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Summary:

We describe a multiplexing technique to simultaneously measure the absorption properties of gas at
two different wavelengths using just one photodetector and an orthogonal frequency synchronous
detection technique with non-sinusoidal modulation. This concept is demonstrated in a near infrared
(NIR) spectroscopic application, measuring ethanol vapor in air.
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Synchronous Detection and Integrating
Spheres in Spectroscopy

To gather even the smallest signal or signal
change in spectroscopic applications, the usage
of lock-in amplifiers is a commonly used tech-
nique. Synchronous detection, the principle
behind lock-in amplifiers has been described in
a historical overview already in 1954 [1]. How-
ever, some more detailed and application spe-
cific literature can be found in [2][3][4]. A princi-
ple schematic of a synchronous detector is
depicted in Fig. 1. At this point, it shall be point-
ed out, that the reference signal does not nec-
essarily need to be a sinusoidal signal, but can
be more generally the excitation signal of the
system.

Integration spheres are known to be beneficial
in some spectroscopic applications, especially
in scattered reflectance or transmittance meas-
urements [5][6]. Especially integrating spheres
are beneficial in gas sensing applications, as
they easily increase the effective optical path
length from the light source to the detector.
Hence, the interaction length between light and
gas sample becomes higher [7].

Application and Optical Setup

In the work presented here, an integrating
sphere is used to measure ethanol vapor in air.
The setup is sketched in Fig.2. Two light
sources (LS) are mounted to the sphere. The
first LS is a DFB Laser with a wavelength of
2274 nm, which is close to an absorption band
of ethanol. The second LS is a NIR-LED at a
wavelength of roughly 1550 nm, which is in-
tended to measure any other analyte but etha-
nol.
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Fig. 1: Simple schematic of a synchronous detector.

The light of the LSs is detected with a photode-
tector (PD) which is sensitive for both wave-
lengths. The PD is mounted to a port of the
integrating sphere that is not centered. Thus, no
direct illumination of the PD by any of the LSs is
possible. The port at which a sample can be
mounted is actually at the rear side of the inte-
grating sphere and thus not visible.
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Fig. 2: Optical and electrical setup.
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During measurement, both LSs are operated
simultaneously and are pulsed with a rectangu-
lar waveform with a duty cycle of 50%. While
LS 1 is modulated with a frequency of 480 Hz,
LS 2 is modulated with a frequency of 985 Hz,
which is roughly the double frequency. It shall
be emphasized that the ratio of these frequen-
cies was chosen consciously. A synchronous



detector with a rectangular waveform (duty
cycle of 50%) as reference signal does not only
show a sensitivity at the fundamental
frequency, but also at all odd harmonics,
though with decreasing sensitivity. Thus care
has to be taken, that the modulation signals of
LS 1 and LS 2 do not share any harmonics. For
the given case only odd harmonics are
expected and by choosing the modulation
frequencies with a ratio of two, the constraint of
no common harmonics is fulfiled. Thus both
signals are mathematically orthogonal to each
other, which guarantees cross sensitivity
freedom. However, in the considered case the
frequency ratio is not exactly two and at some
point two harmonics will come to lie at almost
the same frequency. Fortunately, as mentioned
before, the sensitivity of the synchronous
detector decreases for higher harmonics, so
that this problem is not severe.

The actual synchronous detection of the PD
signal is done digitally by sampling the
measurement and excitation signals (Sync.
Signal 1/2) and processing them with a PC.
Fig 3 shows snippets of the two synchronization
signals and the measurement signal. It can be
seen, that the measurement signal is a
superposition of both excitation signals scaled
by any factor.
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Fig. 3: Sampled signals according to Fig. 2.

Fig. 4 sketches the digitally implemented lock-in
algorithm. With a rectangular excitation signal
beeing used for both LSs, the algorithm is
basically a multiplication of the measurement
signal with the sign of the mean value free
synchronization signal.
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Fig. 4: Principle of the digitally implemented
synchronous detector.

Results

A measurement (Fig. 5) has been performed by
first flushing the integrating sphere with air.
Then the sample port was left open for some
time to measure the signal amplitude from both
LSs at the detector when no analyte is present.
After roughly 200 seconds, a cotton wool ball
soaked with a 37.5%vol. ethanol solution was
brought to the sample port. As the ethanol va-
por fills the integration sphere, the detected
intensity of LS1 decreases while the intensity of
LS 2 is unaffected.
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Fig. 5:  Measured light intensity of LS 1 and LS 2 at
the photodetector. The separation of both is done by
using synchronous detection.

Simultaneous measurement of two different
light intensities by orthogonalization of both
signals using different modulation frequencies
has been demonstrated.
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