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Overview: emCCD, sCMOS & ICCD
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Experimental Set Up (1)

▪ Dark enclosure

▪ Blackend aluminium foil

(reflectance < 5 %)

▪ PTFE pattern (reflectance ≈92 %)

▪ Neutral density filter

(transmission: 27-31%) 

▪ Distance between objective lens

and screen: 87±0.5 cm 

▪ Objective lens: f= 16 mm

(FL-CC1614-2M (RICOH))
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LED Characterization

▪ Pulsed light source (Leading

edge: 100 ns; Trailing edge: 1 µs; 

Width: 0.5 ms- 8 ms)

▪ Photodiode & spectrometer

measurements

▪ Power meter measurements: 

decreasing LED driving voltage
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Measurements

Camera Wavelength [nm] Lightpulse duration [ms] Mode Set Exposure time [ms]

ProEM+:512B 
emCCD

500; 470; 430; 
400; 390; 385

0.5,…,8 Full Frame in em Mode; em
Gain: 1; 10; 100; 1000

0.7; 1; 10; 25; 50; 100; 
1000; 5000

Kinetix 22
sCMOS

Sub-Electron;
Sensitivity;
Dynamic Range

10; 
20;
20.3

Pco.edge 4.2bi
sCMOS

34; 5000

ICCD 500 0.002,…,0.5 10; 5000

Comment: The actual exposure time is not necessarily equal to the set one for ProEM B+512 and Kinetix 22
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ICCD Measurements @ 500 nm

▪ Same camera as at CERN BGS-test bench

▪ Parameters: MCP Gain Voltage: 3.7 V

▪ Light pulse: 25 µs 

▪ Counted Photons: 46 ± 5 

▪ QE photocathode ≈ (11.3 ± 1)% 

▪ MCP efficiency ≈ (80 ± 10) %

▪ ROI: 10176 ±1120 Photons in 0.5 ms
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25 µs light pulse; 10 ms exposure
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Average Photon Flux per Pixel

Camera Quantum 
Efficiency 
@ 500 nm [%]

Pixel in ROI Estimated Average 
Photons per pixel
on Sensor in ROI, 
0.5 ms light pulse 

Electrons/ADU Average Photons 
per pixel on 
Sensor in ROI 
detected

Pco.edge 4.2 bi 89 11949 0.758± 0.033 0.7 0.637

Kinetix 22 92 11949 0.783±0.033 Sub-Electron: 0.015
Sensitivity: 0.282
Dynamic Range: 0.228

0.795
0.856
0.759

ProEM+:512B 88 1305 6.86±0.98 5.12 
(electron
multiplication= 1)*

30 (not 
expected, to be
investigated)
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ADU= Analog to Digital Unit 
*other values possible sCMOS: estimated photons per pixel ≈ dected photons per pixel
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First look at the ROI (1)

9Leonie Bauer  12.12.23 

Pco.edge 4.2 bi
9 ms full image exposure time;
0.5 ms light pulse

Kinetix 22 Sub-Electron Mode 
10 ms full image exposure time;
0.5 ms light pulse

Kinetix 22 Sensitivity Mode
9 ms full image exposure time
0.5 ms light pulse

Gray values: 90-120

Gray values:780-1440

Gray values: 80-140
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First Look at the ROI (2)
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emCCD ProEM+:512B 
Set exposure time: 10 ms
Light pulse: 0.5 msGain 1                                                     Gray values: 570-670

Gain 10                                                   Gray values: 570-710

Gain 100                                              Gray values: 570-1250

Gain 1000                                            Gray values: 570-5600
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Comparison: 0.05 ms light pulse ICCD with 0.5 ms

light pulse sCmos & emCCD (@ 500 nm)
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Kinetix 22 Sensitivity
Mode 0.5 ms light pulse

ICCD
0.05 ms light pulse

Pco.edge 4.2bi
0.5 ms light pulse

emCCD gain 100
0.5 ms light pulse

Contrast≈ 0.64 Contrast≈ 0.02 Contrast≈ 0.009 Contrast≈ 0.1
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Projections @500 nm
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ICCD
0.05 ms light pulse

emCCD gain 100
0.5 ms light pulse

Pco.edge 4.2  bi
0.5 ms light pulse

Background

Kinetix 22 
Sensitivity Mode
0.5 ms light pulse
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Summary and Outlook

▪ Experimental set up was build and LEDs were characterized

▪ emCCD and sCMOS Measurements are finished

▪ ICCD: Estimation of the average photons per pixel in a ROI for 0.5 ms light 

pulse at 500 nm

▪ Determination of the detected average photons in the ROI on the sensor for

0.5 ms light pulse and 500 nm for the sCMOS cameras in different modes and 

the emCCD camera

▪ ICCD: 0.05 ms light pulse: projection visible 

▪ sCMOS & emCCD: projection from 0.5 ms light pulse duration on visible

▪ Next steps: complete the measurements for the ICCD; analyse the data for all 

measurements and compare the cameras. 
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Thank you!



FAIR GmbH | GSI GmbH

Backup: Spectrometer Measurements
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Backup: Photodiode Measurements
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Backup: Power meter Measurements
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Backup: Used Devices and Materials
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Backup: Rolling Shutter

20Leonie Bauer  12.12.23 

Taken from [4]
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Back up: ICCD @ 500 nm
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ICCD 0.05 ms light pulse
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Backup: Kinetix 22  @ 500 nm

22Leonie Bauer  12.12.23 

Kinetix 22
Sensitivty 0.5 ms light pulse 
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Backup: Pco.edge 4.2 bi @ 500 nm
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Pco.edge 4.2 bi 
0.5 ms light pulse
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Backup: ProEM+:512B @ 500 nm
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emCCD gain 100
0.5 ms light pulse


