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Summary
The application describes a multiplexer (MUX system)
which allows rapid switching of up to four signals for
multi-channel measurements with a single Zurich
Instrument HF2LI Lock-in Amplifier. The MUX system is
integrated inside a multi-angle light scattering (MALS)
setup for the detection of engineered nanoparticles
(ENPs) in liquids. The MALS detector was successfully
demonstrated with in-line light scattering measurements of liquid samples containing titanium dioxide, silver and gold nanoparticles. The MUX system provides a
compact and cost-effective solution compared to multiple parallel units while retaining the high sensitivity provided by the high-performance lock-in amplifier.

Application
Light scattering, as opposed to light absorption, occurs
when photons change their directions upon hitting a particle. The type of scattering can be reflection, refraction
or diffraction. The transmitted light intensity due to scattering will decrease exponentially as a function of the
material thickness [1]. Static Light Scattering, or SLS, is a
technique where the observation of scattered light intensity and angle with photodiodes is used to measure
molecular weight and size of particles in a solution of

molecules. On the other hand, Dynamic Light Scattering,
or DLS, can be used to measure the diffusion coefficient
of particles. In DLS, the photon detector area is usually
much smaller and the laser beam used is much narrower
than that of SLS. This serves to better measure the fluctuations of the scattered light due to the speed at which
particles travel in a solution [1].
MALS [2] is an SLS technique used for determining the
absolute molar mass and the average size of nanoparticles in a solvent. The detection of the light scattered by
the particles is done at various angles, hence the name
multi-angle. In the MALS system developed by Centre
Suisse Electronique and Microtechnique (CSEM), four
photodiodes positioned at specific angles were used to
accurately determine the diameter of the nanoparticles.
In order to measure the weak scattered light intensity, the
four photodiode signals had to be amplified more than a
million times. The need for high gain can result in additional electrical noise introduced artificially to the measurement signal. To filter the photodiode signal for
improving the signal-to-noise ratio, lock-in amplification
was required.
Despite the fact that HF2LI Lock-in Amplifier has two signal inputs, the proposed MALS module has four photodio d e s i g n a l s w h i ch n e e d t o b e m e a s u re d n e a r ly
simultaneously. Therefore, a multiplexing (MUX) scheme

is required. Multiplexing the measurement signals offers
a compact and cost-effective alternative for data acquisition compared to running several lock-in amplifiers in
parallel. In this case, the MUX system switches sequentially the four photodiode signals to one of the two inputs
of the HF2LI Lock-in Amplifier. The schematic of the
MALS setup is illustrated in Figure 1. The measurement
setup can be divided into the optical and the measurement unit.

complex values of each photodiode signal from the measurement and display the results in a user-defined chart.
A picture of the realized MALS detector is shown in Figure
2. On the lower right side, the 532 nm laser can be seen.
The laser beam passes the chopper wheel and is focused
into the MALS cell. The exiting laser beam from the MALS
cell is trapped in the beam dump on the lower left side.
Above the MALS cell the photodiode aperture system and
the photodiode holder are visible. The focusing lenses for
the photodiodes are bonded to the photodiode holder.
The photodiode amplification stage PCBs are mounted
between two milled Plexiglas parts. On the upper right
side the MUX system can be seen.

Figure 1. Schematic of the MALS detector concept

In the optical unit, a 532 nm diode pumped solid state
(DPSS) laser is used as a light source. The laser beam is
modulated with an optical chopper which also provides a
reference signal phase locked by the HF2LI Lock-in
Amplifier. The modulated beam passes through the MALS
sample chamber and the transmitted laser beam is
trapped in a beam dump. The laser light is scattered by
the presence of the nanoparticles inside the sample
chamber. The scattered light is measured by four photodiodes placed at various angles inside the MALS cell.
The measurement unit consists of customized electronics for photodiode amplification, the 4-to-1 multiplexing
system developed and the HF2LI Lock-in Amplifier. The
four photodiode signals are amplified and pre-filtered to
obtain a good signal-to-noise ratio. Then, the custom
MUX system switches the four photodiode signals
sequentially and in a rapid manner to the lock-in amplifier for demodulation. The HF2LI Lock-in Amplifier can be
controlled fully from a default graphical user interface
(ziControl GUI) on a PC through an USB connection. In this
case, a custom Labview GUI is programmed with application programming interface libraries (LabOne API) delivered by Zurich Instruments. The customized Labview GUI
allows users to control the complete measurement system including the lock-in amplifier and permits more
complex signal processing required for detailed data
analysis. In particular, the software allows post-processing the raw data to extract the demodulated real and

Figure 2. Mechanical setup of the MALS detector with the flow-through cell

Real-time control of the MUX system
Ideally, the four photodiode outputs should be processed
simultaneously to get the most accurate dimension of
the detected nanoparticles. However, this is not possible
due to the limited number of physical inputs of the lock-in
amplifier (two input channels). Therefore, the MUX system was designed to allow the measurement of up to four
signals on a single lock-in amplifier input. Figure 3 illustrates how the MUX system is connected and controlled
by the HF2LI. Figure 5 shows a photo of the developed
MUX system packaged inside a metal casing.
The MUX system allows a channel switching frequency of
up to 20 MHz, and the measured cutoff bandwidth is
approximately 50 MHz. The input resistance of the input
channels can be changed via software between 50 Ω and
1 MΩ. Inside the MUX system, the electrical pointer in the
middle (see Figure 4) turns clockwise and switches continuously the four inputs to the single MUX out port.
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The switching of the MUX system can be fully programmed through the 32-bit digital I/O (i.e. TTL level) port
of the HF2LI Lock-in Amplifier. The I/O port of the MUX
system is designed to be fully compatible with the DIO
breakout board supplied at no cost by Zurich Instruments. Although it is possible to program the DIO port
through the Labview API, the DIO switching is limited to
maximum 100 Hz due to the software and USB latency.
This is too slow for the MALS detection. Fortunately,
HF2LI Lock-in Amplifier comes with an embedded MicroBlaze processor which can be programmed by activating
the HF2LI-RT Real-time option. A pre-compiled custom
C-code controlling various functions of the lock-in amplifier can be downloaded to the processor memory. The
code will then run as a standalone without any need for
intervention from the PC, thus bypassing the software
and the USB latency. This real-time function allows the
DIO bits to be switched at a maximum frequency of tens of
kilo-hertz. At the maximum switching speed, this means
that the demodulation of each photodiode signal must
not exceed 100 μs. The lock-in amplifier filter time constant must also be 3-5 times below this duration in order
to accurately reach the final measured value. Of course
the time constant must also not be too small in order to
maintain a good demodulation signal-to-noise ratio. In
short, the upper limit of the lock-in amplifier filter time
constant is given by the maximum DIO switching speed
while the lower limit is given by the required signal-to-noise ratio.

Figure 4. Working principle of the sequential MUX system

Figure 5. Front view of the 4-to-1 MUX system showing the four inputs, the
single output and the additional power connector

Measurement Procedure

Figure 3. Schematic of MALS setup with MUX system and lock-in amplifier

Figure 6 shows the time traces of the different signals
starting from the laser beam to the analyzed signals. The
laser is used in continues wave (CW) mode. The optical
chopper modulates the laser beam with a modulation
frequency of 4.2 kHz. The modulated scattered light from
the cell is measured with four different photodiodes. Different voltage levels are randomly used to illustrate the
further steps. The MUX system switches each photodiode
sequentially with a frequency of 2 Hz (MUX Output). The
lock-in amplifier filters the MUX Output signal as a continuous signal. The developed LabVIEW software in combination with the real-time software allows the
separation of the lock-in amplifier output according to
the specific photodiodes (Software Analyzed signal).
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ratio. The lock-in amplifier filter time constant used in
this case is 4 ms.

Measurement Results
Detection of 35 nm Au nanoparticles
Figure 8 shows the four photodiode signals in an in-line
MALS measurement of 35 nm Au nanoparticles in a buffer solution. Nanoparticles were flowing through a filter
system. The laser control voltage is set to 0.5 V compared
to the maximum intensity at 2.5 V. The photodiode signals
are not calibrated with respect to offset and gain. The
chart shows relatively smooth signals which means that
the sensitivity of the MALS system is quite good considering that the measurement is carried out at one fifth of
the laser intensity with no calibration.

Figure 6. Steps of the signal measurement procedure, starting from the initial laser signal to the final analyzed signal obtained from the software

Multiplexed photodiode output
The top chart of Figure 7 presents the raw data output of
the lock-in amplifier in real value X (VRMS) with the four
multiplexed photodiode signals. It is a periodic signal
which includes four steps (i.e. each step represents a
specific photodiode signal). The lower chart of Figure 7
shows the four photodiode channels (magenta, red,
green, blue) separated by software after post-processing. The separated channels can then be further processed and analyzed.

Figure 8. In-line CSEM MALS measurement of 35 nm Au nanoparticles

Conclusion
This note describes the development of an innovative
nanoparticle detection setup based on the combination
of a MUX system with the HF2LI Lock-in Amplifier. This
setup allows the measurement of up to four individual
electrical signals with a single lock-in amplifier input.
The system is used in a MALS setup to determine the light
scattered by engineered nanoparticles in a flow-through
configuration. Measurements obtained with 35 nm Au
nanoparticles using the MALS technique were presented
to demonstrate a successful proof of concept.

Figure 7. Top: the lock-in amplifier data output X (VRMS). Bottom: the four
software-separated photodiode channels (white, red, green, blue)

The DIO switching is done at 2 Hz. Initially the measurements were done with a switching frequency of 80 Hz
(31.25 ms per photodiode channel) but due to the high
data volume generated over a measurement period of 30
minutes, the switching frequency was decreased. One
can see from the measured steps that the signals settle
to its final measured value with good signal-to-noise

User Benefits
Zurich Instruments HF2LI Lock-in amplifier with
HF2LI-RT Real-time option provides an integrated solution for fast control of other instruments in a measurem e n t s e t u p. U s e r s o f Z u r i c h I n s t r u m e n t s H F 2
Instruments can easily upgrade to a multi-channel sys-
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tem with a nominal switching speed of up to 10 kHz. Other
features include:

•
•
•
•

Modulation frequency range from DC to 50MHz
Dual signal input, up to 8 signals using two external MUX systems
Two reference signal generators
API programming interface supported for LabVIEW, MATLAB, and C language
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