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Abstract— We present experimental results of spectral-domain 
optical coherence tomography systems using arrayed-waveguide 
gratings (AWG) for the 800-nm and 1300-nm spectral ranges. A 
phantom is imaged by using the 1300-nm AWG.  
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I.  INTRODUCTION 

Optical coherence tomography (OCT) [1] is an 
interferometric imaging technique which has been developed in 
the last 20 years. It generates high resolution cross-sectional 
images up to a few millimeters deep. Nowadays OCT is 
gaining widespread use in the clinic, particularly in 
ophthalmology. However, current OCT systems generally are 
bulky and expensive. Integrated optics is expected to make 
OCT system significantly smaller and more cost efficient [2-4]. 
In spectral-domain OCT (SD-OCT), one of the key 
components is the spectrometer where light is diffracted and 
dispersed via diffraction gratings. In integrated optics, the 
arrayed waveguide grating (AWG), first proposed by Smit [5], 
was designed and used as a dispersive element in 
telecommunications for wavelength division multiplexing. 
With their high resolution and compactness, AWG 
spectrometers can provide excellent performance in SD-OCT.   

In this work, silicon-oxynitride (SiON) based AWG 
spectrometers were designed to be used in SD-OCT imaging of 
retina and skin. We perform OCT characterization and imaging 
with the 1300-nm AWG spectrometer. In addition, a new 
method to enhance the depth range of the OCT system using an 
AWG was introduced. By omitting the output channels from an 
AWG operating around 800-nm, the depth range has been 
improved from 1 mm to 3.3 mm. 

II. AWG SPECTROMETERS  

In this work, the free spectral range (FSR) values of our 
AWG spectrometers are chosen to be 20 nm and 78 nm for λc = 
800 nm and 1300 nm, respectively, by considering the design 
limitations. The bandwidths of the light sources that we used in 
the OCT measurements are much smaller than the bandwidths 
of the AWG spectrometers: ∆λFWHM = 13 nm and 40 nm, 
respectively. In this way, the axial resolution is mainly 
determined by the bandwidth of the light source. The 

bandwidths of the chosen light sources limit the theoretical 
axial resolution (for air, n = 1) to ∆z = 23 µm and 18.5 µm for 
λc = 800 nm and 1300 nm, respectively.  

For both spectral ranges, we aim at a maximum depth range 
of zmax = 1 mm, which requires a wavelength spacing of δλ = 
0.16 nm and 0.4 nm for the 800-nm and 1300-nm AWG, 
respectively. Both spectrometers were fabricated with single-
mode SiON channel waveguides.  

III.  OCT MEASUREMENTS 

A schematic of the fiber-based SD-OCT system with AWG 
spectrometer is shown in Fig. 1(a). The Michelson 
interferometer was illuminated with a superluminescent diode 
having a partially-polarized 40-nm-bandwidth Gaussian-like 
spectrum centered at 1300-nm. Via a circulator the light was 
coupled into a 90/10 beam splitter. Polarization controllers 
were placed into both, sample and reference arm. The back 
reflected light was redirected through an optical circulator to 
the spectrometer. The diffraction grating, which is commonly 
used in this SD-OCT system, was replaced by the integrated 
AWG. The beam coming from the AWG output waveguides 
was focused onto a 46 kHz CCD linescan camera using a high 
numerical aperture (NA) camera lens. A moveable mirror was 
placed in the sample arm for testing the depth range and 
resolution. The acquired spectra are processed by first 
subtracting the reference arm spectrum, then compensating the 
dispersion, and finally re-sampling to k-space. The obtained 
spectra were Fourier transformed to obtain the OCT signal. As 
a demonstration of OCT cross-sectional imaging using the 
AWG spectrometer, an image of a three-layered scattering 
phantom is obtained by using part of a fiber-based OCT set-up 
with the 1300-nm AWG as spectrometer, see Fig. 1(b). 

IV.  ENHANCED DEPTH RANGE 

For obtaining a large depth range, the AWG spectrometer 
must have a high wavelength resolution, while a high axial 
resolution requires a wide FSR. As the output spectrum of a 
usual AWG is discretized in a number of output waveguides, 
the combination of large depth range and high axial resolution 
requires a large number of output channels, up to a point where 
space limitations inhibit further improvement. One possible
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Figure 1.  (a) Optical measurement set-up of fiber-based Michelson interferometer with integrated arrayed waveguide grating (AWG) spectrometer.  
(b) An OCT image of the three-layered scattering phantom measured with the AWG as spectrometer in SD-OCT.

solution is omitting the output channels (or removing them 
from a conventional AWG by dicing [6]). In this way, the 
wavelength discretization will be determined by the number of 
pixels on the camera, which can be much larger than the 
number of output channels, thus enhancing the depth range 
significantly. The designed depth range of 1 mm was achieved 
experimentally. The dashed line in Fig. 2(a) shows a fit of the 
roll-off function to the measured data. For enhancing the 
maximum depth range, the output channels of the AWG were 
removed by dicing the chip near the output facet of the second 
free propagation region. 

 

Figure 2.  Measured OCT signal versus depth and fit of the roll-off (dashed 
line) for the 800-nm AWG, (a) with, and (b) without output channels. 

The high-NA lens, shown in Fig. 1(a), is replaced by an 
objective lens, arranged to provide 10× magnification, thus 
addressing 450 CCD pixels, which increased the number of 
sampling points from 125 (number of output waveguides) to 

450. The overall spectral resolution which is given by the 
combination of these two resolutions, i.e. the convolution of 
the diffraction pattern of the AWG for a single frequency, and 
the finite size of the CCD pixel, was calculated as 0.0465 nm. 
Theoretically, this resolution results in an improved depth 
range of 3.45 mm. Experimentally, the maximum depth range 
was enhanced from 1 mm to 3.3 mm, as shown in Fig. 2(b). 
The dashed line in Fig. 2(b) is the fit of the OCT roll-off in 
depth.  

V. CONCLUSIONS 

SiON-based AWG spectrometers have been designed and 
fabricated for on-chip spectral-domain OCT systems. A 
phantom image was taken by using a fiber-based SD-OCT set-
up with the 1300-nm AWG spectrometer. In addition, the depth 
range of the SD-OCT system using 800-nm AWG has been 
improved to the level of existing bulk commercial systems by 
removing the output waveguides of the AWG. By integrating 
one of the most challenging parts of the SD-OCT system onto a 
chip, we have moved a significant step forward toward on-chip 
SD-OCT systems. 
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