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ELOIS is a Hyperspectral imager

� 2048 x 272 pixels
� 15.5um pixel
� Rad-hard design: TID, SEU, SEL
� 4x1 binning in Y-direction with proton resilience
� BSI
� Global shutter (RWI) and Rolling shutter operation
� Frame rate 50fps nominal, 200fps binned

� QE > 90% in the range 490 – 660 nm
� Dark current ~ 50 e-/s @ room temperature
� Maximum FWC ~ 1200 ke-
� Read noise of 9.3 e- in high gain mode
� MTF > 0.57 for the range 465 – 830 nm
� Non-linearity < 1%
� Global PRNU < 1%
� Typical hot pixel count < 0.001%
� Power 240mW in nominal operation

“ Enhanced Light Offner Image Sensor”



VDDpix

Reset

TG

R
o

w
 s

el
ec

ti
o

n

C
A

Reset 

driver

VDDreset

VSSreset

substrate
VDDA VSSA

VSSA

OA

VDDA

VSSA

outS2D

A
D

C

Video line

co
lu

m
n

column load

SF
FD

PD

Pixel architecture and signal path

Pinned photodiode

Transfer 
gate

Reset
Select

FD

TG2 Gain

FWC High gain: 40 ke-
Low gain: 260 ke-



Test and qualification plan

Stand-alone tester



TID radiation
� ELOIS is rad-hard designed for TID, SEL and SEU
� TID testing at ESTEC

TID setup, 
Co-60 facility, ESTEC, Noordwijk
TID setup, 
Co-60 facility, ESTEC, Noordwijk



TID radiation results
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Dark current evolution with TID dose

T0 = 0krad

T1 = 10krad

T2 = 20krad

T3 = 30krad

T4 = 100krad

24 e-/s 49 e-/s 69 e-/s 340 e-/s92 e-/s

60Co
� No specific backside 

treatment was done

� In the FSI variant of a 
similar sensor in the 
same technology, we 
have observed no 
significant increase of 
dark current 

� This strongly suggests 
that the increase of 
dark current originates 
from damage at the 
backside



QE results

� QE degradation not significant 
for exposure up to 30krad. 

� After 100krad, QE drops by 
5% in the lower wavelength 
region.

� PRNU, CVF, non-linearity, 
power consumption and 
number of  bad / dead pixels 
remain unaffected
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Proton radiation results
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Dark current histograms for proton radiation stages 

t0 = 0 p+/cm2

t1 = 5.2E+08 p+/cm2

t2 = 1.04E+09 p+/cm2

t3 = 6.24E+09 p+/cm2

t4 = 1.14E+10 p+/cm2

t5 = 1.66E+10 p+/cm2

t6 = 2.18E+10 p+/cm2

(50MeV)



Parameter drift during proton dose

0

5000

10000

15000

20000

25000

30000

0 5E+09 1E+10 1.5E+10 2E+10 2.5E+10

D
a

rk
 c

u
rr

e
n

t 
[e

- /
s]

Fluence [p+/cm2]

Dark current evolution during proton irradiation

Device1

Device 2

0

100

200

300

400

500

600

700

800

0 5E+09 1E+10 1.5E+10 2E+10 2.5E+10

FP
N

 [
e-

]

Fluence [p+/cm2]

Fixed pattern noise evolution

Device 1

Device 2

10

12

14

16

18

20

22

24

26

0 5E+09 1E+10 1.5E+10 2E+10 2.5E+10

R
e

a
d

 n
o

is
e

 [
e

-]

Fluence [p+/cm2]

Read noise [CDS frame] evolution during proton irradiation

Device 1

Device 2



2V

2V

2V

p-

Proton resilience by binning
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� Dark current due to total non-ionizing dose: Hot pix els, Blinking (RTS) pixels

No binning Charge domain binning “Maximum operator” binning

Proton resilience by binning



Heavy ion radiation results
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SEU evolution with heavy ion dosage
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SEU vs LET characteristics

Equivalent to 7 year 
operation

Register refresh 
happened each 
“equivalent 8 hours”.

TMR registers fail 
after 2 hits in 8 
(equivalent) hours.

Equivalent to 7 year 
operation

Register refresh 
happened each 
“equivalent 8 hours”.

TMR registers fail 
after 2 hits in 8 
(equivalent) hours.

SEU countermeasures
� TMR registers
� Refresh all register bits before every frame (scrubbing)

SEL strategy
� No SEL observed.  Backup strategy: excess current detection followed by power cycling.



Conclusions

� Parameter deviation observed during endurance and environmental testing was not 
significant.

� Voltage domain binning improves image quality after proton radiation.

� TID, proton and heavy ion induced degradation in electro-optical specifications 
were well within the tolerance.

� Detector space qualification campaign was followed through successfully.
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ELOIS sensor gain modes
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Weibull plot for SEU

Caeleste Confidential

1.00E-05

1.00E-04

1.00E-03

0 10 20 30 40 50 60 70

C
ro

ss
 s

e
ct

io
n

 [
cm

2
]

LET [ MeV / (mg/cm2) ]

Weibull plot



Caeleste Confidential

VDDpix

Reset

TG

R
o

w
 s

el
ec

ti
o

n

C
A

Reset 

driver

VDDreset

VSSreset

substrate
VDDA VSSA

VSSA

OA

VDDA

VSSA

outS2D

A
D

C

Video line

co
lu

m
n

column load

SF
FD

PD

Signal path and Floor plan

272


