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Motivation

• Dark signal is an important parameter for sensor performance

• Has a remarkable temperature dependence

• Optimisation is an important task for scientific detector / sensor

• Modelling is significant for sensor design and calibration

• Modern calibration approach is based on models & measurement / recognition of deviations

• Dark signal measurement was done with Sentinel-4 FPA

• Model test and recognition of deviations from model behaviour
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Overview

• Senstinel-4 mission, detector, verification

• Detector Signal Model

• Dark Signal Calculation

• Measurements

• Results

• Discussion & Outlook
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Overview - Sentinel 4 Mission 
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• Part of ESA’s COPERNICUS 

Program (Environmental 

Surveillance)

• Sentinel 4 → Atmospheric 

Surveillance 

• Hyperspectral Instrument with 2 

detectors:

• UVVIS (305 nm … 500 nm)

• NIR (750 nm … 775 nm)

• Geostationary orbit above Europe

• East-West Scan in frequency of 1h



Sentinel 4 QM Verification Campaign @DLR Berlin 

• Verification of Opto-Electronic Payload

• First “Marriage” of FPAs and Front End Electronics after Manufacturing

• Challenging of Opto-Mechanical Boundaries

• Deployment of Thermal Vacuum Chamber (TVC):

• Operating Temperature of Detectors / FPAs = 215 K +/- 5 K

• AR-layers on detectors (without cover glass) 
• Sensitive + Hygroscopic 
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Detector Design
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Measurement Setup
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• Equal optical path lengths for 
REF-, UVVIS-, NIR-detector

• Remote flat field Illumination via 
integrating sphere + filters 
(Spectr./ND)

• Additionally 635 nm Laser
• Pressure ~ 5*10^-6 mbar
• Two different temperature circuits:

FPAs:
210, 215, 220 K and
273, 283, 293 K
FEEs and FSE constantly
293 K

• First „marriage“ of FPAs and 
FEEs/FSE

• Highly automated test runs



Measurements & Results
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Detector Signal Model for the Average Signal
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• Three noise-components: 
• photon noise, 
• dark current noise, and 
• read-noise. 

• Photon and dark current noise are Poisson 
distributed. 

• Or

• This linear equation is a relation between 
variance of measured noise and averaged signal 
(PTC -- Photon Transfer Curve). 
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Variance of the dark signal

Dark signal depends from

integration time in [s]

average dark current rate [e/s]

Dark Signal Calculation

• Variation of dark signal                          by either the 
integration time or the operating temperature (→ PTC!)

• Slope of dark signal dependence as a function of 
integration time
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Temperature Dependence of the Dark Current Rate 
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• Measurements of the dark current with an integration time of
• Continuous cooling from 293 K to 215 K over a period of 12 hours
• After 10 hour cooling stopped and temperatures increased again
• Measurement mode was Long Dark (with separate read-out of image and store areas)
• 42.723 temperature measurements for NIR and VIS detector
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Measurements
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• Measurements of the dark current with an integration time of
• continuous cooling from 293 K to 215 K over a period of 12 hours
• After 10 hour cooling stopped and temperatures increased again
• Measurement mode was Long Dark (with separate read-out of image and store areas)
• 42.723 temperature measurements for NIR and VIS detector
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DS - Comparison with Models
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Black – measured data
Green – Skegg
Red – Janesick



Change of the activation Energy

26.11.19 Dark Signal, Sentinel-4 Detector 14

NIR Temperature Dependence of the Dark Current Rate @Pixel=(240,360).  Noticeable is the significant 

change in the activation energy at 280K



26.11.19 Dark Signal, Sentinel-4 Detector 15

Spatial distribution of the activation eneries



Histogram of the Activation Energy
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Histogram values (+), in green a Gauss-fit to the histogram values, red line is the Gauss distribution derived 
from mean and standard-deviation of the histogram)



Discussion & Outlook

• Investigation of temperature behaviour of the dark signal / current between 215K and 290K for a 
scientific CCD 

• Exceptionally high number of measuring points (900 measurements with an integration time of 
30s)

• Basically, the temperature behaviour of the dark current is as expected theoretically and 
experimentally 

• Two parts of the temperature dependence of the dark - can be characterized by different 
activation energies

• Clear separation of the activation energies at 280K
• Low temp activation energy = 0.628eV ± 0.004eV

• High temp activation energy = $0.537eV ± 0.009$eV

• The variation width for the activation energies for the entire chip was extremely small (1% -2%)
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Discussion & Outlook

• The main finding of the article is the change of the activation energy from dark current rate with 
the temperature

• The reason is assumed to be the changing electric field within the silicon chip, since the depletion 
depth decreases as the number of electrons increases

• Further measurements, which are to be carried out as part of the verification of the flight model, 
should deepen this knowledge
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