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continuous tuning in high-speed wavelength-swept light source] ,Optical Society of
America, Optics Express, Vol.16, No.25, 200 8% 1 2 H 8 H, pp.21105-21118
ENISHLTHIFEERIL, 28256 (UT TZ22) &5, ) ELTUTD
REBEHEEERE L=,
Experimental Report
I.  Date of the experiment:  June 4th, 2008

2. Place of the experiment:  CARL ZEISS MEDITEC AG, Germany, 07745 Jena, Goschwitzer
Str. 51/52, Laboratory for Biometry

3. Person who conduct the experiment: Ralf Ebersbach, engineer for software and electronics
design

4. Objectives of the experiment
To confirm that the device later described in the embodiment of Japanese Patent No.
6523349 provide a laser line width 8k within the range 22 m' 10 50 m*.

5. Details of the experiment

The swept laser module (model number s3-1060, serial number SSASAT) manufactured
by Micron Optics, Inc., 1852 Century Place, N.E., Atlanta, GA 30345 USA, according to the
specifications ordered by Carl Zeiss Meditec AG was tested. The purpose of the test was to measure
laser spectral line width. The test method was measurement of laser fringe amplitude fall of at
output of an interferometer with adjustable optical path difference.

6. Results of the experiment

Laser fringes amplitudes at output of an interferometer were measured at multiple positions in the
range Omm to 100mm optical path difference. Within the fringe amplitude fall-off curve obtained
from these measurements the point with 50% amplitude compared to the maximum is searched.
With this result and with the center wavelength of the laser of 1060nm, the laser spectral line width
&) can be calculated to be 8.26pm (refer to Annex | below). One can also calculate the laser line
width 8k in terms of wave number to be 46 m™ (8k=2n/32-83=2r/(1060nm)*-0.0826nm) if the
spectral line width 8 is 8.26 pm (0.0826 nm).

Thus, it was confirmed that the tested device is within the range of the laser line width 5k of 22 m”
to 50 m™ as later described in the embodiment of Japanese Patent No. 6523349,

Dated this 13th day of May , 2020
“A ﬂasf €§q4/") WA
(Signature) Name: Ralf Ebershach
Title: R&D Systems Engineering, Zeiss Ophthalmic Devices

Zeiss Expert Ladder - Senior
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Annex 1: How to calculate spectral line width from fringe amplitude fall off data,

The coherence length of a laser limits the depth range for OCT measuremenis because OCT technology uses
interference between coherent light beams to achieve high sensitivity. [t is therefore reasonable to define the
coherence length &5 the optical path length differences in the interferometer for which fringe amplitude changes
down o 50% (or by -3d4B) relative to maximum amplitude. It is important 1o note, that the distance between bath
-3dB-Points of the sensitivity fall-off curve is the eoherence length (5>0 and 50 or in other words both EWHM
poinis).

Since backscattered light travels twice through the samples it is common o use depth z = s/2 instead of optical path
differences. Then the so-called rownd-trip coherence length be is related to the laser spectral line widih A, by this
equation (Fercher et al. Rep. Prog. Phys. 66 (2003), page 258, equetion 4.9)

_ nzd !
e= S &

and therefore, the spectral line width can be cabeulated with
-2
Al = HHIJ._
L

with 4 the central wawelength of the laser and A3, the spectral line width as named by Fercher (that correzponds 1o
&, in the language of Japanese Patent No. 6523349),

Fringe Amplitude Fall-off SSASAT

SO0000

250000

200000

sl

150000

Amplitude lin,

DOy

afoan

zimm) in air

In detail, changing the depth position z of a mirror in the interferometer sample arm from DC to 30mm/air causes a
change in fringe amplitudes from 0 1o -3dB (24000 10 12000DN). The distance of both -3dB reflector positions
would be the round-rip coherence lengih lc=60mm. That corresponds to a laser spectral line width of 3.26pm with
laser central wavelength of 1060am.

ZLT. HEBDORRZBFEA>A T, BUEEABHNE (REDFE)
DEGHER 4 & LTUTOHIZER L=,
7 kA4 6m ' THAHARRIZONT

(7) Z2® T5. Details of the experiment] (5. EEHNZE) RV 6.
Results of the experiment] (6. RERIER) IZIE, HFFEFREORX SRS
L. UTOEBYICRE INATILS,

5. REBEAR

A= YFAR ATATVY FOFIOTELIYT MARIT L
SIELTRAUAFTT4 VR4 (FAVHERE 3034503 —9
MW 7rZ08€0Fa)— TLAR /—R. A—Rbk. 1852) [T&o
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(ALY,

LTHDE. Z2DEBHREETIE., [L—F—KEIE SkHh46m " ELEE
TEEXE] 220V T., i<44sec (Dxko) I . TAKk>18000
m '] THAIIEIFREINTELT., RICTL—HF—RIE skN46m " &5
HETERR NEEABLUBICHEENERICFICASILDELTE (FIZTA
LHWIEFEETTHRR-EBYTHD) . TNERAFIC <44sec/
(Dxko) 1« TAKk>18000m™ '] #HETRERAEL—F—HELE
EIZFIZCADEDEIINZ ALY,

(4) IME
K2T. RIZ Sk HBAAXRYHKATHET SEEZH-TELTH., <44s
ec/ (Dxko) 1. TAk>18000m '] ODEATAHUREBAD NEEATZE
L—H—3HiRI NMEBEEBLUBICHEENEFBICFICADIDTHWN EMD,
FnE 15T D] TFESIEBRAFEIE—LUVRARAA U RSGTRATEREE] %
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T, BEELNRGRAZERZI A LENATEHIEEICHENDTFICEEL
EFLDTHDEFVRREL,

T RPAOFMGEAEERBREREE L OBER
LER7~OTiRfzEBY . Z2DRBHEEE. AEEHAD NRRALEL
—H =R NMEEBIARKICHEZENBEICFICADIDILEZRMFTEHELD
TRBEWVWIENDL, Z2DRBHEEEH >TL T, AHBAHEDORADEH
RERBADEHETRZEMI CEIETERLY,

(2) HEFEED IR

7 OREEMERX. £ (1) TRUASADHEIBIIHLT, BERET,. UTDZE
3BI~Z% 7T BiEERITLT.
MESIABREMICENTHRALG L —BIES L UKL GARFEZ®HIZTS
SL—HY—HXBFREHL-XEINEHEET 5, TNOoXHMMNZEIBILE~2Z
ET7EHELTHRMASATNS, | EBRTLVS,

Fl-. UTDZE8EIFARITL T,

[E5IC, ATAALTNARFT US54 2=2—X (Med Device O
nline, News) hoDHRYMEZESEIE LTI ZIZRTT %,
hiF, AEEERIUVUY TSANVY—ELTORBEETSEADSMEOHMESIR
T BIEHMUL 2 —RALAEA—ThHd, CZTlE,. /4982 - FTT49 R
#HN THETE I USBRY TS5/ v—] ELTEHEINATWS, ChoDY T
FANY—DYRA NI, 1 1O A—H—LBRFEIZLE->THY., BEICKHLT
1#HETITL—HF—HRREIIOVWTHWEHLEET S LIZTODVWTEIEIXZ W
BLLBW, BIZ,. /4982 A TT4 O A EH TS v—L LTERT
5 EE, EFMNGHEETH o=, | EBRTLVS,

THIZ, UTDZEIOBIE~Z25F 1 6 BEZH T LT,

(T4 o8y - FATT400R%E. SEPFICETH2EH8OHEMEEL T,
SSL—HY—HRBEORHFTLILHMONATILNS, REMHIRYDEEMEZE > TLY
EMESHDEETIEHLEL, YEV - A— (Kevin Hsu) w440
VA TTF 4RO EEELE LTSS L——RBEOLE TELHMICHRNE
HERLTWDHEWVWSEEMIG, COLOLBHBITIEMMFICLSEDTH S,
A8 - FTT4 9RO KEETHAYEY - X— (Kevin Hs
u) "SSL—H—RRICEHLTEELEXHKELIUVYEY - R—HNSSL—
H—HBEEFERLEEMCES L TWAXMEZEISTII~Z2FE 16 5L L
THRftT %, ShoDXiklE, v4 202 A TTF 4 9 AR FITFORES
N, BEZAFITEVWTEBHTHFERMNHY ., BEVARKHZEITIL—HT—%
R LTWAZEZMHLTLNS, | ERRTUNVS,

Z LT, ZEI3FII~Z2%165iE&LEaLT.

[>T, HEXFIE. FIATERGHRALGRIES K VKL GHRRNREET L%
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BLEBT1DDUVARTLEETHI5IARZRRILDD. FEDORFEDOHEE
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2. XEOEBENRKERBONLBEOEEZRH-T ENTEINE S ES
REIENTED, TLT,. SREEHIREGADOALRIZHFE LI-EHRDOFESIX
FRORBENFEEL. D OZTOHEBENBORTDAITEICE L TAEFHFEE
W 5-0DET>NTEH/LLET. RERAMELZEEZL-AFEIL, P L
L—DOOHEBBEBW AL, <4902 - FTT4 9 R)FRDITHT ENTE
B5THAS, LML, HOBEEEETH->TH. EEHESRRETIEILELTD
AROESDAEICEALTHIEL., M OERICELEZEEICHIELTVWSEETH
NI, AEEFFOFBEER-INBEREBITLIENTELHAHEEEZFTDHE
DEBHT B,

-T, BEEFETHNIE, EREINZENFICELTWWS EEH N
(D27A4NN—- )25 - L—Y—] hio, BIZIX, ZEIBIE~25%165iL
ZOHEBFORMERICE DT, HREZREL. TOHKTA—H—IZKEE
LTSSL—HY—HREOHEREAFTLIENTETDHENS ZLZEHETD
CEMNTE] 2TEETFERELTLS,

4 HEFEEIE. £ (1) oIt LT, ERET.

[44sec/ (Dxky) KRFED t T, hD, 6k<168m "HBLILEE
REE (ZE 283 28I kb4 6m '"THAL—H—GIEEET
DB EELBYBFICEREAETHY. Ak (xdk) DREKEHI DEK
B7fE., TREBRAK 1 ZRIRL—Y—RIESKk THRET S LICLH>TED
N-EF18kHz&YHKREI K T4A0MHZzEYHLNETLY] Z&, RU
[ EBL1D2DLY—NDOFEIEF 2xA Kk (xdk) FYEHEKEL, 8
OMHzX#FETHDI ZEITDODNWTEBRIEETHD LD EBHT B,

Flz. ARG MVABSGEEA Kk ERIEEL—Y—#RIE Sk DEEIE3 6 0&Y
PREWL] ZEIZDNTE. kN4 6m "THEIL—HF—RiEEEHT HHE
MEBEBEFICTAMUANLTERAETHY . BEENEBEBARFICERIC
AWE2130THEEMND, TARY MLRABEHEA k LRI L—Y —RIE
SkDHIF3B60&LYHLKREL] CEIZTDODVWTERARETHILDERRT
%5, ] EERLTLS,

D AftEnf-Z5it

ZEIHEE : KEWFHET7 41477 95HME

Z % 4 5EF : R. Huber, et al., Fourier Domain Mode Locked Lasers for OCT
imaging at up to 290 kHz sweep rates| , Optical Society of America,2 O O 5 £

Z % 583l : R. Huber, et al., TOCT imaging at up to 290 kHz sweep rates] , SPIE-
OSA. Vol.5861,2 0 O 54, pp.58611B-1~58611B-6

Z % 6 5iL : R. Huber 1, et al.,, [Fourier Domain Mode Locked Lasers for Swept
Source OCT Imaging at up to 290 kHz Scan Rates] , Proc. of SPIE, Vol.6079,2 O O 6
£, pp.60790U-1~60790U-6

25755 KEHHEEARE2007.700139 17 5HAE

Z % 8 B35 : [Optical Coherence Tomography Market To Top $800 Million By
20121 ,20084%4 1A 1 4 H,[online], MED DEVICE ONLINE, [2 02 04 1
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O A2 2H%%], URL:https://www.meddeviceonline.com/doc/optical-coherence-
tomography-market-to-top-80-0001
% 9 5L : R. Huber, et al., [Amplified, frequency swept lasers for frequency domain
reflectometry and OCT imaging: design and scaling principles ] , OPTICS
EXPRESS,Vol.13,No0.9,2 0 0 5% 5 A 2 B, pp.3513-3528
Z. % 1 O B4l : Sanjay Asrani, MD, et al., [Detailed Visualization of the Anterior
Segment Using Fourier-Domain Optical Coherence Tomography| , NIH Public Access,
American Medical Association,2 0 O 8 £ 6 A
Z% 1183 : L.Dong, et al., lEfficient Single-frequency Fibre Lasers with Novel
Photosensitive Er/Yb Optical Fibers| , Optoelectronics Research Centre University of
Southampton
Z % 1 2%E5E : S. Yamashita, et al, [ Single-frequency, single-polarization
operation of tunable miniature erbium: ytterbium fiber Fabry-Perot lasers by use of self-
injection locking] , OPTICS LETTERS, Vol.23, No.15, Optical Society of America, 1
9 9 84 8A1H,pp.1200-1202
Z% 1 38 (B18) : Yufei Bao, et al.,, [High-speed liquid crystal fiber Fabry-
Perot tunable filter] , O F C (Optical Fiber Communication) , Technical Digest, 1
9 9 6 4, pp.90-91
Z % 1 4 B3L : Jun Zhang, et al., [Full range polarization-sensitive Fourier domain
optical coherence tomography] , OPTICS LETTERS, Vol.12, No.24, Optical Society
of America,2 00 44 1 1 B 2 9 H, pp.6033-6039
Z% 1555 : Michael A. Choma, et al., [Swept source optical coherence
tomography using an all-fiber 1300-nm ring laser source] , Journal of Biomedical
Optics 10(4), 200 5% 7 A7 8 A, pp.044009-1~044009-6
Z % 1 6 B3 : Jun Zhang, et al., [Swept laser source at 1 pm for Fourier domain
optical coherence tomography | , APPLIED PHYSICS LETTERS 89, American
Institute of Physics, 2 O O 6 &, pp.073901-1~.073901-3

(UUF. TZ%3B/FEI ~ TZ% 1655k &, 231 ~TZ16]1 &V
Do)

(3) #lkw
7 3kM46m 'THANRIZDOWNT

(7) 23~7IZ22WL\T
a 2322 T
Z3M6#H12~174TIZIX The aspects and embodiments of the invention
disclosed herein relate to frequency swept, i.e. time varying wave sources. In particular,
a frequency swept laser source is a wave source that changes the frequency or
wavelength over time as a periodic function f(t), such as those depicted in FIGS. 1la-c.]

(HBER : KEBEICHARSNIARAFEHADERS L UVOEEREIL. BREURES.
Yahb, BEMICELET HRRICET 5. #HI2. BRERESI L—Y—XRRIL,
B 1a-c ISHEANTWND LSS, BB (D &K 5 [TREFHIICEIRE T 1= (LK
REZFEITHRETHD. ) . TD 10415~ 1847IZ1F IAdditional

dispersion management is not necessary because the zero dispersion point of the fiber is
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at 1313 nm. Such a system operates with a wavelength sweep range between 1250 nm
and 1360 nm.] (HER: T77 4/ N\—DEOHSEEHEIE 1313nm THAHD T, 10
MENHEBEEZT OIDLENGL, COLSGI AT LIE, 1250nm & 1360nm &
DEOREFSIGEETEET b, ) LB I, Z3DL—F—LEDEREG
1250 nm~1360 nm THY . RAFFHKHAD 6 00nm~1150 nmDEREAH]
FTEHERBREIZERLGDHIDTHS,

b Z24~6IZDW\T

24~6[F. RALEBIZE-TEM, RLEA L. ALREZEHRT
HAXHT. FERLXENEHEIATEY ., FARSNTOEIREMAELFE L X
MTHB,
Z 4 @ Introduction [Z1&,

[The development of high speed, frequency swept laser sources with narrow dynamic
linewidths (long instantaneous coherence lengths) is crucial for swept source OCT.[1-7]
OCT using swept source / Fourier domain detection [4,8-11] enables increased
sensitivity and imaging speeds compared to time domain techniques [12] In this paper,
we demonstrate the new technique called“Fourier Domain Mode Locking” (FDML) for
designing high speed, frequency swept lasers, which overcomes many of the limitations
of standard laser designs. FDML achieves a quasi-stationary operating regime of the
laser, enables superior performance in linewidth, sweep speed and output power. Record
frequency sweep speeds of up to 290 kHz, with a tuning range of 145 nm at 1300 nm
are demonstrated. Output powers up to 35 mW are obtained directly from the laser
without amplification. The instantaneous linewidth was estimated to be < 0.01 nm by
measuring the instantaneous coherence length. OCT imaging is demonstrated with the
FDML laser at a sweep rate of 58 kHz.] (4FEFHERER : U EIRIERIR (RUMBREF
AE—LYAR) 28T 55 R0ORKRKTESIL—F—RLRORARL. F51HR
OCTIZEDTEETHD, RBEIRR/"T7—Y TREHREZAWN-OCTIL,
R MRERME LB LT, BRESSTIRGEEEDEMZAIEEIZT 5, RR/XT
. BEL—HY—REHDZOFHRERRT 5. SRDEREIFEIL—F—%
HEtIT SO0 [D—Y ITEEE—FOYY )] (FDML) EMEENSHFT-1
Bifi R S, FOMLIF, L—YF—DEEEBEEEZER L. RIB. 17
ShEE. BLUVHANT—IZEWTEBN-HREZFTREIZT S, 1300 nmlZ
HF75145 nmOAEHFETHRA2 9 0 k H z DEBRERBUTSEE & =31
LTz ®RIEmMWODHN/NNT—ZEBIEGZLICL—Y - o BT, BRI
E-LVARZAET S LICEY ., BREEIEZ0. O 1 nmRGEFTAL .
OCTHRENEEEES8kHzTOFDMLL—HY—Z2RAWTEiESIND, )
LRHE SN,

Z 5 @ Introduction (2,

['The development of high speed, frequency swept laser sources with narrow dynamic
linewidths (long instantaneous coherence lengths) has widespread applications from
high speed spectroscopy, sensing and metrology applications[1-4] as well as more
recently for swept source OCT.[5-14] OCT using swept source / Fourier domain
detection [9,15-18] enables increased sensitivity and imaging speeds compared to time
domain techniques [19] and therefore opens new applications and acquisition
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protocols.[20-25] In this paper, we demonstrate the new technique “Fourier Domain
Mode Locking” (FDML) for designing high speed, frequency swept lasers, which
overcomes many of the limitations of standard laser designs. FDML achieves a quasi-
stationary operating regime of the laser and enables superior performance in linewidth,
sweep speed and output power. Record frequency sweep speeds of up to 290 kHz, with
a tuning range of 145 nm at 1300 nm are demonstrated. Output powers up to 35 mW are
obtained directly from the laser without amplification. The instantaneous linewidth was
estimated to be as small as 0.01 nm by measuring the instantaneous coherence length.
OCT imaging is demonstrated with the FDML laser at a sweep rate of 58 kHz.| (4F&F
BEOR : HUOBMNKRE (RVEHIE—LVAR) 28755 R0RRNE
BIL—Y—RRORAKIE. BRILE. £ VT RUGRIAZN LA C#ER
Eh, BICRATEFESIL—F—RROCTIZHERA SN TS, wEILES
J—) IEGREZEANOC T, HEEEEME LR L T, BRES L UE
BEREDEMEAREICL, o THALLGERASLUVRETD FaLERC, K
WX T, BEL—Y—REHADEDFIRZERMRT 5. SRDERBITSIL—
Y—2HRHI500 1J-)ITHEEE—FAYY] (FDML) &EMIEND
-G HEMEELET 5, FODMLIE, L—HY—DEFEEBEREZERL. &
8. JBELRE. SLUVHANT—ITEVTENT-EREZAIREIZT S, 1300
NnmiZHTEH145 nmOBFRLEFETHRKA2 9 0 k H z DEEREKBIRSEE
EERIELI=. RRK3IEMWODHANT—ZEBIBLZLICL—F—D L EERT-.
BRIE—LVARZATEI S EICKY., BERIEZO0. 01 nmXKik &5
fiLfzo OCTHRENEEEES8kHzTOFDML L—HY—%FHUVTEESL
ENhbd, ) EREH SN,

Z 6 @ Abstract [Z1E,

A new type of laser operation, Fourier Domain Mode Locking (FDML), is
demonstrated for high performance, frequency swept light sources. FDML achieves
superior sweep speeds, coherence lengths and bandwidths compared to standard bulk or
fiber lasers. At 1300 nm a sweep range up to 145 nm, up to 4 cm delay length, and
sweep rates up to 290kHz were achieved. This light source is demonstrated for swept
source OCT imaging.] (HBER: L—HF—DHLWE2A TTHD (7—1) T4
HE—FAYY] (FDML) &, LW T+—T U RADREKRKIRSINRLE L
TEITENDEELDTHS, FDML (&, BHEMLGENILIHEWNET 74 /\—L—
H—EHBR LT, BhREEERE. JE—LUVRRS. AU RRZERT S L
DTHS, 1300nm [2F LT 145nm DFE5IEH. 4 cmETHEBER S, 290
kHz FTO®5IL— bAY, ERENTz, CORIRIE. F5I OCT #RiE & L TEST
ENDHELEDTHD, ) LREBINTLD,

LEz2T. 24~6DL—HF—RAROKERIE. 1300nmlIZHWNT14
5 nm®DRAE (73 LEDELD, §4HH51155~1445nmThHY.
AEFEBAD 600nm~1150nmDREEH] THRREFELDID
THbo

c 27122 T
Z7121&, BERICET H5&H & LT, [0009]IZ TA 40 nm wavelength range at
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1550 nm center wavelength corresponds to a distance resolution of about 25 pm.] (2
R : 1550nm DHFLERIZH LT 40nm OREEFH (. #5 25um DIEEE S AR RE
[ZHZET S, ) . [0029]IZ Due to the limited number of detectors (typically at most

2048) in any array based spectrometer, the resolution is usually not better than roughly
0.05 nm, giving a maximum measurement depth of 12 mm for a center wavelength of

1550 nm.] (HER: FHFHDOT LAICE T HBEHFOHMNREMEEMICIER
KT 2048) D1z, BBBREE, BE. £ 0.050m UTFTTHY. 1550nm D
DERICH LT 2mm ORKAERSEEZ S, ) EDLRENHLIDAHATHY.
AEHRBEAD 600 nm~1150nmDEREE] THIRREEELLID
ThHd,

BEMEE (X, ERET. [0033]M [For example, the line width may be as narrow
as 0.1 GHz, approximately corresponding to a coherence length of 2 m.] (HZE:R :
BIZ X, #RIEA 0.1GHz ER LIRS, $4DHE, 2mDIAE—LVRARSIZIERF
HMETEHIENTES, ) OiEgEMN . [0.1GHz ZREICE#T HE. 2. 9
98mé&id]l (EDEILGEHELEOMALMNIZLTLVELY) EEREALT
WaHM, BRELT T2, 998m) [F. AERBHA 1D IT600nm~115
OnmMDEER] LITEKELDEDTHS,

d Z23~7DFLH

595, 23 ~TDHRRIEZ, KEFHEBEDND 600 nm~1150nmD
BREH] 75 HR LIE. ZORHRICEVWTELRSEDTHDS,

MAT, Z3~7IZEVWTIFAIEE—LDEZEDICDWVWTHE SN TULVALY
ZEMBH, 44sec/ (Dxky) ZHETHIIENTES., RICHETES:
ELTH, LEBUEER1® (1) THRAREKSI1Z, KEFHBIZH+ 5
Mt RUAIEE—LDERDDEENTHETHI N L., KEFRBFADELETO
[t<44sec/ (Dxko) | ODEHBEFH-LTWLWIDONESNEIFTHTH
%,
Z3FDHE. 23~7IF. BIMEBDHRBAET HEEY MESIFRFMIZEH L
THRRABL—Y—RIEE S UKL GHBFREZH-9SS L—Y—HREFEH
LE=XEAZHEET D, | CEDOXHIZEZAT M LG, REFKA
D NERAEL—Y—HFR] M, BB SBICYHEENEFBICFICANS L
MTEINESIHDHIEMFE LG DL DTIEAEL,

(€4) Z28IZ2U\T
Z8IFARHUELBRICETINEZIDNOTHY., £D2 1~281TICIL,

[At least 18 companies are actively developing and/or manufacturing OCT systems,
with many more supplying the key optical sources, detectors, and related photonics
components that enable the various OCT products and applications. As this technology
continues to penetrate new markets, opportunities exist for photonics companies in
optical sources, detection, and delivery systems. OCT systems manufacturers profiled in
the report include Carl Zeiss Meditec, Heidelberg Engineering, OPKO (Ophthalmic
Technologies), Optopol, Optovue, Topcon Medical Systems, Bioptigen, GlucoLight,
Fox Hollow (ev3), Lightlab Imaging, Lantis Laser, Michelson Diagnostics, Glucolight,
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Tomophase, Santec, Thorlabs, Volcano/CardioSpectra, and Imalux. Source and
components providers are also profiled, including Cambridge Technology, Denselight,
Exalos, Femtolasers, Goodrich, Inphenix, Micron Optics, Multiwave Photonics, NP
Photonics, Optiphase, and Superlum.] ($FEFHEEIR : DG &L 181HMNOCT
DATLEEBHICHRES IV FEEREELTEY. EoI2ZLDEBEH.

BRRAGOCTHRRBBIUVARZARICT HITELGARR. BHH. BLUBEED
T# FZ O RBBEHBEL TS, COEMAFLLMHZITEELEITHICD
NT, XBE. BHE., BLUEEVATALIZE TS 74 b=V RBEITE>TH
ENFELTVET, BESICRBESINTLESIOCTURTLA—=D—(F. B
— WY TFARAT 4Ty 9% (Carl Zeiss Meditec) . /N1 TILRJLY T D=
7 1) > %%t (Heidelberg Engineering) . OPKO #t(ERF i ffi). # 7 bRt

(Optopol) . ZF FEax—%t (Optovue) . TV = AT L ALV RTLX
%t (Topcon Medical Systems) . /N1 A 7T 1 4 2%t (Bioptigen) . /LS54
k%t (GlucoLight) . 74w 9 X - /KA ™%t (Fox Hollow) (ev 3). 54 +35
R A4 A= 25% (Lightlab Imaging) . 5 T 4« A L—H —%t (Lantis
Laser) . XA IV Y - BALT 5 /) AT 14 v%9% (Michelson Diagnostics) . 4
LS54 +#t (Glucolight) . FEZ = —X#%t (Tomophase) . T vyt
(Santec) . Y —3FHR#t (Thorlabs) . NI —/ /" A—T A FARY FS51t
(Volcano/CardioSpectra) . 74 X759 A%t (Imalux) ZEHAFT . XRELY
BmETanNA 5L, Ty P - T4/ 8IP—%t (Cambridge Technology) .
TUR5A k4t (Denselight) . T4+ 0 R%t (Exalos) . 7L L—H¥—X
#t (Femtolasers) . ' v F 1Y v F% (Goodrich) . 41 7z =v ¥y Xt
(Inphenix) . Y42 A -+ JF 449 X%t (Micron Optics) ., IILF T —
J - 74 =% X%t (Multiwave Photonics) . TXE— "+ 74+ k=45 X%t (NP
Photonics) . # 7T 4 7 = —X%t (Optiphase) . A—/3—)LL%t (Superlum)
BTEBNALTVET, ) LRSI TWLS,

INEBBTDHE. OCTURTLA—H—ELT1 8%, RBERUVEET
ANAFELTT 1HARHSINTEY., TD1 1#HDO—D2& LT, HEFEE
DEFELEARICIECTRSIL—Y—FEDa—LERELEZIq4 B - T
TA VAN RE A TWSEITTHY., 28&Y., XHEFRHED NRRAEL
—H—KR]l A, THHREF] ELTAHEBEBLERICHEENBEICFICA
NEZENTEDLDTHOI-EDERZHRTHLIETERLY,

() Z9~16I12D21\CT
a ZHEDEFHITDOIT

(a) Z9lF., REEELEBHIZEITEIN T Amplified, frequency swept lasers for
frequency domain reflectometry and OCT imaging: design and scaling principles |

(FFEFEE R - FIRMMEBRFARBES L VO C TIREADIEE SN -BIRE
WEIL—Y—  BHABLUVRT—IVITDRE) EWVSXETHY., TOEE
M— A & L T K.Hsu (Micron Optics Inc.) MEH SN TLVS,

(b) Z10I[%X. REELBEIIZHEIT SN T [Detailed Visualization of the
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Anterior Segment Using Fourier-Domain Optical Coherence Tomography| (4$F&F4&
ER: -V IEEXIE—LURMEY T 74— EA LIRS
aJfRk) LS XETHY. 1 BTSN [Additional Contribution: Kevin Hsu,
PhD, MicronOptics Inc. loaned the high-speed swept laser source, and bioptigen Inc.
supplied the base software package for acquisition and display.] (4FEF4E&EER : B0
MAGER  SRB5IL—F—RRE<1 /008 TT74 0 Rt YEV - R—
{1t (Kevin Hsu, PhD) Mo EE. BB LURTOLODEXY T LT
N —DRNAFTTa 7o oS-, ) ERBEh TS,

(c) 21 1(F. ZOHRITENFBHTH S lEfficient Single-frequency Fibre
Lasers with Novel Photosensitive Er/Yb Optical Fibers] (4FEF#EER : B DA
MEr / YbXI7FAN—ZRAV-EHRERRK I 74 /N\—L—F—) &1
SXETHY. TNEEFED— AL LT KHsu (Micron Optics Inc.) MEH INT
AV

(d) 21 21F&, AGEEELEBRETICHEIT S 1= T Single-frequency, single-
polarization operation of tunable miniature erbium: ytterbium fiber Fabry?Perot lasers
by use of self-injection locking] (4FFFEEER : B EAO VI TRV -E—F
B, B—RRBEORRAZNMIIILEILAYTILEILT 74 N—=T 7
J)—ROo—L—%—) ELSXHMTHY. TDEFEEND—AELT KHsu
(Micron Optics Inc.) A EEE SN TLVD,

(e) 21 3l&. REEBEBRIZHEITS 1= THigh-speed liquid crystal fiber
Fabry-Perot tunable filter] ($5EFEHIR : BRBER I 74 /N\—27 7T URO—K
RAIZETA4ILE—) LV XBMTHY. TOFEED— A E L T Kevin
Hsu(Micron Optics Inc.) MEEH SN TS,

(f) 21 41F, AHEEBRTIZHKIT SN TFull range polarization-sensitive
Fourier domain optical coherence tomography| (4FEFHEEER : ZILL VDR
BHEMT—IFRAAUHKIE—LUVRMNETTT4—) EVSXHMTHY.
6039 BE® [Acknowledgments| (FiF#) [ZIE. [Loan of thel.31um swept source
from Micron Optics, Inc. and discussions with Kevin Hsu are also gratefully
acknowledged. | (45EF#EER : £f-. ¥4 90> - A TFT 449 X%t (Micron
Optics, Inc.) MBMD 1. 3 1umFSIXREDEES, BLU7TE > - X— (Kevin
Hsu) KEDERICHBFLET, ) ERBBSIN TS,

(g) Z15I1&. A4H-EBEBRICHEIT I [Swept source optical coherence
tomography using an all-fiber 1300-nm ring laser source] (FFFEZER: €774
N—=1300nmY Vi L—H—%FEEEALEBIABFELIE—LVR+E
9574—) EWSXETHY. FDEED—AE LT Kevin Hsu (Micron
Optics, Incorporated) MEEE SN TULVD,

(h) Z 161X, TSwept laser source at 1um for Fourier domain optical coherence
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tomography ] ($¥5F#&ER : 7— ) IEEXIE—L VA MET S T4 —HD
1TumTOREIL—HF—HKR) LVLWSXHMTHY . TOEED— AL LT Kevin
Hsu (Micron Optics Inc.) D EREH SN TULVS,

b iBETELHEE

tBZ29. Z10RUZ12~Z16DXHEMND., KEHBAEHLUBOERL
LT. UTORIENEETE D,

Kevin Hsu [&. Micron Optics Inc.ICFTEL TH Y. F5| L—F—HREDEEFKIC
BHOTW=-AMTHD, 4512, 214D T7E> - R— (Kevin Hsu) K&ED
BRICEBRBLET, | LOREM,DL. BEIL—F—HRICEAT HEFTIZ DL
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