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Optical Coherence Tomography (OCT) is an emergjptical imaging technology with

ever growing number of applications. OCT enablesrom scale cross-sectional
imaging of subsurface microstructures by measutiregbackscattered intensity of light
from subsurface layers of the materials. CurrentlQ@aging systems are fiber or free
space optics based and they can be miniaturizedudir integrated photonics. We
discuss the design parameters for photonic comgeriem OCT such as broadband
light source, splitters and output couplers oncsifi on insulator platform, which can
be fabricated using CMOS compatible wafer scalegss.

I ntroduction

Optical Coherence Tomography (OCT) is an opticahging technique capable of
providing cross-sectional subsurface images of nmbgeneous materials, such as
biological tissue, with micron scale resolutionré@al time. OCT imaging is analogue to
ultrasound imaging but instead of using sound waveses broadband light source.
Using broadband light rather that ultrasound presidlO times higher resolution,
however penetration depth is lower. In a typicatesf the art spectral OCT system, as
shown in Figure 1a, light from a broadband lighturse is split into two arms by a
splitter. The beam in the sample arm is focusedthentissue and the light in the
reference arm is send to a fixed mirror. The badlected light from multiple layers
within the tissue is collected with the same foogsoptics and is interfered with the
light reflecting from the fixed mirror in the refmice arm. The interference signal is
detected with a spectrometer and Fourier Transfofritine interferogram provides the
depth profile of the sample. By scanning the beat@rlly over the sample, 2D cross-

sectional and 3D volumetric images are obtained.
Broad bandwidth

source (superluminescent diode) Tunable Laser
Fiber-optic Fiber-optic
beam splitter| beam splitter,
spectrometer
@ fixed mirror ‘ fixed mirror
spectrum _ OCT Image spectrum OCT Image
Fourier ! Fourier B -
Transfor Transform & :

wavelength wavelength
Figure la. Schematic of spectral domain OCT Figure 1b. Schematic of swept source OCT

A variation of such an OCT system (Figure 1b) sbatommonly realized by replacing
the broadband source by a tunable laser source, t@dspectrometer with a
photodetector. By rapidly sweeping the source wength over a broad wavelength
range, and detecting the signals with the photatimtethe same spectral interference
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can be obtained, thus making them theoreticallyntidal systems. OCT can image
tissue cross-sections with < 10 um resolution gttdeexceeding 2 cm in transparent
tissues (e.g. human eye and animal embryos) anan®3in highly scattering (non-
transparent) tissues such as the skin and matkkialglastics and ceramics.

Current commercial and research OCT systems aee/ffibe space optics based
and bulky. Miniaturization of OCT through integrdt@hotonics will provide more
stable interferometric detection and will bring rsfgcant cost reduction, which will
increase the deployment of this technology. Howetlresre has been little research on
implementation of OCT on a chip. In these studie®][ only the splitter and the
reference arms have been implemented using ineshraptics, external source and
detectors were coupled with optical fibers.

Nanophotonic silicon on insulator (SOI) is a veteaplatform for a variety of
integrated photonic components [3]. An SOI wafensist of a thin top Si (refractive
indexn = 3.45) layer sitting on silica (SKYn= 1.45) layer, which is carried on a thick Si
substrate. Photonic components are realized bynetthe top Si layer, resulting in high
refractive index contrast in all directions. Uswwgfer scale CMOS processes, low loss
(2dB/cm) waveguides with core sizes of irh® and bend radii of im can be realized.
Using such wafer scale processes for silicon, lost;chigh density, integrated photonic
components that can be mass-fabricated and inéegveith CMOS electronics on the
same substrate. Although silicon is not an efficlegiht emitter and detector in the near
infrared wavelengths, active elements can be hgeeepusly integrated on top of the
silicon wafer. Using the SOI platform together wikieterogeneous integration of
sources and detectors a complete optical cohetenumyraphy system can be realized.

In this paper, we focus on the design issues of &Gtem on SOI platform.

Design considerations of miniaturized OCT Systems on SOI

An OCT system consists of components such as lightirce, detector(s),
splitter/combiner, waveguides, delay line, and &icg element(s). In this discussion we
will omit the time domain OCT which is inherentlysk sensitive than spectral domain
OCT systems and requires a scanning delay linepassed to fixed delay line in
spectral domain OCT.

Bandwidth of the OCT system is a fundamental adep@rameter and determines
the axial resolution of the images (Figure 2a).réfae, for axial resolution around 10
pum, the bandwidth of each component of the systemald be in the order of 50 nm. A
superluminescent diode with such a bandwidth camdierogeneously integrated on
SOl [4]. Splitter/combiner structures can be destgas multimode mode interference
(MMI), directional, or y-branch couplers. Among #® y-branch couplers have
bandwidth exceeding far beyond 50 nm. Another camepb that might limit the
bandwidth of the system is the output coupler wisiehds the light out of the chip. For
vertical output coupling grating couplers [5] cam Wsed. These out of plane couplers
have bandwidth of 40 nm. The standard in planedmupling, which has more than 100
nm bandwidth is a better choice for broad bandwidkglvices. A conventional butt
coupling can be efficiently realized by using irteer tapers to increase the spot size at
the output.

Another design consideration for OCT is the spécésolution of system, which
limits the penetration depth (Figure 2b). Penairatiepth of 2 mm will be useful for

164



Proceedings Symposium IEEE/LEOS Benelux Chapter, 2008, Twente

many applications. From Figure 2b, we see thatréiselution of the spectrometer in
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Figure 2a. The relation between bandwidth of th&igure 2b. The effect of spectral resolution of
OCT system and axial resolution the OCT system on penetration depth

spectral domain OCT should be approximately 0.ZAon.an OCT system with FWHM
bandwidth of 50 nm, a spectrometer with 100 nm eanguld be appropriate, thus
requiring 500 spectrometer channels. State of thenero-spectrometer on SOI with
0.2 nm resolution has been realized with an arrayadeguide grating (AWG) of 50
channels [6]. In principle, by increasing the sité¢he structure the number of channels
can be increased, however imperfections in theidaton process and substrate
thickness causes phase errors. Combination of alewawvelength selective structures,
such as microring resonators with AWGs or planancewe gratings may help to
increase the number of channels to several hundfegsanar light-wave circuit of
arrayed waveguide grating on silica with 400 ché&aad 0.2 nm resolution has been
demonstrated by NTT (personal communication), h@wefurther research and
development is necessary to obtain these parameteng SOI. A conceptual design of
spectral OCT system on SOl is given in Figure 3a.

A swept source OCT system eliminates the complegitya spectrometer,
detection side in swept source OCT consists oihglesiphotodetector. However, the
complexity comes in the tunable laser source, wisbbuld have a tuning range
comparable to a superluminescent diode. For rea imaging, a KHz scan rate is
sufficient and can be realized by several wavelersglective mechanisms such as
thermo-optic effect, liquid crystals, and electreahanical means. In swept source
OCT, the linewidth of the tunable laser determitmesspectral resolution of the system.
The tunable laser can contain several longitudmnaties, which is a flexibility in the
design, as long as the linewidth satisfies the tsplecesolution requirements. A
schematic of swept source OCT system on SOI is showigure 3b. i
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Figure 3a. Schematic of spectral domain OCT oRigure 3b. Schematic of swept source OCT on
SOl SOl
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In interferometric systems, polarization shouldoal®e considered for efficient
interference. On planar photonic circuits, singlede waveguides are routinely used
and the requirement of a polarization controller eléminated, while fiber optic
interferometric systems have to be calibrated wdlarization controllers.

Future Work

Most of the fundamental components for an opticdderzence tomography system are
available on SOI platform for mass fabrication.oider to compete with the current
state of the art OCT systems further research egsary in miniaturized high
resolution dense spectrometers, and rapidly tursleces.
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