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“Forward Direction”: From imnput flux to digital number

INPUT: Spectral Irradiance [W/m2/nm] =
Energy received per time interval (J/s=W) per area (m?) per wavelength interval (nm)
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OUTPUT: Counts or
Digital Number (DN)
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Fiber optics
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the telescope ...
the fiber ...

lescope

Fiber optics

the entrance slit ...

an aperture ...
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Lower wavelengths reach
the 2nd mirror at one end.

Higher wavelengths reach
the 2nd mirror at the other end.
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Monochromatic light distributes over
“some region” on the 2nd mirror.
Not a Delta-function anymore ...
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FLUX AT 2nd MIRROR FOR A;
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Flux at detector is binned
into pixels
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Counts for monochromatic input give
“Slit (scatter) function”.

e ¥
_— -yg”__[l__l"ﬂ =

.......

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

5
PIXEL

Spectrometer

8

9 10 11 12 13

Readout
electronics



“Backward Direction”: From digital number to flux
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OUTPUT:
Counts

/

Effects of ROE (Readout electronics):
Dark offset, Dark slope, Gain, Linearity

Effects of detector:
Linearity, Latency, Quantum
efficiency, Flat field

INPUT:

Spectral Irradiance \

Effects of Optics:

Transmissions (Grating efficiency, filters, mirrors,

...), Stray light, Temperature effects




Dark offset and slope
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Dark correction

Effect of dark correction
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(If you are lucky ...)
Dark & bright signals increase
~ linearly with light input

(If you are less lucky ...)

Your system is strongly non-linear . . .
\ID 50 100 150 200 250 300

Non-linearity in Detector:

(Photon-induced or thermal) electron (e)
accumulation differs from the e generation due to
saturation and/or recombination.

Non-linearity in ROE:

Caused by operational amplifier and AD-Converter

DATA
LINEARi RMS=8, RMS0=83, Q=1.0l0 ¥

INTEGRATION TIME [ms]

DATA

LINEAR: RMS=3, RMS'0=11769, Q=1.00
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Linearity correction

Effect of non-linearity correction
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MEASUREMENTS IN REGULAR AND REVERSED POSITION
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Readings in a pixel are
influenced by the readings
in the previously read pixel
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Pixel Response Non Uniformity (PRNU)

“What is the difference in the readings,
if every pixel gets exactly the same input?”
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® meas. slit function === param. slit function

Spectral stray light
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“Not all photons
necessarily end up
where they should.”
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Full slit (scatter) function
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http://drive.google.com/file/d/1PFnh0dcIfNUtihvNTNQSV4aULOhBad1s/view

Spectral sensitivity

Combined effect

on transmission of
/ all optical
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Dispersion and resolution changes

= |In the lab we can determine the dispersion (which
pixel corresponds to which wavelength) and
resolution (width of slit function) of the system.

—> However these parameters usually change in the
field (temperature, instrument setup, ...).

=> Due to the known structure of the solar spectrum,
we can correct for this to some extent in the
retrievals.

=> More in Michel’s talk about calibration techniques
applied in the field ...

Reference spectrum

Measured spectrum
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