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Fig. 2. Image of setup and illustration of how the light is guided through one 

waveguide on the Si chip. The inset shows an IR image of the output, where the 

small circle shows the far field distribution of the modes guided by the waveguide 

and the bigger half circle is the light not coupled through the waveguide. 

Fig. 1. SEM image of one of the waveguides still on the Si-wafer, and the inset 

shows the waveguides side by side after the edge of the Si-chip  has been remved  

• Aluminium for etching process only 

• Diamond waveguide 
• Si3N4 layer 
• Thermal oxide 

 
 

Mid-infrared (MIR) spectroscopy is an extremely powerful method 
to study biomolecules, since it combines chemical specificity and 
sensitivity with almost non-destructive probing. MIR vibrational 
spectroscopy (500 to 3500 cm-1; 3-20 µm) is based on the 
excitation of fundamental molecular vibrations which are 
characteristic for each species, as well as its molecular structure. An 
example were MIR spectroscopy can contribute is the study of 
proteins and related biological entities by its "molecular 
fingerprinting"-information. This is not easily offered by other 
existing proteomic tools. Moreover, small structural changes of a 
molecule can result in large changes in the dipole moment of the 
molecule and since IR spectroscopy measures the interaction of the 
infrared light and the dipole moment of the sample, strong signals 
correlating to small structural changes may be obtained. IR 
spectroscopy is today used in bioanalytics but up to now it has not 
been used as sensitive (bio)sensors or as bioassay platforms. The 
main hurdle is due to the fact that conventional IR spectroscopic 
techniques require relatively high amounts- or concentrations of the 
species to obtain a usable spectrum (because the IR cross section is 

much smaller than the IR wavelength squared). For instance 
fluorescence based optical techniques has proven to be very useful 
in bioassays. Other successful techniques are (bio)sensors that are 
sensitive to changes of mass (quartz crystal microbalance, QCM) or 
refractive index (surface plasmon resonance, SPR). In general, all 
these techniques are based on the same “sensing” principle, i.e. 
bonding of the analyte to specific (receptor) sites at the sensor 
surface and monitoring of changes in refractive index or mass (or 
related mechanical properties). These methods can yield invaluable 
molecular information such as chemical identity, concentration, 
binding affinity, conformational properties, thermodynamic 
parameters, etc. Drawbacks with current commercial techniques 
include poor sensitivity toward small molecules (SPR and QCM), 
and unspecific analyte binding. Fluorescent techniques rely on 
changes of fluorescent properties, which works well for some 
molecules but not for others; otherwise tedious additions of 
fluorescent labels are required. MIR-spectroscopy is a label-free, 
non-destructive technique and can give complementary, and 
sometimes unique information compared to other available 

biosensor techniques, and does not per se require an affinity layer 
for chemical specificity, other than for concentration enhancement 
purposes. Thus the important issue of non-specificic bonding can be 
directly addressed.  
 Here, the aim is to develop of a miniaturized MIR-spectroscopic 
measurement technique based on diamond waveguides that enables 
sensitive, label-free detection of chemicals and biomolecular 
interactions. As a proof of concept, the detection of acetone in D2O 
via evanescent field absorption has been demonstrated achieving a 
LOD as low as 18 pL, which indicates a significant sensitivity 
improvement compared to conventional MIR slab/strip waveguides 
reported to date [1]. We anticipate that our proposed platform will 
enable direct and label-free detection of molecular recognition 
events and of structural and conformational changes with inherent 
molecular selectivity, thereby providing next-generation, molecular-
based diagnostic technologies for the characterization and 
quantification of biomolecules.  
  

Introduction 
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Fig. 5. Images of the powerflow (colorscale) and electric field 

strength (arrows) of the first few modes guided by the waveguide at 

6 µm wavelength. The waveguide is outlined by the black lines and is 

sitting on thermal oxide. The simulation is performed in Comsol 

Multiphysics.  
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20 µm waveguide width, 14 µm height, 30° bevel, 15 nm surface roughness
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Fig. 6. Measured and simulated propagation loss for the diamond 

waveguides used in this study  
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Fig. 4. Line plot of the logaritmic intensity along the center of the 

waveguide shown in previous figure. The linear fit indicate that the 

propagation loss of the waveguide is ~51 dB/cm. The peak at 1.5 

mm indicates an irregularity in the waveguide causing light to be 

coupled out and introducing an excess loss of a few percent.  

Fig. 3. Intensityplot of light at 980 nm 

wavelength leaking from waveguide 

due to scattering of the guided light 

due to surface roughness. 

The polycrystalline diamond waveguides (Fig. 1) are fabricated by 
etching a 14 µm thin diamond film with a Al mask in O2/Ar/SF6 

chemistry and high bias power. The thin film which has been 
grown on a 200 nm thin Si3N4 layer on an oxidized Si wafer. The 
procedure is to that described in [2]. The finished waveguides has a 
cross-section of 20x14 µm, a bevel-angle of 30°, and a length of 8 
mm. Since the bevel angle is larger than the critical angle for total 
internal reflection the guided modes have no means of escaping, 
hence the waveguide used here is cleaved by simply breaking it 
after the etch process.  

 The insertion loss of the waveguides is measured by coupling 
light at wavelengths 660 nm, 980 nm, and 1460 nm through the 
waveguide, see Fig 2, after which the propagation loss is calculated 
to be 100, 55 and 30 dB/cm respectively. The scattering loss at 980 
nm is also estimated by imaging the light leaking from above the 
waveguide and fitting an exponential curve to the intensity 
distribution as can be seen in Fig. 3-4, and the fitted curve indicate 
a loss of 51 dB/cm. 

 The major source of propagation loss originate from the top 
surface roughness, RMS ~15 nm, causing scattering loss. By 
simulating the first few modes with the finite element method 
(Comsol Multiphysics), see Fig. 5, and approximating the structure 
with a slab waveguide, the expected scattering loss vs. wavelength 
be calculated using Tien’s model. This rough estimate coincide well 
with the measured propagation loss, see Fig 6. 

Results 

 
 

Outlook 

We aim to measure the propagation loss further up into the MIR spectrum to confirm the validity 
of the simulations and assumptions made, in order to guide us in the development of single-mode 
waveguides that will later be used for chemical sensing/biosensing, in combination with tunable 
quantum cascade lasers. The wavelengths of interest for our further studies will span the spectral 
interval between 3-20 µm, and since the thermal oxide layer starts to absorb heavily above 7 µm 
wavelength we have to construct a way of keeping the diamond waveguides suspended in the air. 
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