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Megahertz Optical Coherence Tomography

High speed imaging is a game-changer in optical coherence tomography imaging. It can solve both the  
existing motionartifact related imaging quality issues and open up new medical fields of applications.  
We propose a compact integrated-optics based parallel OCT design in which several optical waveguides with 
pre-defined length differences are used for space-division multiplexing. The imaging speed can easily go up to 
megahertz (~ few microseconds) range.

We offer a novel, rugged, compact, and inexpensive tool that can be implemented not only in OCT systems but 
also other optical imaging techniques.
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1. Preliminary results

In this work, an integrated-optics based parallel OCT design is presented. The design consists 
of several waveguides with certain length differences that are combined with wavelength-
independent couplers (i.e. multi-mode interference, MMI) for space-division multiplexing. 
Electrodes will be placed on each beam path in order to separate desired signal from unwanted 
reflections at the optical surfaces or tissue. The imaging speed will be improved by the number 
of the beam paths used. In addition to fast imaging, the proposed design will be very compact 
which makes it very suitable to be used in endoscopic probes. The proof-of-concept of this idea 
is successfully demonstrated on a device that consists of 2 times 4 parallel OCT channels with a 
certain optical delay increment between each. 

The design was made in TriPleX technology platform. The waveguide geometry is a single 
strip Si3N4 of 50 nm height and 3.4 μm width. The top and bottom SiO2 cladding layers are 8 
μm thick. Waveguides operate in single mode at 1550 nm wavelength and have a minimum 
bending loss for TE polarization. 

The chip consists of 2 times 4 parallel OCT channels that are realized with a total of 6 Y-
couplers. Each individual OCT channel has an optical path length delay with respect to the other 
channels, such that they can all be measured simultaneously in one single measurement. The 
chip layout is shown in Fig. 1(a). 

Figure 1.  (a) Layout of the parallel OCT sample arm chip with 8 parallel channels. (b) A-lines for 
the first 4 OCT channels of the parallel chip. The measured delay lines are 2.22 mm, 4.62 mm, 
7.27 mm.

For the purpose of characterizing the chip, 4 channels were sequentially measured by 
translating the lens from channel #1 to channel #4. In principle, with the choice of an 
appropriate imaging lens, all 8 channels can be measured in parallel. Figure 2 (b) shows plots 
composed of 4 sequentially measured OCT channels. During the measurement, the position of 
the sample and reference arm mirrors was not changed. The optical path length difference 
shown in Fig. 3(b) is created by the on-chip length difference. The measured delays lines are 
2.22 mm, 4.62 mm, 7.27 mm, which are in good agreement with the designed delay lines of 
2.5 mm, 5.0 mm, and 7.5 mm. Due to the material refractive index mismatch between the 
sample arm (TriPleX) and the reference arm the width of the signal corresponding to the 
position of the mirror is broadened. To return the signal to its bandwidth limited width we 
applied dispersion compensation based on a numerical algorithm.

2. More compact design for endoscopy applications 

An illustration of the sample arm configuration with the multi-beam imaging design using 
curved waveguides in combination with branches is shown in Fig. 2. This design has a smaller 
device size which makes it compatible for endoscopy applications. Input light will be divided 
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