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Solar wind

|.What is CCD Radiation Damage?




Radiation environment

keV < E protons < MeV

|.What is CCD Radiation Damage?



Displacement damage

» Collision Proton - Si atom
=) Vacancy - Interstitial atom

» Vacancy can bind with impurities (O, P)

P Vacancy - Impurity complex
m) introduce energy level in semiconductor band-gap

» Energy levels trapped the transferred charges in the CCD
m) increase the
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effects on the

| CTI-free

Photoelectrons Counts

|.What is CCD Radiation Damage!

Images

z{+

Damaged

Transfer—> s




Hardware CT| countermeasures

Empty traps Electron
release

Filled traps

charge injections

Periodical Charge Injections
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Hardware CT| countermeasures

AcCross scan

/ le———>] Anti-blooming drain
Normal buried channel 3or4um Anti-blooming drain

Supplementary buried channel shielding

Channel Clock low L
potentials
(positive) o |

A
/ Voltage level at which pixel is full
Clock high

Supplementary Buried Channel = notch

5
N
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How models supported CTI mitigation!?

BY >>
® Understanding experimental data
® Deepening our understanding of CTI
® Characterizing in detail the CTI effects
® C(alibrating for CTl in the on-ground data processing

® Testing the CTI mitigation strategy R N
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his required a variety of models:

* level ° * computational load
* trap ° * high
* trap ° * high

* image ° * moderate 3
. ..l“
* image ° * low. "

o
. :

* image ° * low .

* pixel architecture ° * high
o image o ~ ‘°‘ |0W e

* trap ° * high T !

* statistical ,%Low’ i
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his required a variety of models:

* level ° * computational load
* trap ° * high
* image ° * low
* pixel architecture ° * high
* trap ° * high T !

* statistical ,%Low’ i

_— “ -_ : .‘ .
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his required a variety of models

Why so many different models and why not using what
already existed?

Different operation of the CCD than e.g., HST:
TDI Time-delayed integration = CCD constantly readout
=>Very low background ( |e-/pixel at readout),

-

=>Very low signal level even for bright stars for a part of the
transit & .

No full frame data, | D images

. . % :‘.".-‘ -.'..";
".». X * '_.' A .'-' y
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Understanding experimental data

+ Deepening our understanding of CTI

] T T T L L ] T T T T C Ao kL I T T T T
—— column 1750, 200 line delay scaled down
B TDI column 1750, 2000 line delay scaled down
column 1750, 6000 line delay scaled down
0.8 column 380, 200 line delay scaled down
. - column 380, 4000 line delay scaled down
column 380, 6000 line delay scaled down
i —— monte-carlo model in TDI mode
g ** Astrium data scaled to 1e10, 100 line delay
o 0.6
)
<
= . .
o - Modelling suggests this
| downward slope may be caused
% 0.4 by diffuse optical background
ﬂ .
-
-~— s
0.2+
1 1 |
?OO

signal (electrons)

0.25

0.15

centroid shift (pixels)

0

T T 1 I

- TDI

Sira TDI data

llll 1

1 lllllll

|

Astrium TDI
data

| S —

10000

signal including background (electrons)

Discrepancy in image location bias and charge loss between
Sira (now Surrey) and Astrium first tests at same signal level
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~ () electrons optical background

~ 5 electrons optical background

~ 10 electrons optical background

running average (0 electrons background)
running average (5 electrons background)
running average (10 electrons background)

Effect of
D.O.B.

z
oo
|

IIII ‘lll]

(*xoxdde spu0d3sdaen) uoiIsdax gop ul JJIys proajudd

model

1000 10000

input signal (electrons)

(trap level ¢

le+05

),showed that‘:

e A difference in the background level of a few electrons makes a,bl

difference

B CTI| models must be density driven not volume drive%
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Understanding experimental data

Imaging mode SIRA Imaging mode Astrium

1.2 -7
. Data 0.12 - Data
10— | = Simulation i — Simulation
g &g o010
g 081 %
3, ‘ . S L
= 0.6 = 0.08
S - S
3 04 S 0.06 -
= _ = 0.06
0.2 _
X 0.04 -
l ..l l.lllll | L1 l | | | | | | | | llll | - l 1 | ; | J
10 100 1000 10000 100 1000 10000
Signal level [e] Signal level [e]]

model (trap level *
= SBCs are not functioning properly in the upper CCRQ half .~ ™ i

' .-' ?"'. - v
"
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Understanding experimental data

Along Scan

3D SIIVACO model of
oV V Astrometric Field (AF) CCD pixel

pixel architecture model

)

mask alignment errors in
the CCD fabrication
process

SBC capacity (electrons)

Seabroke et al. (2010)

e2v design model
Seabroke simulation

Kohley et al. (20

1.5 2.0 2.5 3.0 3.9
SBC doping width (microns)




SBC issue

AcCross scan

/ le———>] Anti-blooming drain
Normal buried channel 3or4um Anti-blooming drain

Supplementary buried channel shielding

Channel Clock low i
potentials
(positive) <
i
s :
/ Voltage level at which pixel is full o
Clock high
2 \ &

Supplementary Buried Channel b e A
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Characterizing in detail the CTI effects

We assessed the impact of CTl on Gaia astrometry
Prod’homme et al. 201 I b, Holl et al. 201 |

. on the image location estimation using

- .“

® Generating a large set of synthetic CTl-free and damaged Gaia=

like images (~40 000 images) using CC/V\@/A

® Computing the theoretical limit to image location

-

® Applying the Gaia image parameter determlnatlon algorltgnfé e

‘.;.‘f". » s ._" X
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Image location

150

Counts

G =16-20

o flux
Himhnm
10 15 X 25 30

Sample §1mha

window

|

40

background
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Image location requirements

per CCD observation

005H " CTl-free | ... ............................ /,H
—  F| = Requirements R at G= |3 image
0 : : R location accuracy <
e i /-/ " i 20 atoms of Si sitting
o L next to each other

............................................................................................................




Intrinsic loss of image location accuracy

due to decrease in S/N induced by charge loss

SBC mitigation
effect

I mltlgatlon effect

.
.
.
.
.

— 4-traps/pixel
~— 1 trap/pixel

...........................................

.................................................

13 14 15 16 17 18 19 20
G-band

Can only be prevented by avoiding trapping

Need for Hardware CTI| countermeasures: %"



Strong bias in the image location

due to image distortion

Cldelay ~15s
Cl delay ~ 275

....... C’Tl_ﬁ'ee
— 1 trap/pixel | - 10
— 4 traps/pixel|

...............................................................................................

—

p—t

Ot
I

....................................................

=
p—
-

Location bias |pixels]

-
5 5 5 ; ey 0 SBC
i - mitigation
effect

Hardware CTI| countermeasures useful but not en_ «
Need for CTI calibration -7 -



Characterizing in detail the CTI effects

We assessed the impact of CTl on Gaia astrometry
Prod’homme et al. 201 I b, Holl et al. 201 |

. on the astrometric solution AGIS using e
(statistical level e ) Ny

® AGIS + image locations for all (single) stars = astrometric ~
parameters for each stars

® Solution for | million stars (semi-realistic star distribution‘in €)

® CTl errors vary as func. of G, t since last Cl, (prev) Solar C{cle »

. )
:“‘ While .
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Errors vs Solution Residuals
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Errors vs Solution Residuals
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Forward modelling approach

illumination
history

sampling

sampled

modelled
counts

image LLI

iImage

observed

counts

4. Mitigation at the Image Processing Level



Image location residual bias

— before

0.03

0.02

CTl-free
— Mitigated 4 traps/pixel
— Mitigated 1 trap/pixel
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4. Mitigation at the Image Processing Level
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Final astrometric accuracy

. Full damage

. CTl-ree
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1000

000
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Relative loss of parallax precision [%]

Final astrometric accuracy
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hanks to important modelling efforts

supported by experimental tests

e were able to demonstrate that:

CCD radiation damage
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Implementation of the CTI mitigation strategy

in the on-ground data processing

remains a challenge
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