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𝐷𝑎𝑟𝑘 𝑆𝑖𝑔𝑛𝑎𝑙 (𝑒−) = 𝐷𝑎𝑟𝑘 𝐶𝑢𝑟𝑟𝑒𝑛𝑡 (𝑒−/𝑝𝑖𝑥𝑒𝑙/𝑠𝑒𝑐𝑜𝑛𝑑)  ×  𝐸𝑥𝑝𝑜𝑠𝑢𝑟𝑒 𝑇𝑖𝑚𝑒 (𝑠𝑒𝑐𝑜𝑛𝑑𝑠)

𝐷𝑎𝑟𝑘 𝐶𝑢𝑟𝑟𝑒𝑛𝑡 𝑁𝑜𝑖𝑠𝑒 (𝑒−) = √𝐷𝑎𝑟𝑘 𝑆𝑖𝑔𝑛𝑎𝑙 (𝑒−) 
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What is the relative importance of pixel size, quantum efficiency, dark current, read noise, and all the other 
factors above? The answer depends upon your typical exposure time, background light level, and expected 
photon budget. But all the complexity can be set aside: the Signal to Noise Ratio represents the entire balance of 
factors with one single number. Equation 1 shows how this is calculated: 

 

𝑆𝑁𝑅 =
𝑆𝑖𝑔𝑛𝑎𝑙

𝑇𝑜𝑡𝑎𝑙 𝑁𝑜𝑖𝑠𝑒
=

𝐼𝑠  × 𝑡𝑒𝑥𝑝 × 𝑑𝑝𝑖𝑥𝑒𝑙
2 × 𝑄𝐸

√((𝐼𝑠 + 𝐼𝑏)  × 𝑡𝑒𝑥𝑝 × 𝑑𝑝𝑖𝑥𝑒𝑙
2 × 𝑄𝐸) + (𝜎𝑑 × 𝑡𝑒𝑥𝑝) + 𝜎𝑟

2

Equation 1: Signal to Noise Ratio for InGaAs Cameras. The first term in Total Noise represents total 
photon shot noise.
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The graphs in Figure 3 on the following page show the calculated signal to noise ratios of the three NIRvana 
cameras compared to three representative alternative cameras. For the calculation the contribution of scene 
noise from the experimental setup, Ib , is ignored. 

Incoming signal is explored over 3 orders of magnitude from ‘high’ signals of 10 photons / s / μm2, which would 
equate to 4000 photons per pixel per second for the NIRvana cameras, to ‘very low’ signals of 0.01 photons / s / 
μm2, for which very long exposure times would be necessary to achieve adequate signal to noise. The graphs are 
shown up to the point where pixel saturation would occur through the combination of collected signal and dark 
current.  

The dominance of low dark current and large pixel sizes is evident; the NIRvana camera range offers superior 
sensitivity in practically every case. For the alternative cameras, due to their higher dark current, saturation of 
the pixel is frequently seen before an adequate signal to noise ratio can be achieved. 

In real-life imaging situations, scene noise that we discounted here will be present in almost all cases. The 
presence of cold shielding in the NIRvana range of cameras will then be very likely to significantly increase the 
NIRvana cameras’ lead in signal to noise ratio, compared to alternatives without cold shielding which would 
suffer from greater background noise Ib. 
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http://www.princetoninstruments.com/nirvana
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