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Abstract: We designed and fabricated an arrayed waveguatengr(AWG) in silicon oxynitride as
spectrometer for optical coherence tomography (O0he AWG is used as a spectrometer in a
fiber-based SD-OCT system. OCT measurements aferperd and demonstrate imaging up to the
maximum imaging depth of 1 mm at a spatial resotutif 19um. Finally, an OCT image was made
of a multi-layered phantom using the AWG-based SDFQystem.

1. Introduction

Optical coherence tomography (OCT) [1] is an ireeymetric imaging technique which has been develapéhe
last 20 years. It generates high resolution crestieénal images up to a few millimeters deep. NaayadOCT is
gaining widespread use in the clinic, particularnyophthalmology. However, current OCT systems gaheare
bulky and expensive. Integrated optics is expetmadake OCT system significantly smaller and margt efficient
[2-5].

In spectral-domain OCT (SD-OCT), one of the kesnponents is the spectrometer where light is diféd and
dispersed via diffraction gratings. In integratgdics, the arrayed waveguide grating (AWG), firsignsed by Smit
in 1988 [6], was designed and used as a dispessiement in telecommunications for wavelength donsi
multiplexing. With its high resolution and compaess, AWG spectrometers provide an excellent pedoma SD-
OCT. We desigh an AWG spectrometer with large badith in silicon-oxynitride (SION) as a spectronrefier SD-
OCT. SIiON is transparent over a long wavelengtlyeatat covers all the frequently used OCT wavdlebands
at 800, 1000, and 1300 nm. We perform OCT charaetéyn and imaging with a SiON-based AWG spectr@ne
designed for 1300 nm center wavelength and useditfiber based SD-OCT system. To the best of aconkedge,
this is the first time an AWG spectrometer was eyl in OCT and used for optical imaging.

2. Materials and Methods

2.1 Arrayed waveguide grating spectrometer (AWG) dgign

The AWG structure includes input waveguide, outpatveguide, free propagation regions (FPR), objéatey
image plane and arrayed waveguides as illustratethé inset in Fig. 1. The operation principle V& is as
follows: light is transmitted into the input wavede where it enters the first FPR; the light divesagand is then
coupled into the arrayed waveguides. The lengtferdiice between the adjacent waveguides in theyestra
waveguide is chosen to be an integer number otémtral wavelength. With this choice, the wave-frah the
beginning of the second FPR is cylindrical and eadight focused on the image plane [6].

For this AWG spectrometer, we aim at anph8-depth resolution (calculated based on the tressarn
spectrum of the AWG spectrometer) and 1-mm deptbealetermined by the wavelength resoludarfwavelength
spacing per output waveguide). These requiremeressitate a large free spectral range (FSR = 78amuh)high
wavelength resolutiod{ = 0.4 nm) of the AWG spectrometer.

Single-mode silicon oxynitride (SiON) channel wguiles with 2um width and 0.8um height were used for
the AWG spectrometer. For the upper claddingpamdthick silicon dioxide layer was used. The cord atadding
refractive indices were 1.55 and 1.45 at dn3, respectively. The minimum bending radius of edrwaveguides
was calculated to be 5Q0n. The minimum spacing between the arrayed waveguihd between the 195 output
waveguides were optimized using the beam propayatiethod in order to reduce loss and crosstalkegd].
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Fig. 1 Schematic of the experimental setup used forr-fizsed SD OCT with an AWG spectrometer.

2.2 Experiment

A schematic of the fiber-based SD-OCT system witN@\ spectrometer is shown in Fig. 1. The Michelson
interferometer was illuminated with a superlumiresgcdiode which had a partially-polarized Gaussilke-
spectrum of 40-nm bandwidth and a central wavelengtl300-nm. Via a circulator the light was couplato a
90/10 beam splitter. Polarization controllers wplaced into both, sample and reference arm. Th&rétkected
light was redirected through the optical circulaimithe spectrometer. The diffraction grating, whis commonly
used in this SD-OCT system [8], was replaced by ititegrated AWG. The beam coming out from output
waveguides of AWG was focused onto a 46 kHz CCPBsloian camera using a high numerical aperture cderesa

A moveable mirror was placed in the sample arm ¢asare signals in depth.

The acquired spectra are processed by first sutbitgathe reference arm spectrum, then compensdtiag
dispersion, and finally re-sampling to k-space. dbeined spectrums were Fourier transformed tainlthe OCT
signal. The reference spectrum, which is the trasson spectrum of the AWG spectrometer, was useazhlculate
the theoretical axial resolution [9].

3. Results

Figure 2 shows the reference spectrum and thefénégice 8

spectrum after reference subtraction at 100-umhdepte — Reference spectrum

theoretical axial resolution calculated based enrdierence —— Interference spectrum after reference subtraction

spectrum is 18-pum.

The OCT signals in depth measured are shown inJig.
The (maximum) depth range is calibrated using th
wavelength spacind) from the AWG as input. We are able
to achieve an OCT imaging up to the maximum deatlye
of 1 mm. The ratio of the spectral resolution te sampling
interval w, [10] determined from the signal decay data in Fi¢
3, isw=1.2. The measured signal-to-noise ratio was 7atdB
100 micrometer depth.

Fig. 4 shows the measured axial resolution (fuliittviat

Intensity (arb.u)

half maximum) in depth in comparison with the thetimal B
axial resolution (18-um). A slight decrease in Hept 1260 1280 1300 1320 1340
resolution is observed at larger depths, which beyue to Wavelength (nm)

lens aberration from the imaging system Fig. 2 Reference spectrum (black line) and interferepesetsum

after reference spectrum subtraction (red line).
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Fig. 3 OCT magnitude in depth for a mirror in the sangie. Fig. 4: Measured OCT axial resolutions (red) with the AWG
in comparison with the theoretical axial resolution
As a demonst_ratlon of OCT imaging usmg_the AWG Lateral distance (um)
spectrometer, an image of a layered phantom is show 1000 2000 3000

Fig. 5 and was obtained by scanning the samplebaiam
over the sample. The phantom consists of threeadage
scattering medium @& 4 mm®, refractive index n = 1.41)
interleaved with non-scattering tape. We can oleseatv
three scattering layers up to the maximum imagiepgth
of 1 mm. The current imaging resolution and imaging
depth are sufficient for biological imaging but cde
increased by increasing the FSR and the numbeutpiub
channels.
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4. Conclusions
We have demonstrated the first partially integragio-
OCT system by designing a SiON-based AWGI9- 5An OCT image of the layered phantom measured thigh

. . AWG as spectrometer
spectrometer for the 1300-nm spectral region. Aagimg
depth of 1 mm and an axial resolution of i® (at 100um depth) were obtained. OCT imaging of a layered
scattering phantom was demonstrated.
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