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Silicon Photomultiplier
(SiPM) Signal to Noise Ratio
The ability to detect single photons represents the ultimate
sensitivity in optical detection. To achieve such sensitivity a number of
technologies have been developed and refined to suit particular
applications. Until recently, the traditional vacuum−based PMT has
been the detector of choice for many applications. However, since its
release into the market over the last decade, the so−called silicon
photomultiplier (SiPM) has offered a real alternative to the PMT,
achieving a similar performance in terms of gain, photon detection
efficiency and timing. In addition the SiPM has all the benefits of
silicon technology such as compactness, magnetic insensitivity and
high volume CMOS production.
When assessing the suitability of a detector for a given application, a
key metric is the signal to noise ratio (SNR). This is defined as the
ratio of the signal current (photocurrent) or voltage to the inherent
noise produced by the detector. This application note presents the SNR
for ON Semiconductor SiPM detectors at a variety of signal levels.*
OVERVIEW
The equation used to calculate the signal to noise
ratio in an SiPM is given in Equation 1 below.
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APPLICATION NOTE

Equation 1 is used to plot SNR as a function of the
optical power (light intensity) and is shown in
Figure 1.
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(eq. 2)

S/N is the signal to noise ratio
IS is the SiPM signal current
F is the excess noise factor
B is the bandwidth
G is the SiPM gain
ID is the dark current
IB is the background noise

In addition, the following assumptions are used,

•
•
•
•
•
•
•

Continuous measurement of current
Bandwidth B = 1 Hz
Background current IB = 0
λ = 500 nm
ID = 0.4 μA (1 mm SiPM), 3 μA (3 mm SiPM) @
VBR+2 V
F = 1.1 @ VBR+2 V
G = 2.4 x 106

Figure 1. Signal to noise ratio as a function of optical
power at 2 V above the breakdown voltage.

Equation 1 can also be used to plot the SNR for a
given light level as a function of the applied bias
voltage. In the case of Figure 2, this is shown for 2pW
on a 1 mm SiPM. The breakdown voltage (VBR) of the
device is 27.5 V.

*The data used in this application note refer to a previous generation of sensors with poorer performance than current devices. The figures
are therefore for illustrative purposes only.
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Figure 4. Signal to noise ratio as a function of bias
voltage for different light intensities incident on a
1 mm SiPM.

Figure 2. Signal to noise ratio as a function of bias
voltage for a 1 mm SiPM.

Certain SiPM parameters are a function of SiPM bias, and
so this must be incorporated into the calculation.
• F and ID have a square dependence on bias
• G has a linear dependence on bias
• The PDE as a function of bias is plotted in Figure 3 below.

Figure 5. Normalized signal to noise ratio as a
function of bias voltage for different light intensities
incident on a 1 mm SiPM.
Figure 3. PDE as a function of bias voltage.

Figure 4 shows the same type of plot as in Figure 2, but
repeated for a variety of incident light levels. The light levels
are shown as both optical power and photons per second.
(See Appendix A for more information on converting
optical power into photons/sec).
It can be seen, that as the light level increases, the curve
flattens off at higher bias voltages. This effect is more clearly
seen if the plots are normalized to their maximum levels, as
shown in Figure 5. This means that at higher light levels,
there is a broader range of bias voltages that can set to
achieve a near−optimal SNR.
The same plots are shown for a 3 mm SiPM in Figures 6
to 8.
Figure 6. Signal to noise ratio as a function of bias
voltage for a 3 mm SiPM.
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Figure 9 summarizes the results, by showing the optimal
bias voltage (above breakdown) for both 1 mm and 3 mm
detectors. In addition, the dashed lines denote 90% of the
peak SNR, showing that the 1mm can achieve a very high
SNR over a wide range of bias values. The 3 mm SiPM on
the other hand is slightly more constrained, due to its higher
noise levels.
APPENDIX
In order to calculate the number of photons that are
equivalent to a given optical power, one can use Equation 3,
below, to give the energy of each photon of a given
wavelength (λ),
E + hcńl

(eq. 3)

where,
• E is the energy in Joules
• h is Plancks constant (6.6 x 10−34 J@s)
• c is the speed of light (3.0 x 108 ms−1)

Figure 7. Signal to noise ratio as a function of bias
voltage for different light intensities incident on a
3 mm SiPM.

A watt of power is equivalent to a joule per second, so a
given optical power (in watts) can be divided by the power
of one photon at a given wavelength (Equation 3) to give the
number of photons, e.g) 2pW at 500 nm,
2 x 10−12 ÷ 4 x 10−19 = 5 x 106 photons/sec

Figure 8. Normalized signal to noise ratio as a
function of bias voltage for different light intensities
incident on a 3 mm SiPM.

Figure 9. Optimal bias for various light levels for
both 1 mm and 3 mm SiPMs. The dashed lines
denote 90% of peak SNR values.
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SensL is a registered trademark of of Semiconductor Components Industries, LLC (SCILLC) or its subsidiaries in the United States and/or other countries.
ON Semiconductor and are trademarks of Semiconductor Components Industries, LLC dba ON Semiconductor or its subsidiaries in the United States and/or other countries.
ON Semiconductor owns the rights to a number of patents, trademarks, copyrights, trade secrets, and other intellectual property. A listing of ON Semiconductor’s product/patent
coverage may be accessed at www.onsemi.com/site/pdf/Patent−Marking.pdf. ON Semiconductor reserves the right to make changes without further notice to any products herein.
ON Semiconductor makes no warranty, representation or guarantee regarding the suitability of its products for any particular purpose, nor does ON Semiconductor assume any liability
arising out of the application or use of any product or circuit, and specifically disclaims any and all liability, including without limitation special, consequential or incidental damages.
Buyer is responsible for its products and applications using ON Semiconductor products, including compliance with all laws, regulations and safety requirements or standards,
regardless of any support or applications information provided by ON Semiconductor. “Typical” parameters which may be provided in ON Semiconductor data sheets and/or
specifications can and do vary in different applications and actual performance may vary over time. All operating parameters, including “Typicals” must be validated for each customer
application by customer’s technical experts. ON Semiconductor does not convey any license under its patent rights nor the rights of others. ON Semiconductor products are not
designed, intended, or authorized for use as a critical component in life support systems or any FDA Class 3 medical devices or medical devices with a same or similar classification
in a foreign jurisdiction or any devices intended for implantation in the human body. Should Buyer purchase or use ON Semiconductor products for any such unintended or unauthorized
application, Buyer shall indemnify and hold ON Semiconductor and its officers, employees, subsidiaries, affiliates, and distributors harmless against all claims, costs, damages, and
expenses, and reasonable attorney fees arising out of, directly or indirectly, any claim of personal injury or death associated with such unintended or unauthorized use, even if such
claim alleges that ON Semiconductor was negligent regarding the design or manufacture of the part. ON Semiconductor is an Equal Opportunity/Affirmative Action Employer. This
literature is subject to all applicable copyright laws and is not for resale in any manner.
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