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2 detectors, can operate in parallel
UV Channel

VLFP o VLIUV folding
\." e » mirror/dichroic
Polarimeter  filter
} VL Assembly

Broad band images of the Sun corona @ 580-640 nm

APS 2Kx2K, 10 pm pixel  (PHI replica) '
UV IS

Narrow band images of the Sun corona @ HI Ly-o. 121.6 nm pxq] Sonnensystemiorschung
IAPS IKxIK, 30 um pixel
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» Based on a APS camera with ISPHI sensor

Visible light sensor @ Ao~
ek = _

Sensor command and control
Imaging and HK data acquisition
Thermal hardware

Solar Orbiter

PHI - FPA

Camera Breadboard (BB)
MPS - 11 / 2012

Power distribution
Data interface with the MPPU

» FEE derived by ISPHI-based camera

developed for the Solar Orbiter SO/PHI
instrument
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»two separate analog output
channels:
each channel sampled
with a 14 bits ADC,
running up to 15 MSPS.
»Readout time for whole
sensor < |s
»integration times|-600
seconds

Temperature ranges
*Operational range: —40 °C
(goal -60 °C) to +40 °C
*Non-operational range: —60
°C to +50 °CTBC
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Parameter Specification
Functional requirements

Format 2k x 2k

Typical pixel size 10 um

Shutter Rolling shutter

Spectral range 580-640 nm

Performance requirements

Readout noise <60 e- (TBC)
Full well capacity > 70,000 ¢ (TBC)
Quantum efficiency 600 nm with AR >40% (TBC)
coating (BOL)

Linearity response < 2%

Defective complete row/column None

PRNU (local)

< 1.5% (TBC)

Dark current (BOL)

<25 e/pixel/s (TBC) at -40°C

Dark current (estimated at EOL)

<50 e/pixel/s (TBC) at -40°C

Flatness (relative to the best fit plane at
293 K)

5um rms (TBC)

Anti-reflection coating (TBC)

<15% -
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KBr coating photocathode

This is the optical focal plane!

» Based on |IAPS with the capability of
working in photon counting mode
under low flux (to be implemented
via software at the MPPU level):

i.  Intensified UV light detector

|.  Sealed Intensifier (-> window-photocathode-MCP-phosphor screen)

2. FO taper
3. APS
ii. Front-End Electronics
iii. Sensor command and control
iv.  Telemetry acquisition
v.  Hardware for thermal control
vi. High-Voltage Power supply and conditioning
vii. Power Supply distribution
viii. Data interface with the MPPU
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I coupler

MgF2

window

APS
sensor
board




__..-.;_-_.

ol (@)
UVDA — APS

itoliang

Star 1000

Sensor _ ARS
Board

FPGA Board

[MPS]
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Detector technology

Specification
CMOS active pixel sensor

Pixel structure

3-transistor active pixel

Sensitive area format

1024 x 1024 pixels

Pixel size 15 x 15 um?
Pixel output rate 12 MHz
Windowing X- and Y- addressing random programmable

Electronic shutter

Electronic rolling shutter range: 1:1024

Total dose radiation tolerance

> 250 krad (Si)

Proton radiation tolerance

> 2.4-10'* proton/cm? @ 60 MeV

SEU tolerance

> 127.8 MeV cm3 mg!

Spectral range 400 - 1000 nm
Quantum efficiency (including fill factor) [>20%

Full well capacity >135.000 e~
Saturation capacity (non-linearity < 5%) |>99.000 e~
Noise <47 e~
Dynamic range >69 dB

Fixed pattern noise

Local: 1 6 < 0.30%
Global: 16 <0.56% of full well

Photo response non-uniformity at Sat/2
(RMS)

Local: 1 6 < 0.67%;
Global: 6 < 0.93% of full well

Dark current signal

<3135e /s (@ RT)

DSNU signal <1.055% of Vsat

Optical cross-talk at 600 nm Vertical: <16% /Horizontal: <17.5%
Anti-blooming capacity 1000

Supply voltage 5V

Power dissipation

<100 MW @ 12 MHz
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Parameter Specification

Window MgF, » Sealed

Photocathode material KBr (deposited on the entrance face of the .

= I = M?F’l)lo = » entrance wmdow Of

pectral range ypica — nm

Detective ~ Quantum  efficiency | > 15% UV—grade MgFZ to

@121.6 nm optimize the

Photocathode non-uniformity <10% R

Dark noise @ 20 C < -10 cps/cm? transmission @ I 2 I 6

FOV diameter on the intensifier | 30 mm nm.

(useful area) .
Gain (photon counting) >10,000 (mean) optical photons impinging on » KBr dep05|ted on the
the sensor/primary photoelectron emitted
by the photocathode (TBC) (goal 30,000) entrance fac.e Of the
Phosphor screen P46 MCP to OPtImIZG IN-
Imaging: MTF (including taper) (in | >50% @ 16 Ip/mm (TBC) band sensitivity and
analog mode) . .
Bright defects e 10 (TBC) out-of-band rejection.
> 50 um: 0 . . .

Dark defects <50 um: 1% area (TBC) > ngh gam POSSIPIe fOI"
50 + 75 pm: 10 (TBC) ~photon counting (PHD
1= 200 i S(TEC) should allow discrimination
100 + 150 pum: 2 (TBC) f the bh :

> 150 um: 0 or the P oton.events rom
Ouality zone 100% the sensor noise)

7 M.Uslenghi 16/10/2013 3rd METIS Science and Technical Meeting



Parameter

Specification

Geometry

round to round

Quality area diameter

30 mm at large end

Fiber size

<6 um at large end

Taper demagnification
ratio

2:1

Material

Compatible with P46 emission
spectrum

Shear distortion

<30 um at large end (TBC)

Gross Distortion

<1% (TBC) best fit of a straight
line across the useful area

Blemish (measured at
large end)

<0.051 mm: <1%
0.051-0.076 mm: 10
0.076-0.120 mm: 5
>0.120 mm: None

M.Uslenghi

sensitive area of the intensifier shall
be mapped in a circle inscribed in
the sensor area, with the diameter
of the projected sensitive area
covering more than 960 pixels and
less than 1024 pixels
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Analog mode [+ MCP gain T exposure times]
Acquire the image as they are generated by the APS camera
->coadding

Photon counting [T MCP gain 4 exposure time]

(low flux rate)
MPPU Serially acquire the pixel data as they are generated by
the APS camera, search for photon event footprint, compute
the coordinates and the sum of the values of the pixels
interested by the photon event ->[x,y,E] list
a) Photon List Mode
b)  Accumulation Mode

Test mode (photon counting)
MPPU search for photon event footprint, compute the
coordinates at pixel resoltion and the sum of and send [x,y]
coordinates along with pixel values of the 3x3 window
centered on the event peak

For very low count rate (< | cts/pixel/s) the
improvement in SNR of photon counting over analog
mode is huge

SNR 1aps(ets,t, gain, T,RN) =

cis -t ctst

2 .
Fnoise - (cts + darkygep) -t +

SNR, (cts,t) =
o (] > [ T

gain gain

M.Uslenghi
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Implemented in MPPU, FPGA based
Through a proper system of delays, the system will generate 3x3 pixel windows
that sweep dynamically the whole matrix at the pace of the pixel clock.

The processing system will the following tasks on each window:
check, according to aE_propriate discrimination and pile-up rejection criteria, for the presence of a charge
|

distribution representing a photon event;

compute the centroid coordinates
compute the amplitude A of the event, i.e. the integrated signal on the 3x3 window (not science data, but
useful for detector monitoring

FIFO 1024 s cO

v

FIFO 1024 » b0

_= o,
i )

Eix-arl data r > a0 EJI_‘ a2
Bias q A=B
Correction @ o

A=B

-
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