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OCT solutions from santec

Santec is a global photonics engineering company and a leading manufacturer of Tunable Lasers,
Optical Test and Measurement Products, and Advanced Optical Components. Santec is a dynamic
venture spirited company established in 1979, celebrating more than 30 years in optical innovations.
Santec introduced the world’s first tunable laser based on external cavity structure and semiconductor

laser in 1986.

Santec’s advanced tunable laser, the HSL-2000, was developed specifically for OCT applications
utilizing patented innovative design and expertise on tunable lasers accumulated over the past 25
years. Featuring high power, wide tuning, fast scan rates and more, the HSL-2000 offers a high
specification laser to achieve high resolution 3-D imaging and high resolution real time 2-D imaging.
Santec also offers balanced detectors, imaging probes, and a complete OCT system, IVS-2000, which

utilizes the HSL-2000.
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Ophthalmology

Anterior segment of human

Support

e Technology support for feasibility study in medical, industrial applications
e OEM manufacturing
¢ Technology transfer

Products

© OCT system
e Swept Source Engine
© OCT components
DAQ board
OCT software
Balanced detector
Interferometer
Optical probe/catheter



OCT products line up
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OCT Probes/Catheter

Microscope type, Handheld type, Optically
modulated MEMS type, Cardiovascular fiber probe
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Balanced detector Delay line module

Swept Source Engines HSL series

INNER VISION
SS-OCT system High power, Low noise, faster scan, wide swept range, long coherence length,
1VS-2000 high repeatability
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DAQ board for SS-OCT

OCT imaging software



Background of Swept Source-OCT

SS-OCT principle

Each scan of wavelengths
produces an interference
pattern signal by the
reflections at different
depths.

Depth dependent reflection
profiles are calculated by
Fourier transform of the
interferogram. Repeating
this A-scan at different
locations produces a two
dimensional cross section.

Interference fringes
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INNER VISION
SS-OCT system

IVS-2000

parameter Specification Notes

CHSbseres |
Delay line integrated
Handheld type

Special FPGA type Real time displaying up to
150MHz, 14bit 20-30fps

Quadcoe2dGHzdos

OCT software LabVIEWS.6 required VI file
Viewer software can be disclosed by option

~ PS-OCT available

>

Swept-source
Wavelength sweep

(A-scan) Galvano scan(B-scan)
Detector->DAQ| Every 500 A-scan

Data Sampling
2048 point / A-scan

Data transfer to PC
/ frame(500A-scans)

DAQ->PC

Raw data ->FFT x 500 Calibration table
Convert to gray scale data For wavelength

rescaling
Display OCT image

System diagram OCT process diagram

Galvano control
PC & AD/DA board >




Feature of IVS software

e Proprietary rescaling algorithm integrated FPGA DAQ board

o Real time imaging up to 30fps

¢ 1D, 2D, 3D imaging mode

o Storage mode for time elapsed measurement

e Scan angle setting arbitrary angle scan

* OCT graph capture, Raw data import/export

o Custom settings Viewing area

¢ Analysis function Point-to-point distance measurement 1D OCT signal line marker
o LabVIEW Sub-VI files, source codes are available as option

e Free 3D viewer attached

OCT imaging software 3D viewer software
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Skin at underside of 1st knuckle joint of ring finger

(Courtesy of MDL, Photo from press release
July 28th 2009, www.mdl-Itd.co.uk)

Linearity

HIGHLY K-LINEAR

Image with rescaling
process on non-linear
sweep

Imm

Imm

Image without rescaling
process using high-linearity
swept source

Tmicron 30kHz

In vivo human macula
In courtesy of Tsukuba Univ.(Op.Ex6121(2007)




Transient Characteristics

Output Power [mW]

Time [us]

Wavelength Range

Power [dBm]

1300 1350

Wavelength [nm]

Wavelength [nm]

HIGH-SPEED&WIDE

3D OCT image of human finger
250x250x1024 pixel measured within 1.2sec

Signal Power [dB]

10 15

Depth range [mm]
(~30mm coherence length at 1060nm)

HIGH COHERENCE

cornea
iris

lens

retina

Intraocular structure
(human eye)




Selection Guide for Swept Sources

HSL-2100 WR

Wide range
HSL-2100 HW

High-speed & Wide

uHSL MEMS

HSL-2100 type ( HSL-20)

Standard
HSL-2100 LC
High-coherence

HSL-2100

Parameter Unit igh—
I Standard High—speed Wide range High-linearity Wﬂ; ig:ge:

1315-1340 1315-1340 1290-1320 1315-1340 1300-1330 1315-1340

Zi0 2140 2%

Large coherence
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Integrated start trigger

FC connector,APC polish
15 - 35
<80, no condensation
AC100V - 240V=+10% , 50/60Hz
70 @ AC 100 - 120V, 80 @ AC 230 —240V
343 x 376 % 153

(%]
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HSL-1100

Parameter Unit . . High—speed
Standard High-speed Wide range Large coherence Wide range

1045-1075 1045-1075 1045-1075 1045-1075
270 250
z2 =z ze | zn

=8

1045-1075

v/ v
5|3
o

26

Integrated start trigger
SMF (HI 1060 Fiber)
FC connector, APC polish
15-35
<80, no condensation
AC100V - 240V+10% , 50/60Hz
70 @ AC 100 - 120V, 80 @ AC 230 -240V

343 x 376 X 153
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OEM solutions

Features

o High reliability

o Compact design

o Low RIN (Relative Intensity Noise)

Applications
© OEM source for OCT systems
© OEM source for in-line inspection systems

Features

e Custom configuration(Michelson, Mach-Zehnder, Fizeau,etc)

o Optical delay line, variable attenuator, polarization controller
optional integration

o PMF type also available

Features

o Wide dynamic range(DC to 80MHz)

e High reliability and high gain, high linearity
e Flat balanced level

e Specially designed for artifact-reduction

Applications

o Swept Source -OCT

o Heterodyne measurement

o OFDR (Optical Frequency Domain Reflectometry)




Compact High Speed Swept Source
UHSL HSL-20

7
R Mirror

Santec proprietary MEMS design

Features

e High speed up to 100 kHz

e Compact design

o Low RIN (Relative Intensity Noise)
e Low cost

Applications

© OEM source for OCT systems
e OEM source for Point-of-Care applications

Target spec. Target spec.

50 & 100kHz 50 & 100kHz
(bi-directional) bi-directional)

-120dB/Hz -120dB/Hz

Intensity (dBm)

1250 1300 1350
Wavelength [nm]

Intensity (mW)

20
Time [ps]

OCT image measured with yHSL



OCT probes

25.0
20.0
——d(FWHM)[um]

15.0
=———DOF [mm]

Low NA

. . Lateral resolution
Typical variations

Confocal parameter

Human labial glands

Oral/Dental application

TUTORIAL

2
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Fiber probes / Catheters

Santec has established expertise in optical component production technology throughout the past 15 years,
including optical micro assembly and state-of-the-art MEMS (Micro Electro Mechanical System) for telecom
applications. Adapting these technologies, we developed unique OCT fiber catheters for endoscopic applications.

Custom designs can be proposed for OEM solutions.

Standard type catheter tip

The probe has a diameter of 0.5mm and angled polished facets on all interfaces so that the back reflection is as
small as 60dB or less. Epoxy used for fixing the parts is medical grade that is used for conventional catheter. Small
GRIN lens provides about 10 to 20um lateral resolution at 5mm from the optical axis. The collimator structure is

rigid enough to be rapidly rotated inside the plastic sheath.

TRANSPARENT WINDOW

CUT AWAY VIEW

MICRO PRISM

CATHETER SHEATH
ROTATING SHAFT

Optically modulated MEMS fiber probe

This device is actuated by the light into the fiber probe tip using
wavelength division/multiplexing technique. This unique feature
provides a hazard-free, EMI tolerant probe, under the multi-modality
diagnostic applications in Gl endoscopes.

» Power supply-free
» EMI tolerant design e
+ Compact olimgistene

Optical Fiber

Photo detector

LD for MEMS rmodulation
e Inwivo
Modulation sigral

WO Filter
OCT source

T3nm B

Cardiovascular applications (Image
taken from Lighltabs Website)
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Features

e High accuracy

¢ O,C or L-band operation
e Economical design

Applications OFDR System configuration

o Fiber length management

o Waveguide device analysis

o Splice fault detection

o Fault detection in fiberoptic system
o For OCT system assembly

© OCT probe/catheter assembly

Specifications
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Resolution <30um ' m fo -:- {

Repeatability <20um ; e il g

Measurement S5meter max | i
— g s . e 1 b e 0

Dynamic range 70dB




OCT Solutions from Santec

Application examples

EX 1. Ophthalmology

After clearing approval in Japan, Tomey co. (Nagoya,
Japan) released the world first SS-OCT based anterior
segment diagnostic system in September 2008. SS-1000
from TOMEY is equipped with Santec’s swept source
engine, HSL-200-30 with interferometer options. The
system scans 3D segment within 2 seconds. It benefits
the diagnosis of cataract, glaucoma, and other cornea

related diseases.

OEM engine, HSL-200

EX 2. Endoscopy/General clinical use

EX 3. Dental/Oral care

Santec has been i

FOURIER DOMAIN OCT CASIA S5-1000
(O
QURLITY IH DETAIL

Michelson Diagnostics Ltd. (UK) utilized a wide band type
swept source with 160nm scan range for high-resolution
OCT imaging. Various clinical studies are ongoing, such
as in diagnostics of skin cancer, liver cancer. Their system
is available in Europe and North America.

Skin at underside of 1st knuckle joint of ring finger
(Photo from press release July 28th 2009, www.mdl-Itd.co.uk)

n collaboration with National Centre for Geriatrics and

Gerontrogy (Ohbu, Aichi, Japan) from 2006 in the field of Dental and

EEEMS

S PR Oral surgery. Their research works have been widely recognized in Japan.
The journal of the Japan Dental Associations features OCT in dental/oral
surgery application in 2008 March issue.
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Important Parameters in SS-OCT

Swept range < Axial resolution
Wavelength

L J Swept range

"Coherence length < Depth range

) |

Frequency | Swept rate < Imaging speed

fy: Swept rate N,: A-lines/frame

Output power

The higher the output power on the sample, the higher the SNR improves in principle. However, maximum
permissible exposure on the human tissue is regulated by ANSI(American National Standards Institute) standard.
An average power of 0.7mW in the 800nm wavelength range, and about TmW in the 1060nm wavelength range,
at the probe arm, are the maximum allowable exposures for ophthalmic applications. Other tissues can be
exposed to >10mW average power in endoscopic applications. At even longer wavelengths, such as 1300nm,
higher powers can be used, as the maximum power becomes less critical in terms of ionization of tissue by high
power exposure.

Sweep linearity

The OCT signal is processed by time-sampling the backscattered light as the swept source sweeps the
wavelength followed by Fourier transform (FFT). Ideally, the sweep should be linear in k space (k=2m/A). But actual
sweep curves of most of the proposed swept sources are non-linear in time, because of the intrinsic tuning
mechanism. For examples, the use of Galvano mirror or fiber Fabry-Perot filter imposes sinusoidal sweep due to
its driving characteristics. If simply applying FFT on the time-sampled interferogram when this non-linearity is
present, the resolution of the signal is blurred and the signal power also decays. So, in general, most SS-OCT
systems implement either nonlinear sampling with the use of an optical clock having another set of
interferometer and detector, or the post processing approach; the so called “wavelength rescaling process”.

Swept rate (scanning speed)

Wavelength swept rate, or scanning speed of the swept source is directly reflected on the imaging speed like the
readout speed or refresh rate of the CCD in SD-OCT. Swept rate corresponds to A-line rate in OCT. Increasing
A-line rate makes it possible to accommodate more A-lines per frame or increase the frame rate. In practical
applications the ability to produce video rate images is of critical importance. This not only removes imaging
artifacts that are created by undesired movement, but also enables a large area/volume measurement without
compromising resolution, in a short amount of time. Depending on the applications, swept rate of 10 kHz to 100
kHz range are required.
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Frequency [MHZ]

Signal Power [dB]

Depth range [mm]
(~30mm coherence length at 1060nm)
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Ophthalmology

(In courtesy of Y.Yasuno, Tsukuba Univ)
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Contact information

SANTEC CORPORATION

// santec

www.santec.com

SANTEC CORPORATION
5823 Ohkusa-Nenjyozaka, Komaki, Aichi 485-0802, Japan Tel.+81-568-79-1959 Fax +81-568-79-1718 E-Mail:sales@santec-net.co,jp

SANTEC U.S.A. CORPORATION
433 Hackensack Ave., Hackensack,NJ 07601, U.S.A. Toll Free +1-800-726-8321 (santec-1) Tel.+1-201-488-5505 Fax +1-201-488-7702 E-Mail:sales@santec.com

SANTEC EUROPE LIMITED
Magdalen Centre, Robert Robinson Ave., The Oxford Science Park, Oxford OX4 4GA, U.K. Tel. +44-1865-784960 Fax +44-1865-784961 E-Mail: sales@santec.co.uk

SANTEC (SHANGHAI) Co., Ltd
No0.800 Zhangyang Road Changhang Tower, Pudong District, Shanghai 200122 China Tel. +86-21-58361261,+86-21-58361262 Fax +86-21-58361263
E-Mail: sales@santec.com.cn
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