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Jovian system e

67 known natural satellites
4 largest are ‘Galilean” moons:
Europa, Ganymede, Callisto and lo

L v
Harsh radiation environment
Gammas
Protons
Heavy ions Ganymede
Electrons
UV aurora. Image credit: NASA
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Jupiter lcy Moon Explorer

1900 kg dry mass
2900 kg of chemical propellant
Launch 2022
8 year cruise phase
3 years of observations in the Jovian system
(2030 to 2033)
Jupiter
Ganymede
Europa

Callisto
Jovian rings, lo and other satellites
O. Grasset et al. “JUpiter ICy moons Explorer (JUICE): An ESA mission to

orbit Ganymede and to characterise the Jupiter system,” (2013) Planetary
and Space Science, 78, 1-21. Image credit: ESA
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JUICE instruments e

11 Instruments with a total mass of around~104 kg
— JUICE dry mass ~1900 kg
— Propellant mass ~2900 kg

* MAIIS - Moons and Jupiter Imaging Spectrometer
* UVS-UVimaging Spectrograph

*  SWI - Sub-millimeter Wave Instrument

*  GALA - GAnymede Laser Altimeter

* RIME - Radar for Icy Moons Exploration

* J-MAG - A magnetometer for JUICE

*  PEP - Particle Environment Package

Image credit: ESA

* RPWI - Radio & Plasma Wave Investigation

* 3GM - Gravity & Geophysics of Jupiter and Galilean Moons

* PRIDE - Planetary Radio Interferometer & Doppler Experiment
* JANUS - Camera system

— An optical camera to study global, regional and local morphology and processes on the
moons, and to perform mapping of the clouds on Jupiter.
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Optical Imager: JANUS -

“JANUS will conduct ... an in-depth comparative study

of Ganymede, Callisto and Europa, and explore most of

the Jovian system and Jupiter itself.”
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J AN U S Jovis, Amorum ac Natorum Undique Scrutator e

Camera Parameter Units Value
Sensitive Wavelength nm 350 to 1064
Filters - 14
JANUS is an optical —
Entrance pupil diameter mm 100
camera to study
: degrees? 1.72 x 1.29
global, regional and Field of view
local morphology and pixels? 2000 x 1504
processes on the Best case mapping resolution —
m pixel <10
moons, and to (Ganymede closest approach)
perform mapping of Sensor temperature °C -50+5
the clouds on Jupiter. krad (Si) 100
Sensor expected end of life 10 MeV
radiation dose protons 1010
equivalent
cm
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JANUS camera model e.

M1

Baffle

DN\

Tubular
mechanical
support

Primary

Focal Plane Electronics Unit

Module
(including detector) Proximity

. Filter wheel
electronics

Image credit: JANUS consortium
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Three Mirrors Anastigmat (off-axis field, on-axis pupil)

365mm

v

A

D. Greggio et al. "A preliminary optical design for the JANUS camera of ESA's space mission JUICE,”
(2014) Proc. SPIE 9143

Matthew Soman, PSD10, 10 September 2014


http://www.google.co.uk/imgres?q=open+university+logo&um=1&hl=en&client=firefox-a&sa=N&rls=org.mozilla:en-GB:official&channel=fflb&biw=1600&bih=771&tbm=isch&tbnid=LlCnZtfRb20wiM:&imgrefurl=http://www.adamsmith.ac.uk/courses/university/Pages/default.aspx&docid=VSr6DsQhP-NV5M&imgurl=http://www.adamsmith.ac.uk/courses/university/PublishingImages/oulogo.jpg&w=890&h=613&ei=x3uiT5OsBIihOovmpO4I&zoom=1&iact=hc&vpx=343&vpy=459&dur=1306&hovh=186&hovw=271&tx=89&ty=95&sig=112351889256707789511&page=1&tbnh=113&tbnw=164&start=0&ndsp=36&ved=1t:429,r:19,s:0,i:134

Predicted performance: Ganymede e
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The surface coverage of Ganymede expected >50x improvement over Galileo but will
be limited by telemetry requirements

Ganymede Cumulative Surface Coverage in [%]
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P. Palumbo et al., “JANUS: The Visible Camera Onboard the ESA JUICE Mission to the Jovian System”,
45t Lunar and Planetary Science Conference 2014
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New CMOS sensor for JANUS

The prime sensor selected for JANUS is a
back-illuminated (BI) CIS115. This is a
monolithic silicon CMOS Active Pixel
Sensor.

Developed by e2v technologies following
gamma and proton radiations and
characterisation of the best performing
pixel and output driver design from a test
device with the same format (CIS107).
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A front-illuminated CIS115
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CIS115: Monolithic CMOS APS

CMOS image sensor with a 4-Transistor pixel
design (7 um pitch).

Image area is divided into 4 section, each with
its own analogue output, capable of a readout
rate of up to 10 MPixel s2.

Designed by e2v and manufactured using
Tower 018 Imaging Sensor process.

Device is back-illuminated, thinned to
approximately 9 um thick, and an anti-
reflective coating is applied by e2v
technologies to optimise its optical sensitivity
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CIS115
photosensitive area
(14 x 10.5 mm?)

British penny
(@ 20.3 mm)
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Sensor expected quantum efficiency
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The predicted QE performance of the back-illuminated CIS115 when coated using e2v’s

Multilayer-2 anti-reflective coating, assuming 9 um thick silicon.
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CIS115 readout

€l

CIS115 image area is
divided into 4 sections
that are each read out
simultaneously.

The image area is read
out in a rolling shutter
mode, row by row.
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CIS115 readout

CIS115 image area is
divided into 4 sections
that are each read out
simultaneously.

The image area is read
out in a rolling shutter
mode, row by row.
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M. Soman et al., “Design and characterisation of the new CIS115 sensor for JANUS, the high resolution camera on JUICE”,
(2014) Proc. SPIE 9154
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Delivery pathway for CIS115 e

Test device (CIS107)
characterisation including:
gamma up to 150 krad(Si)

2x10%° protons cm2(58.8 MeV)

CIS115 design and manufacture
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FI CIS115 characterisation BI CIS115 characterisation
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CIS107 proton irradiation e

e2v technologies have completed a proton irradiation campaign on CIS107 at Paul Scherrer
Institute using 58.8 MeV protons with an average flux of 7.8x107 p cm™ s to provide a fluence of

2x101° p cm™2,

Effects of irradiation on pixel variant 1 of back-illuminated, high resistivity CIS107s represent the
results expected with the CIS115:

Units Pre-irradiation Post-irradiation Change
Charge to Voltage 4 0
Factor (CVF) uv e 36.6 41.2 12.6%
Read-out noise e rms. 8.7 9.5 9.2%
Dark current (20°C) e pixts? 65.5 1240 x19

The change in CVF cannot currently be explained. The other changes are probably a result of
increased trap densities.

Lag, QE and linearity performance show no change following proton irradiation.
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CIS107 gamma irradiation e

e2v technologies completed an irradiation campaign on CIS107s at Harwell’s Co®° source in
Oxford (UK). Sensors were biased and clocked during irradiation to 20, 50, 100 and 150 krad(Si).
These doses are comparable to the expected end of life dose of the JANUS sensor (100 krad(Si)).

Linearity, QE, and lag show no change up to the 150 krad(Si) dose.

Units . P‘:e-. Post-irradiation

irradiation
Read-out noise e rms. 6.3 11.5 (150 krad)
Dark current (20°C) e pix1ts? 37 100 (100 krad)

Results are not as expected. The increase of dark current is generally higher with ionising
radiation through the generation of surface effects, but in the case of these devices the proton
irradiation has given the largest change. The subsequent irradiation campaign on the CIS115 will
investigate these effects further.
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CIS115 irradiation campaign

e

A broad and detailed irradiation test campaign is planned for the Bl CIS115s:

The Open
University

Particle Planned source L. Number Device status
) Irradiation level of .. . ..
flavour details . during irradiation
devices
0 (control) 1
60, 50 krad(Si 2
Gamma ESTEC C(?. (51 - Biased and clocked
Noordwijk EOL: 100 krad(Si) 2
200 krad(Si) 1
0 (control) 1
10 MeV or 5x10° p cm? 1 Devices placed in a
Proton . S
equivalent EOL: 1x10° p cm™ 1 shorting jig
2x10%° p cm™ 1
Cyclotron Resource Control 1
. Latch-up
Heavy ion Centre at LET range of 1 to 70 o
. 3 monitoring
Louvain-la-Neuve MeV mg?! cm
Electrons 10 MeV (TBC) (TBC) 3
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Testing at the Open University e

A CMOS drive system is used to
characterise the Fl and Bl CIS107s
and CIS115s.

Bias levels and clocks are
generated in a PCB stack with a
ZIF socket for connecting the
sensor

A de-magnifying optical setup
using masks and 3-axis
translational stages allows for
optical characterisation
Metalwork flanges can clamp
around the PCB stack for
evacuation and cooling
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Fibre optic
communication ¥
with computer !

Vacuum seal
on PCB surfaces

Optics for test
pattern
demagnification
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CMOS cryogenic testing e

{ O

PCB stack with fibre optic
communication to camera control

unit

Metalwork flange forming vacuum
seal around PCB stack.

CIS107 mounted in its vacuum chamber housing
with cold finger making contact on the back of
the ceramic package

52
awn
Og
@ .2
o c
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Sensor parameters

Relevant pixel
Parameter Units variant from CIS115
Cis107
Measured Goal Measured
Columns pixels 1504
Rows pixels 2000
Pixel pitch pum 7
Image area mm 10.528 x 14.000
Outputs - 4
Maximum output \Y 1.8
Readout rate MPixel st output? <10
Responsivity uV electron? 34.1 45 48.3
Ila\/lesi(izlljz-ll\lgffpﬁfl? electrons rms 5.6 <8 4.25
Full well capacity electrons 55k 39k -
Dark current (21°C) | electrons pixel* s 51 30 22
krad (Si) Measured up >200 TBM
Radiation to 150
performance Measured at >2 x 1010
protons 2 x 1010 (10 MeVv TBM
(58.8 MeV) equivalent)

TBM = To Be Measured
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Improved pixel readout noise e

Readout noise spectrum shows the improved performance of the CIS115

(average of 4.25 e” rms) following modifications made to the original the
CIS107 design (average of 5.6 e rms).

These measurements have been made whilst operating at 5 MPixel s output.

10%¢ . | | | | E
g ———CIS115]
[ el CIS107|]
100k /T T | ]
o i i T,
§ 102 3 L“:-L-""“"’L-ﬂ. E
O g a E
X C j
o
10'E i
] I ”..| "
10° l ! | | 00 671 U
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Pixel readout noise, electrons rms

The Open
University

Matthew Soman, PSD10, 10 September 2014


http://www.google.co.uk/imgres?q=open+university+logo&um=1&hl=en&client=firefox-a&sa=N&rls=org.mozilla:en-GB:official&channel=fflb&biw=1600&bih=771&tbm=isch&tbnid=LlCnZtfRb20wiM:&imgrefurl=http://www.adamsmith.ac.uk/courses/university/Pages/default.aspx&docid=VSr6DsQhP-NV5M&imgurl=http://www.adamsmith.ac.uk/courses/university/PublishingImages/oulogo.jpg&w=890&h=613&ei=x3uiT5OsBIihOovmpO4I&zoom=1&iact=hc&vpx=343&vpy=459&dur=1306&hovh=186&hovw=271&tx=89&ty=95&sig=112351889256707789511&page=1&tbnh=113&tbnw=164&start=0&ndsp=36&ved=1t:429,r:19,s:0,i:134

Optical spot scan

01+

Spot position in pixel (y), pixels
o
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Relative spot position in scan (x), pixels
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Simulation of Transient Electrons e

950 6000

~ 15000

1000

1050 = 4000
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Column

Energy deposited per pixel, eV

High energy electrons trapped
in the Jovian magnetosphere
can penetrate the spacecraft to
the focal plane, contributing to
the background signal.

Early Geant4-based simulation
suggest that <0.5% pixels may
be affected per image

(at worst-case expected
electron flux levels, with 1 s
integration time).
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Initial Experimental Electron Imaging (é_l

Exposing detector to Sr-90

Beta particle decay energies: <0.546 MeV and <2.28 MeV
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Summary and Conclusions (el
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The CIS115 has been baselined as the sensor for JANUS, the high-
resolution wide-angle camera for JUICE.

The CIS115 is a variant from a test device, the CIS107, which has gamma
and proton irradiation test heritage.

An optical test bench is being commissioned at the CEl to perform detailed
characterisation of the sensors.

The first CIS115s have been received (front illuminated) and initial tests
show expected performance levels:

— readout noise (average of 4.25 e  rms);

— responsivity (48.3 uV electron?);

— dark current (22 e pixelts! @ 21°C).
Bl CIS115s are due in October, and a rigorous radiation campaign is

planned to measure the performance following exposure to worse than
end of life dose levels.
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