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Integrated Near-Infrared 
Spectral Sensing

Optical spectroscopy has been used for decades 
to classify materials and measure their com-

position. Traditional benchtop spectrometers, 
while providing high resolution and wide spectral 
range, are bulky and contain moving parts. The 
need for in-situ and field sensing has recently 
driven a quest for spectral sensors with reduced 
footprint, increased portability and lower cost, 
which can potentially extend their application 
to consumer markets and even smartphones.1 
Enabling such applications requires chip-level 
integration and mass manufacturing using semi-
conductor processing methods. 

While substantial progress on integrated 
spectral sensors has been made in the visible 
spectral region and up to 1100 nm,2 progress has 
been limited in the region from  1100 to 1700 nm, 
which is particularly interesting for applications 
in agri-food and health care. In pursuit of a simple 
and robust solution, we have recently developed 
a fully integrated near-infrared (NIR) sensor 
based on an array of 16 resonant-cavity-enhanced 
photodetectors operating in the 850-to-1700-nm 
wavelength range.3

Each pixel of our array contains a thin absorb-
ing layer inside a Fabry–Pérot cavity, resulting 
in a strong spectral dependence of the quantum 
efficiency. The spectral response is tuned individu-
ally by changing the effective optical 
path of the cavity system, which 
allows the spectral range of inter-
est to be covered. We used InGaAs 
membrane-on-silicon technology 
to fabricate the detector, which dis-
played spectral peaks with linewidths 
of 100–200 nm and high responsivi-
ties of up to 0.36 A/W, enabling a 
high signal-to-noise ratio in sensing 
experiments.

We further showed that the photo-
currents produced by the detectors 
can be directly used as input to a 

regression model, without any intermediate step 
of spectral reconstruction. This marks a paradigm 
shift from “spectrometry” to “spectral sensing,” 
focusing on sensing performance rather than on 
device parameters such as spectral resolution. 

As a proof of principle, the array has been 
used in several sensing experiments. We have 
determined the fat content of milk with high 
accuracy, indicated by a coefficient of determi-
nation R2 = 0.942. This is a relevant problem as 
it impacts the economic value of milk. We also 
used the sensor array to classify different plas-
tic types (potentially useful in waste sorting), 
and demonstrated its possible application in the 
identification of illegal drugs.4

We expect that our platform can achieve high 
sensing performance for a wide range of organic 
and inorganic materials. Most biochemical quan-
tities of interest—such as sugar, starch, fat and 
protein—produce relatively broad spectral signa-
tures, and can be detected using an array-based 
spectral sensor with limited resolution. We thus 
believe that our results enable a major step in the 
miniaturization of spectral sensors, a platform 
that provides a solution for many quantification 
and classification problems in which minimiz-
ing the complexity, size and cost of the sensors 
is critical. OPN

Left: Spectral-sensor chip wirebonded for electrical read-out. Right: Measured responsivity for 
16 pixels of the same array, with measured tuning-layer thickness increasing from 22 to 451 nm. 
Resonant modes are indicated by M1 to M4. An offset, with increasing steps of 0.05 A/W, is added 
for clarity. The zero-responsivity axis for each curve is indicated by the dashed line in the 
corresponding color.
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