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Dynamic light scattering (DLS) is widely used to estimate the size of nanoparticles, proteins,
and other macromolecular systems in solution. It does this by analysing fluctuations in
scattered light as particles move through a liquid by Brownian motion. For demanding
measurements, especially with dilute samples, very small particles, or complex formulations,
detector performance can become a major factor in measurement quality.

Why detector performance matters

The core output of a DLS instrument is the intensity
autocorrelation function, which describes how scattered
light intensity changes over time. For monodisperse
samples, this produces a clean exponential decay; for
polydisperse systems, it becomes broader and more
complex to interpret.

To produce reliable results, the detector must be able to resolve
fast, low-amplitude changes in intensity with minimal noise.
Single photon detectors are well suited to this requirement,
offering high temporal resolution, low noise, and high dynamic
range compared with conventional analog photodetectors.

Among single photon detection technologies, Single
Photon Avalanche Diodes (SPADs) are widely used in
modern DLS instrumentation due to their combination of
sensitivity, timing performance, and robustness.
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lllustration 1: How particle motion affects scattered light fluctuations in DLS
Smaller particles diffuse faster than larger ones, producing more rapid fluctuations in scattered light intensity, Mike Jones CC BY-SA 3.0, https://en.wikipedia.

org/wiki/Dynamic light scattering.
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Three SPAD detector parameters
that shape DLS results

Not all SPAD detectors perform equally well in dynamic
light scattering particle-size analysis. Three parameters
have the most direct impact on measurement quality.

Afterpulsing probability

Afterpulsing refers to false detection events that occur
after a real photon has been detected. These spurious
counts can introduce artificial correlations into the
autocorrelation function, distorting the result.

This matters particularly when measuring small or weakly
scattering particles, where the true signal is already close
to the noise floor. Lower afterpulsing supports cleaner
correlation data and more reliable size measurements.

Photon detection efficiency (PDE)

PDE describes how reliably a single photon detector
registers an incoming photon into measurable events.
Higher PDE improves the statistical robustness of each
measurement by capturing more of the scattered signal.

In practice, this can reduce the need for repeated
acquisitions and support more reliable particle sizing,
especially when scattering intensity is low.

Maximum count rate (MCR)

At high photon flux with concentrated samples, large
particles, or elevated laser power, a SPAD detector
with a limited maximum count rate will saturate or enter
extended dead time, distorting the correlation function.

A high MCR preserves data fidelity and allows the use
of stronger excitation power or more concentrated
suspensions, while also enabling faster acquisition of
statistically reliable correlation data.
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Where this matters in practice
The combination of low afterpulsing, high PDE, and high
MCR helps maintain reliable DLS performance across a

broader range of samples and conditions.

This is especially relevant for:

Early-stage aggregate detection in
biopharmaceutical formulations

Extracellular vesicles, lipid nanoparticles,
and viral particles
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Proteins and biomolecules at nanomolar
or sub nanomolar concentrations

i

Advanced measurement geometries
such as backscatter (~173°)
and multi-angle DLS

In these cases, detector limitations can quickly become
measurement limitations. Better detector performance helps
preserve data quality when signals are weak, optical losses
are higher, or sample behaviour is more complex.
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Hamamatsu's single photon
detectors for DLS

Hamamatsu Photonics has long-standing expertise
in single photon detection, from photomultiplier tubes
(PMTs) to silicon photomultipliers (MPPCs) and SPAD
detectors. For DLS applications, Hamamatsu offers high-
performance SPAD detectors and modules designed
to support accurate photon counting under demanding

conditions.

Hamamatsu SPAD modules can achieve afterpulsing
levels as low as 0.1%, maximum count rates of 37 million
counts per second (Mcps) or higher, and a strong PDE
at wavelengths commonly used in DLS, with primary
sensitivity around 630 nm and substantial efficiency also
maintained at 785 nm and 830 nm.

The portfolio includes both detectors and integrated
modules combining the sensor with control electronics,
temperature stabilization, and digital output signals, to

simplify system integration.
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series )
C130001 70% 35% 15% 12% 0,1% 7 cps Passive | 30 Mcps | 400 ps
series for
FC
csl?‘ise:ssx 35% 65% 35% 25% 0,1% 20 cps Passive | 20 Mcps 400 ps
C1654x
ie"es 35% 65% 35% 25% 0,5% 20 cps Active | 37 Mcps | 400 ps
emos
available

SPAD Standard Package
C11202 series and C1653x series

SPAD OEM Package
C1654x series

Our engineers are available to discuss detector selection for specific DLS
setups. To explore options for your application, please contact us
at info@hamamatsu.eu or visit www.hamamatsu.com.
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