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Abstract. Raman spectroscopy is a powerful tool to interrogate biological and material systems, as Raman spectra provide a chemical specificity that can be used to monitor chemical reactions, identify molecular 
structures, and measure the distribution of chemical species throughout a sample. The development of novel Raman methods has, in part, been enabled through development in detector technologies. Here we discuss 
the application of a scientific Complementary Metal Oxide Semiconductor (sCMOS) camera as a detection solution for Raman spectroscopy. Whereas CCD cameras have traditionally found popularity in experimental 
Raman set ups, the readout architecture of sCMOS cameras provides an attractive detector platform for fast Raman spectroscopy and can outperform CCDs under certain experimental conditions. We highlight the 
advantages of sCMOS and CCD detectors for Raman spectroscopy, and spectroscopy more generally, using a dual output spectrometer to ensure an equivalent optical set up for both cameras.

CCD Sensors sCMOS Sensors• Photon excites 
photoelectron in a 
pixel.

• Photoelectrons are 
shuttled, row-by-row, 
into the shift register.

• Shift register is read 
out, pixel-by-pixel, 
converting 
photoelectron charge 
to voltage.

• Photon excites 
photoelectron in a 
pixel.

• Photoelectron charge is 
converted to an 
analog voltage at the 
pixel.

• Pixel voltages are 
transferred down 
columns where the 
signal is digitized.

Image Readout Architecture of Scientific Cameras

Experimental Detection Set-ups

Spectrograph Set-ups
1. Kymera 193 dual output spectrograph.

• 300 l/mm grating (850 nm blaze)
• Newton EMCCD (DU970P-FI)
• ZL41 Wave 4.2 sCMOS

2. Shamrock 300i spectrograph
• 1200 l/mm grating (500 nm blaze)
• Newton EMCCD (DU970P-BU)
• ZL41 Wave 4.2 sCMOS

Exploring experimental conditions using Polystyrene (PS) beads.

High-Fidelity Spatially Resolved Spectra with sCMOS Future Outlook for sCMOS as a Spectroscopy Camera References and Acknowledgements

The individual pixel readout 
architecture of sCMOS 
cameras reduces artifacts 
(e.x. smearing, blooming), 
lending it to high fidelity 
imaging experiments. This is 
demonstrated by Raman 
spectral images of a 
biphasic system and mixing 
in a microfluidic system. 

The performance of sCMOS cameras for spectroscopy applications has been 
explored and contrasted where appropriate with CCD cameras. In a weak 
signal regime CCD technology can hold an advantage. At moderate photon 
fluxes, the relatively small performance difference in conjunction with 
additional technological advantages are a clear indicator sCMOS cameras can 
readily be considered for spectroscopy applications. 
Moving towards high photon fluxes, sCMOS 
cameras can already outperform standard 
CCD detectors and hold a significant 
advantage for fast-spectroscopy 
applications.
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sCMOS dynamic range in bright conditions.

High dynamic range of sCMOS cameras preserves weak 
spectral features in long exposures under bright conditions.

Spectra to left after normalization to integrated 
peak area.

Given a particular 
experimental 
system the proper 
camera could be a 
conventional CCD, 
EMCCD or sCMOS 
camera.

Normalized spectra in bright conditions.

Fast spectroscopy with short exposures.

CARS spectra of PS (1064 pump)  recorded with a 980 us 
exposure time, faster than the achievable rate using a CCD.

Short exposures under low light conditions.

CARS spectra of PS (1064 pump, reduced power) recorded with 
a 5 ms exposure time. EMCCD excels at reduced photon 
fluences.

sCMOS ~ CCD under moderate light conditions.

CARS spectra of PS (1064 pump) of recorded under moderate 
light conditions. Performance of sCMOS and CCD are 
comparable with similar noise levels..

Normalization

Read and learn more about 
these topics in Andor’s 
Learning Center.

Find sCMOS cameras with 
large FOVs, fast frame rates, 
and nanosecond gating. 

sCMOS cameras for EUV 
and soft X-ray spectroscopy. 
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