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Abstract— The transition from benchtop to clinical system
often requires the medical technology to be robust, portable
and accurate. This poses a challenge to current swept source
optical coherence tomography imaging systems, as the bulk
of the systems footprint is due to laser components. With the
recent advancement of micromachining technology, we demon-
strate the characterization of a microelectromechanical system
(MEMS) swept source laser for optical coherence tomography
imaging (OCT). This laser utilizes a 2 degree of freedom MEMS
scanning mirror and a diffraction grating, which are arranged
in a Littrow configuration. This resulted in a swept source laser
that was capable of scanning at 23.165 kHz (bidirectional) or
11.582 kHz (unidirectional). The free spectral range of the laser
was ≈100 nm with a central wavelength of ≈1330 nm. The 6dB
roll off depth was measured to be at 2.5 mm. Furthermore, the
structural morphology of a human finger and tadpole (Xenopus
laevis) were evaluated. The overall volumetric footprint of the
laser source was measured to be 70 times less than non-MEMS
swept sources. Continued work on the miniaturization of OCT
system is on going. It is hypothesized that the overall laser size
can be reduced for suitable OCT imaging for a point of care
application.

I. INTRODUCTION
Swept-source optical coherence tomography (SS-OCT) is

a novel, inexpensive and minimally invasive imaging modal-
ity that produces a micron-scale spatial resolution (1 - 10
µm) with imaging depths of 1-3 mm [1]. The SS-OCT image
formation is based on the measurement of backscattered light
as a function of depth. With sequential A-scans acquired, the
formation of a 2D cross-sectional image can be resolved,
where the contrast of the image is based on the optical
backscattering of the tissue [2].

Previous medical applications of SS-OCT range from
evaluating the progression of tumors in anatomical sites such
as the breast [3], esophagus [4], and prostate to measurement
of micro-vasculature blood flow or monitoring treatments
[5]. Generally, SS-OCT systems are comprised of a semi-
conductor gain medium within a fiber ring cavity, where
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there is a tunable wavelength filter. These tunable wavelength
filters can be implemented in variety of techniques such as,
a polygon mirror [6], Fabry-perot filter [7], or galvanometer
mirror and a diffraction grating to optically filter specific
wavelengths [16]. As a result, the narrow range of wave-
lengths enter the gain medium for amplification.

Unfortunately, the majority of SS-OCT systems require a
trained operator, are large, and heavy to be considered as a
point of care technology. This may add to the difficultly of
achieving wide-spread clinical adoption of SS-OCT systems.
Goldberg et al. [8] have recently demonstrated a miniature
high-speed swept source laser by utilizing a resonant mirror.
The result was a swept source that has similar dimension to
a deck of cards for point of care application. However, this
miniature laser had an optical output power of 12 mW and a
bandwidth of 75 nm centered at 1340 nm, which would affect
the signal to noise and imaging resolution, respectively. By
developing a robust, lightweight, portable, accurate and inex-
pensive swept source lasers for OCT imaging, the translation
to clinical application is more likely to be adopted.

Over the past two decades, the development of micro-
electromechanical systems (MEMS) have rapidly advanced.
Applications include bar code scanners, displays and imag-
ing devices. Furthermore, MEMS technologies have been
demonstrated to provide optical beam steering within an
endoscopic probe for OCT imaging [9]. This significant
miniaturization of optical components could be adapted to
downsize the conventional polygon mirror or galvanometer
mirror component of the tuning wavelength filter [10]. As
a result, the reduced power consumption and smaller form
factor could allow for a small handheld unit.

In this paper we present a high-speed MEMS swept source
laser for point of care OCT imaging. The MEMS based laser
has an free spectral range of ≈100nm centered at ≈1330nm.
The bidirectional scan rate of the laser is 23.165 kHz at a
peak optical power of ≈36mW.

II. EXPERIMENTAL SETUP
A. MEMS Swept Source Laser

Figure 1 depicts a two-degree of freedom MEMS mirror
in ring cavity configuration. The two degrees of freedom
refers to the dual hinges (outer θ1 and inner θ2 ). The
outer hinge acts as an anchor and is connected to thick
torsion bars, where an actuator plate is connected to the
mirror by a thin torsion bar. As the actuator plate oscillates,
the motion is translated to the mirror and angle of the
mirror is magnified by the anchors. This allows for faster
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Fig. 1: Simplified Schematic of MEMS swept source laser.
The MEMS mirror has 2 degrees of freedom, where outer
angular rotation is θ1 and inner angular rotation is θ2.

scanning speed, while maintaining a large reflection angle.
As infrared light emitted from the collimator is reflected by
the MEMS mirror and is incident upon a 1312 grooves/mm
grating. Depending on the angle at which the light interacts
with the grating, a narrow wavelength retraces its path back
to the collimator. As the mirror resonates along its axis,
various narrow bands of light are selected with respect to
time. This light becomes amplified by the semiconductor
optical amplifier and is propagated to the ring-cavity OCT
system. Between the MEMS mirror and grating are a pair of
prisms, which act as an expander in the plane parallel to the
deflection. This enlarges the beam resulting in a narrower
line-width of the swept source. Furthermore, by adjusting
the orientation of the prism, insertion loss and chromatic
dispersion are reduced [11].

B. Optical Coherence Tomography

A portion of amplified light from the MEMS based
ring cavity is used to generate a clock signal for k-space
remapping, while the majority of the light is coupled into
a fiber beam splitter (Figure 2). Ten percent of the of this
light was directed to the reference arm and 90 percent was
directed to the sample arm. The interference signal was
received by a dual balanced detector (PDB140C, Throlabs)
and digitized by an acquisition card (PCI-6731, National
Instrument) at 50 Msamples per second. During imaging,
two function generators were required. One of the function
generators triggered the MEMS driver with a square wave
of 23.166 kHz, while the other function generator delayed
the MEMS driver signal to trigger the DAQ card, in order to
capture a line of data (A-mode). Cubic spline interpolation
of the clock and fringe signals were used to re-sample prior
to the visualization of the OCT image, which was processed
in MATLAB (R2009a,Mathworks).
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Fig. 2: Simplified Schematic of MEMS-OCT system

C. In vivo imaging

Initial OCT images consisted of imaging a human finger
(in vivo) placed under a x-y scanning head consisting of a
lens (AC254-30-C,Thorlabs) and galvanometers (GVS002,
Thorlabs). A tadpole (xenopus lavis) was anesthetized in
0.001% lidocaine solution prior to imaging. The specimen
was immersed in water on a shallow grooved foam and
oriented such that the incident light interrogated the ventral
side.

III. RESULTS

A. MEM Swept Source Characteristics

The free spectral range of the laser was measured to be
100 nm with a peak optical power of 35 mW centred at
1330 nm (Figure 3). The dimensions of the MEMS swept
source laser were 17 x 11 x 3 cm, which when compared
to other non-MEMS swept source sources resulted in a 70
times reduction in volumetric footprint.

Fig. 3: Spectrum of MEMS Swept Source. The spectral
bandwidth of the laser was measured to be 100 nm (free
spectral range) with a bi-directional sweeping rate of 23.166
kHz.
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Fig. 4: Measured point spread function (PSF) with respect
to depth. This is achieved by translating a gold plated mirror
in the sample arm at several depths intervals (0 to 3 mm).

The measurement of the point spread functions (PSF) with
respect to depth were characterized by placing a gold plated
mirror mounted on a translation stage in the sample arm. The
PSF was measured with an 80 MHz detector at several depths
intervals (0 to 3 mm). This measurement allows for the
calculation of the 6dB roll off of the system along with the
identification of potential system dispersion compensation
requirements. Figure 4 depicts the PSF measurement and it
was observed that the 6dB roll off was 2 mm with a measured
axial resolution of 9 µm.
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Fig. 5: OCT image of the ventral side of a human finger that
is obtained with the MEM swept source laser. The stratum
corneum (SC), epidermis (E), dermis (D) and sweat Ducts
(SD) can be resolved.
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Fig. 6: OCT image of the ventral side of a Xenopus Laevis
embryo that is obtained with the MEM swept source laser.
The right atria (RA), left atria (LA) and (PV) pulmonary gill
vessels can be resolved.

B. In vivo imaging

In this study, two in vivo tissue types were imaged using
the MEMS based swept source laser. Figure 5 illustrates a
cross sectional OCT image of a human finger tip. It was
observed that the MEMS-OCT system had the ability to
resolve the stratum corneum, the stratum lucidum and the
superficial morphology of the dermis. The spiral structures
that were observed in the stratum corneum denotes the
presence of sweat ducts.

A axial view of a tadpole was imaged with the MEMS
based swept source laser (Figure 6). The tadpole was chosen
for this experiment due it its optically transparent surface,
during the early stages of development. As a result, the right
and left atria are clearly visualized, as well as the pulmonary
gill vessels. Surrounding structures of the heart chamber and
deeper tissue penetration with respect to the human finger
was observed. Both the finger and tadpole OCT images were
reconstructed with the forward directional sweep of the laser
in order to reduce the signal processing time.

IV. DISCUSSION

The miniaturization of an OCT system can potentially pro-
vide physicians and care givers with bedside images near the
histological resolution. It was demonstrated that the MEMS
swept source has the capability to resolve the morphology
of a finger and tadpole, which was similar to previous
polygon based swept source when comparing imaging speed,
resolution and signal-to-noise ratios [12], [13]. However it
was observed in several in vivo images, that there was a
slight increase in back-reflection at the surface of the tissue
compared to other swept source lasers. This abnormality
may be due to the inability to optimally compensate for the
polarization in the interferometers. Nevertheless, the overall
performance of the MEMS swept source laser was promising
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in the bench top research environment. For future imaging, it
would be beneficial to have sweeping rates >23kHz during
a surgical procedure in order to ascertain volumetric data
and suppress motion artifacts. In the development of MEMS
resonant mirror, there are design limitations that result in a
tradeoff between the repetition speed and resolution of the
image. Attempts to increase the sweeping rate would result
in a decrease in bandwidth, which in turn decreases the axial
resolution of the system.

Another clinical tool, which could be beneficial to the
physician is the functional extension of OCT to include
blood flow detection or Doppler-OCT (DOCT). DOCT al-
lows for analysis of imaging of non-stationary particles,
where this technique has been applied to various experiments
such as photodynamic therapy for cancer treatment [4],
fluid dynamics of interstitial blood flow [14], microvascular
visualization[15], and retinal blow flow [16]. The ability
to measure the movement of particles is dependent on the
phase characteristics of the swept source laser. Unfortunately,
due to the sub-optimal triggering by the external function
generators, the phase characteristics of the swept source laser
could not be accurately obtained. Linearly sweep in k-space
trigger will simplify the image reconstruction algorithm, as
the resampling of k-space will no longer be required, and
will facilitate Doppler measurement [7], [17].

While the MEMS swept source laser had a dramatic size
reduction, the current size of the entire OCT system is
still not ideal for point of care. A true MEM-OCT system
for point of care application requires not only the swept
source to be small and portable, but also the interferometer,
photodetectors, scanning mechanism, the display, and DAQ
[8]. However, the size of the swept source is not the
only limiting factor. Previous studies have demonstrated the
design of optical fiber based probes for interstitial imaging at
various anatomical locations. This approach is advantageous
due to the size of optical fiber, where it is possible to
incorporate them into surgical tools such as, endoscope,
aspiration needles, and guide-wires. As a result, these probes
can be designed to overcome the 3 mm penetration depth of
OCT. Further reduction in size can be achieve by removing
the bulk optics in the interferometer along with the utilization
of embedded digital signal processors rather than external
data acquisition cards.

V. CONCLUSION

In this paper, we have provided the laser characteristics
of a MEMS swept source laser suitable for point-of-care
imaging. The size of the overall laser is 70 times smaller than
non-MEMS polygon swept source system and can achieve
a peak output power of 35mW with a tuning bandwidth of
100 nm at a bidirectional tuning rate of 23.166 kHz.
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