experimental results : relative optocoupler 
degradation @ If= 10 mA & NIEL= 4,9.107 MeV/g

3C91

    IF= 10mA   DELTA rel.CTR   op est. at NIEL AsGa GEANT4 [MeV.g-1]= 
4.88e7   vs TRR0
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Conclusion
NIEL calculation performed with GEANT4 (elastic) and 
(elastic + inelastic) on AsGa thickness of 10µm
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

If 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 τRR0 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 KNIEL(4N49) and N(4N49) 
parameters obtained by non-linear regression.
The diode degradation is only depending on τRR0 not 
on its technology.
Part selection based on diode τRR0 and transistor τRR0
measurement seems a relevant criteria for optocoupler 
assessment regarding TNID : the lower τRR0 would 
lead to the lower degradation for both transistor and 
diode. 
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Conclusion
Work on going:

Verify that lower transistor τRR0 would lead to lower optocoupler 
degradation 

Verify that equations [1] to [4] applied to TID with KTID(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…

…


