Chinese Physical Society
Mﬂﬁﬁ Acta Physica Sinica -

Institute of Physics, CAS

ETHEEHN AR AT FETERRGIREHAR

EET R FR FM TEE

Tapered structure based all-fiber probe for endoscopic optical coherence tomography

Yan Xue-Guo ShenYi Pan Cong LiPeng Ding Zhi-Hua

5| H15 2. Citation: Acta Physica Sinica, 65, 024201 (2016) DOI: 10.7498/aps.65.024201

7E 28 1% 32 View online: http://dx.doi.org/10.7498/aps.65.024201
23 N 2% View table of contents: http://wulixb.iphy.ac.cn/CN/Y2016/V65/12

AT RERCH B B S &
Articles you may be interested in

= HOG AR T R AT UG HOR SR RS N
Ultrahigh-resolution optical coherence tomography and its application in inspection of industrial materials
YHE 47,2015, 64(17): 174201 http://dx.doi.org/10.7498/aps.64.174201

TR E R WOGIEAE G R IOR 2kt
Design of two-cascade optical antenna for indoor visible light communication
Wy 2242 . 2015, 64(16): 164201 http://dx.doi.org/10.7498/aps.64.164201

BEAAT 73 2 TR 78 B R 2 v XU 34 22 FLOYG 4T
Ultrahigh birefringence terahertz porous fibers based on interlacing layered infiltration method
YE = 4.2015, 64(15): 154201 http://dx.doi.org/10.7498/aps.64.154201

FT Yoary BRGS0 T R T 50 A
An approach for calculating the optical structure based on y;,..y diagram
YH % 4.2015, 64(11): 114201 http://dx.doi.org/10.7498/aps.64.114201

BUNMDGAE G R Ge it
Design of dually foveated imaging optical system
VP22 4%.2015, 64(3): 034201  http://dx.doi.org/10.7498/aps.64.034201


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml
http://dx.doi.org/10.7498/aps.65.024201
http://dx.doi.org/10.7498/aps.65.024201
http://wulixb.iphy.ac.cn/CN/Y2016/V65/I2
http://wulixb.iphy.ac.cn/CN/abstract/abstract65088.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract65088.shtml
http://dx.doi.org/10.7498/aps.64.174201
http://wulixb.iphy.ac.cn/CN/abstract/abstract65006.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract65006.shtml
http://dx.doi.org/10.7498/aps.64.164201
http://wulixb.iphy.ac.cn/CN/abstract/abstract65026.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract65026.shtml
http://dx.doi.org/10.7498/aps.64.154201
http://wulixb.iphy.ac.cn/CN/abstract/abstract64340.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract64340.shtml
http://dx.doi.org/10.7498/aps.64.114201
http://wulixb.iphy.ac.cn/CN/abstract/abstract62620.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract62620.shtml
http://dx.doi.org/10.7498/aps.64.034201

38 % 4R Acta Phys. Sin.

Vol. 65, No. 2 (2016) 024201

BT RN 2 R DAL LT RIS
R

FEE AR BR

T AL

(WL R=E R 5 TR, WOLEMIEF TR, SO A BRI E, S 310027)

(2015 4 8 f 27 HY®l; 2015 4£ 10 H 7 HIL BB F )

ASARIE T — P T IAE S I AR 2 B A BOEAAR T ZHT RIS, 2T REPEZBOLA LA K
HURRPE, A REZPR 2 BOR LB BB F N TT I, IR BDRLT 5 R 2 B EF 2 8] 5] NI I L 4 BL
PSSR, 8 5B G2 05 BB (Rsoft) B E PR EH (K (45 1), SR )5 it p e DI USR5 T 205K
BUEREHIAE, JEXTHRET (0 BN RV SR A SRR REAT I &, 55 RZ R S0 TR R E R 4
RAIL, o AAASR IR BK S 30 Ve BE A G AT IR 2R B ELAR DN 250 pum, ABEN RS SMEN 325 um, ff 3
K1 em, FABHELIN 0.3 dB, 2 A RRARIEREIL 800 pm. ZIREH AN BDC A TR T R HORLE
LS R SE R S (3t 1 e K R e A i R A5 e R PR PR I

XA UM TR EUR, WEL, A ERE, hidlE
PACS: 42.15.Eq, 42.25.Kb, 42.81.-1, 87.85.Pq

1 5 =

AT ENT A (optical coherence tomog-
raphy, OCT) [' =31 j& —Fh 345 71 i 4= W) 15 2 1 1%
J5id, AR EG TR R A () oA R R B R SRR T B
OCT A W& RS 509, REXTHRIS P, iz
JkEE 6T RSN AU 88 B AT AR R NS m R s
IR AR. SRTAT, OCT 784 W 40 237 1 A% IR B+
AR, N 1—3 mm B Xk 4 T HAEEYE
SR T KN . AN RN B A N BAR
LT DAEARAR AN S R AN AR B TE, XA
N IR & o B R AR B AR S T T RE.
1996 4 Fujimoto % I ¥ YR AT P4 81 OCT SE 3L A
A B K PRV A4 I & BASK, %8 OCT (endoscopic
optical coherence tomography, E-OCT) &7t 5 %
A OOT e Ak DA ) (20 ik R st 2 9] 33 22 A7 ek
(EE SN

E-OCT F 8 A iy M e N 8RSk s 1 5 il
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fE. AR, NSNS N R T & MR
Wit 77 %, 1E Fujimoto 55 1 T A i 3T i 5K 20 1) ]
I AR HT 4R Sk 2, 2002 4F, Seibel 45 1] 4% 1
— & A TN B OCT L& i a8 2k, Jl i #8 2k
A 64 3 3R = 4E S 2004 4, Tran
Herz 5 [15:16) J-Ffl 710 Ty ik ko] 1 328 ity 9K 20 ¥ 0] 1
PORFHEER Sk, 2007 4F, Xu 2 U7 5 TR R 48
(microelectromechanical systems, MEMS) 3% /] #/
BRI TSR] N R O] [ PR 4 e R
3k; 2011 47, Tsai &5 DSV 4& H 1 —Fhe Tl i RS
(000 1) e R 486 A WP S5 2014 4, 3k 45 DO 4
3T o O 7 Sk 360° Jo B XM ) A
ARITHE N BRI T I U I 22 22 ) i ) 49
TN BRI BT T R, AR IR Sk BB i
A JE T3 B 09 B AR TT I IO A BER Sk, DR AR
i, HEAARMEER 1 mm AR, 0 H, fimk
JE—RAETLH 2L E Z K0, A — D 4a.
2011 4, Lorenser %5 PO B 7 ELAZA N 300 pm ()
SOGAIIREL, B B EBDRL . TG LA L AR

« [H K [ RBIHIE S (LS 61335003, 61327007, 61275196, 11404285, 61475143). [F 5 & B AW 70 & & i %I (Gt #E =
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Yo R Rk, 2012 45, 1% /N O3 T3 A8 47 4
FORLF AL FRIBA, 08 T HRE R P
A, B A 2R O 2 A I R R O VR R IR G
A RS ) TAE IR B 5 R OB R~ S 2
R SR SRR A T BARIE R, B JE %N
SINZB B EE AR, Azt [ R
S PR B R AE T — R AR F B YL 2013
4, Chen %5 P4 #f ] 7 H AR N 125 um B4 64F
BIPREE, & R BDL A sl I BG4 DL K 4F
SZEOCLF R, 2015 4E, Moon 25 25 3 — 44k
ZWCTE, K A SR I g N R B B AR 2 85 pm,
E 800 wm [ A% 6 B P9 SE B T 30 wm FRIAE ) 43
. (HZ, IXFh 2 BB RS I R A M A S N T
TR, T LS T U i N FE.

ST R ARIE BT BB B S R DL U N B
PRER 20301 R 1) 49 26 32 B2 B B I B FLAR
YesE, BTN, WEN RS
R L TR RE B (R 52 SONERER H 6 i T 215K
FE B ) th B 2 JR . O I P B AR —
BORRETEA/NT 1 mm, B TAERR B —
WA BmERE. —FIRIRE R IR B ENIRET
A% TCAEEFH, Sharma 25 B IGAIE T SRR R 4T 1
NERER ER B AT AT I, (H H S TR 1 R B S a8
BRAEE RO AR TG B /N, FEANE A 92 BRI P B %
. AR BRI B OCT RUE &, RN E
TRET I AL S BRI AR i B, AR SO K $
HIERIE T — I T HE LS I A 47 B N BLR
R o N2 W A B P2 K (350 -8 C g K M
KREF 2B R E B HE A NTRE R G oet, I
TE AL 5 R A 2 WA 2 10 5] N i % Fi
B UL/ AN HFE. B S S e 7 A RET Y
WAk G54, AR5 R R4 )% DL R s % T2 s 8
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ANEMRIE
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D& e R R ET 5 3 OCT & R ST,
X NAAR IR B LA RS < BEHEAT IR UEE A

2 A KT

AH LG T A% S5 10 ) F 328 5 AR D AR oA 1) 3
OCT # 4, &4 A N B OCT R 41 F H L 4F A
S Ag o, 12 R B RA R/ S A
EE T /NG AT, ARG R R BRI R 2050 21 R
% 32 it B ORI A RO B TE B, R B E S T A R
REF . KA BBOCL R HAR LA S 2F
O 5 60 2 B AICAR R 47 5 % 22 3 BOH A5 il R BOE
BTt L TR R, JEAE S N
OCT R & I AR 6 £F 52531 [ 1 AR SCHE H 11
HF RS L HEIEE (large core multimode fiber,
LCMF) BuGHRET gt rn ML R E 2
B G £F (SMF-28e+, Thorlabs Inc. ), LCMF i 4
Bt LCMF(LMA-GDF-30/250, Nufern) & /%5 X
RIFVERI . BEOGLH T OCT £ RGHIFE M E
FHREHA e L S, LOMF AU L 86 4F - i b
N SRS T RSB, T TR AL R 88 A UK
RG], LOMF i HE B AR N BB 2T M LCMF 2
] F) %, HLOMF &b #1583 B2 5 a4
Ui 4108 BLAR 5 BBOG LT R £F S EAR A 2, AT LA
BROGLT 5 LOMF Z [A] FIB AS IL R FE, 1506
ME AR, 2GR E T M2 325 pm A
BE IR R AME IR B e, A5 % LOMF (1)t 5 i
AR AA 3R AT AIE S, R DS BN [ O, T (PR AT
5530 vy e R ALK AH 45 5 AT PR AT AR

E SOGA HERL AR B i N B3 1/ e
WAL FF BT 0T I (RO SR AR, A L IR 48 A% v
[ 2 oAy B
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Fig. 1. (color online) Schematic diagram of the endoscopic probe.
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U, n g SR 2 TV BT ) 9 33 26, X G K wo
Ty OCHR A AR, BRI A B AR ) —
FooMA =13 pm, n = L.OK, NIEET mm M k
A BURAR TG, 2P EAA T L 20 > 28 pm. £F
R4 PR 4 B, RTE 24 = 30 pm,
R (1) 20, ZAREF BT P8 B9 LOMEF A B A
BRAG T2 9 1.1 mm.

BEAh, ZROCLTIEH 2 5 N B BN, AT
FVHA— IR V RAECET 1 1

v 27‘((;NA' @)

V HIOGEF LR EAR 2a, JEPAK X DUSOGEAT BUE fLA%
NA WRGE, 5T oA 4% (5 3 K 25 D) AH 5% 129,
M2¢ = 30 pm, NA = 0.062, A\ = 1.3 umHf,
V ~ 4.5, R ZLOMF 32 £F 2 P2k P fm % B 20
(AL HE, BIRHHE BOd I 45 M PR IK T s AR UK
AT REME, (H 2 BRE R ATIAS T JRE S Mt 2 AR AE B 20
B, SRR 22 75 OCT $h s 5 R 5l Ah 1S
7, BEARRAR I RBUE 53T, B FEIRET 1
T 2T AFE ).

50

I 28 A TR R B R IR, A
LPo; 155 i B B 7E Y6 4 oh AL 3R A R K B L, T
P BB IAIZE IR (3] AT LAR IR A
L55Vg _ Loy (J\cfl — No)’ (3)
{1, Ny = No+7-g(N1 — No), AR FERER PR
FIREIT ST, ¢ NIEIE; Ny, Ny Al et 5
BLEMRHBET SR, BT TN AR 5 24 k)
H‘]%ﬁ%ﬂ'znl, ng, M N1 — Ng =2 n; —ng = m A,
A RGFFEEQZHIHNIT S EE v AR
— IR, X T — MBI B BRI S R A M,
—1 < &y < 1B xR AR B B
LCMF, n; = 1.46, A = 0.13%, 464K
B, /NT 10 mm B, 2R H AR R AR 6 A5 ]
YEIR B KA I 64 fs, i P ASE 47 30 O 15 5 AH KT
TR AN OCT $h M5 5 S AT 20 pm,
X5E B OCT RS MR 2 HFR A4, Ha
Y ASAS 5485 5 (1 BE BE 8 LU BB /MR 2, T RLA
NI EAE T P G S S AT E B,
T 205 re A A 1 52
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Fig. 2. (color online) (a) Simulation results of light field intensity distribution in and out of the probe; (b) the

length of large core multimode fiber is given, beam expansion as a function of distance D with various lengths of

tapered section (1-3 mm, limited by practical tapering technology); (c) the length of tapered section is given, beam

expansion as a function of distance D with various lengths of large core multimode fiber.
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PR B3k OCT &R G IR A) 20 R Bk
REEA L, DI PR B BT B Oy ) H AR 2 AE R
A BE K B AR B DR IE & 2 R [ 2 R 2R
LXK — H bx, FAE S BUE 07 HAE B 1 BT g
F i) fe AR LT B8], D6 R A% 381 (beam propaga-
tion method, BPM) & — P 7EHT 5 % b =% (8] 22 4k 1)
AR STt o SR Al b B X A E 25T IR BUE TR
J7id BT 62 ) B A Rsoft 32 BAE T4 BR 2 4
BPM (finite-difference beam propagation method,
FD-BPM) B340 B |5 5 UM% ¥ B s 5
JCHRALFETT 10 B B HU AR B ), R
BSHUE BRI A, AR TR — AN B O
LB A AL R T AR, AT BERS SRATAT = LT 25
TR A, W 2 (a) Bios, 1E Rsoft H1iE
SURNIGY, JCEF U SR LR AR R, 7T BASR
FFREF WA R B 0 AR B 0, AT 3R BUR £ L
WGBSR E AT m . B2 (D), (c) 73l
&% & LOMF K2, 048 LCMF fi 4 BUC I 5
45 7€ LCMF fHEBUK R, 0% LCMF KJER, #R4F
EE SR ' TRE 5 EE 2 AT R 2 v 4 08 B BE PR T H SO R
5 ERER I i PR D R — R A AR 2. K
ATLAE i, % R SEhrhr e T 25 m B RUS0 K
JE BRI, 8 LOMF 7 4E B 2.7 mm, LCMF
K7 mm i, B EREASAE 1 mm B AR TG A
PRFEFILT 30 pm IR IR 73 FE 5, Sl LAAT L A5
ERET SR Bt

3 ZRER

3.1 #REHHIME

PREF i 4F 3 E R H 4 8 3h S e e Ia L
(FSM-508, Fujikura), HHDGLFRiHEF G LKL K
B 1%E 7] (LDC-40, Vytran) il /5 58 5k, B
LCMF(LMA-GDF-30/250, Nufern) A Fl B Fh o'
2F. SEBrffEE R, EERIH ARG R &
Xf LCMF #47 7 HE AL 3, 7 HERF LCMF 4785 5
)2 EAR LT AR S R8N, B G F 1 h 7).
SR ESESHARIE LOCMF 4 B FEAE 5.4 mm
H A E B AR N80 um; 2RJ5 M gn sk bl #4
TR HE AL EE (1) LCMF, B AR — B, it e e 15 2
HLH) SMB0-125 & # A X 5 B O £F (SMF-28e+,
Thorlabs Inc. ) MFEHE; & o H KGR GLV)E
TV Z R LCMF, R HKEL 7 mm. K32
BOGERET (i fr, oA R EAR N 250 pm, Al
Ui BN 1 em. O SEELN [ PRSI AR, — TR

FEI 40° R R O £ i T 4 AT 9F 2B 0 I, A
A G RS R A 17 Ok PO T A W
DR e L BT BR ], 32X B BAT IO e 21 3 1 1 D) 1 4k
B, HIZ AL PIRHZ RS MRS S E S
WAUETE R, BeAb, F R Ak 2k % i By DLt —
L4/ NBUA PREF I RT BLERAS BE R A L fE
L5 A2 B R R AR K.

e J— s
oy B DL

K3 (MTIRE) (a) BOCRE SN (b) BAEBUR &
(D
Fig. 3. (color online) (a) Picture of the fabricated probe

without the stainless steel tubing for protection; (b) mi-

croscopic picture of local tapered section of the probe.

3.2 RESHNE

— B 9 J7 A R IR A 4O\ 45 R HE AT R
m IR IR 7 VR R H O T Ok, R A
FHOCT e ¥ (SL1310V1 Series MEMS-VCSEL
Swept Laser, Thorlabs Inc.)ll 3 & J6 Th % K
16.2 mW, FI B4R 27 5 ACHR £ TN A5 B I 1 HE Ol
9 17.5 mW, I TF 5 RS IR A BFEL
0.3 dB, 12 AT 50 A S FE S 1 At 27 2
TREE.

TREF S BERRVE IR E T R B R 17 23 1 R
SHEROSMGIEHE, &5 — M E R R 5 I E
TERPR. KR ]2 R0 I S s 2T ) 5 204
FAMLEE SR B A OR A 2 B, R AT £ A AH AL B 4R
HH SR 6 £ i T AS ) B2 25 D A 1 6 B 5 PR 5 4
I 2 H R AT L S DI TR 2 v 4 B T R S ) AR 4K i 42
APl A Firo. SRR H RGBS w5 4 TR I S AE A
THAR O BAE R, 1X FBSE T 1) AL LA
RiPERA —E R, 4R Bou 5HE i i
T ) S B 26 28 A K 2) R4 HH S ol T 80 A T 0T B
PCTIALA T OIEIAEE, 208 R BE= A —E 5
Mi; 3) AHHLE G 3 R oK 5 I B2, B
i, A4 0T LUE H, ZARET RS TE 800 pm (1
YO LA ORHF 30 pm PR BB 1] 70 B2, 55 Lorenser
SEAROE ) AL RUERET AR B, A RUBE TE B R =
1.45 £,
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Fig. 4. (color online) Measured beam intensity patterns and the corresponding full width at half maximum

expansion as a function of distance, solid line represents the Rsoft simulation results while the blue triangular

dots represent the measurement results.

3.3 OCTH/&

REHIE 1% 4 6 AF BN SR £ A T 55 B OCT
BRI RTAT 1, FRATTHE T 5 B s B A B A
OCT £4i. MEMS-VCSEL 141 ¢ & (40 3 K
1300 nm, 10 dB 645 %54 122.4 nm, HhA 344
¥ 100 kHz, Thorlabs Inc. ) & Hi 645 90/10
FLF A B N, 10% IS HE, &
e BRGSO 90% [
S A 5 HENFE R RE, HiREDE S S %
Tk 8] 0 £E 50/50 6 £F # & & R AT, S

10/90
AFREAES

PRI %% (1837, New Focus Inc. )WL THES
AN S 5 2 )5 i BdE R 4R R (PCIe-9350,
AlazarTech Inc. ) REIF-AFEME, R G EH 5 H
VEREREAETH AL b B R i R OW S 4 AR

HE MBS ZE B NA— 25 NOBUER,
FEAR OCT RS M H 7 #, w5 EEAT A2,
AR T HE oMz B AR B2, St S i 4L
KRG T AT A AR AR 4 DR B AL, 48
S IR TR A R B AR AL ) B
BRIEZ 5, RGN 0 #5209 17.6 pm, 53
WA 23 HE 2 (17 pum) 724,

el s

% B
> S AR B
E % PRI
BT e "

= ?g FHES

wetl | vmm

K5 MBI OCT RGLE 4]

Fig. 5. Schematic of the endoscopic swept-source OCT system.

S, KRBT E AR —4ER S PR & Ll
Hr B HEAT R 1] 448 DR BUE 4L ZU OCT KA.
K6 (a) & NMRFRR BRI — 48 OCT B, B ]
DL 28 30 BUHE IR B BKIK 73 J2 45 ) LU R SR etk
fik, 5 1&6 (b) Frm i @Y B AR e LT 4R T, 1

0] M 208 24 pm, FEIRZN 700 pm FIFESH
OCT RGMTaI B OCT BUEHILL, Wi 1
8057 B AH 2, 3 AU 8 20 1R IE 7 N B OCT 48
Btk ae 8. B 7 o S B B A OCT
K%, FIFIZNE OCT MREMUE, W LASRIG K
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N

Kle AEfEREKEG (a) REREEMOCT #4:; (b) RAMG &M OCT R%
Fig. 6. OCT images of human fingertip obtained fromthe endoscopic SS-OCT system (a), and from a

conventional SS-OCT system (b).

" 500 pm

7 FEgERERE OCT B (1, FHE; 2, Fik
TIE; 3, AMEZ; 4, BEHHA)

Fig. 7. OCT ex-vivo image of fresh chicken trachea: 1,
mucous layer; 2, submucosa layer; 3, outer membrane;

4, cartilage tissue.

JZ BTN RSB R 73 R G5 A 5 R AR B A AR
FMR, SX T80 BEH 1 A SCHGE (1 P9 SR B 52 B
OCT MG T AT E. 5 B4R, B AREM L L
DIPRER R SO 21 i 1T Ak S S5 ol g oK.

4 4 #

AR SCHRIE 1 — ke T o 4 45 M O 3E T AR
OCT MG M 4 e 2T BUERET. ML TR SR ET -1
B, SO A AR RT B RALSS, iRt ik
TRt T R R B S e R PRI TR AR EE T
TG LT, KR 2 MO £ BE % 3k A 3 /2 S B A L
OCT RGO Rt 5 e AURe M 1) 220K, i HEST 1
FEAR R R AT G AT 5 % o A AR A TR I ol /s 17 A g
KE.

ZIRE S A IRFEL 0.3 dB, X2 AT
FIT R 2 6 21 B ERAT 1) SR AR B G 188 4 P2 R 52
1 cm, & TN L, BES5E 800 pm K &
V0 BB Y SEBLOE T 30 pom AR ) 3 %, o2 B AR
7 FERRAR 37 % 19 2 RO e 5 e M e
. REPCA FAREAR A 250 pm, NHEWRGESL
182978 325 um, % & RCLF LR E T, A1

FRZI A B RS R R B AT B B AR D A IR
285 pm PO ZERE Y R S B
53 A AU A 45 5 S BRI 1 R 1
DyHRETE o) HARHIRE N LR R B (K 3L
JRAR AV FEA Z IR BT 5 At A A AR &5 6 T 38
I Z KR A U R T BRI ).
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Abstract

A tapered structure based all-fiber endoscopic probe for endoscopic optical coherence tomography (OCT) is pre-
sented in this paper. The designation and fabrication of a miniaturized high-performance probe are critical in endoscopic
OCT. Compared to the conventional fiber-lens structure based endoscopic probe, the all-fiber probe has a prominent
edge in size and flexibility. Due to its lower beam-divergence, the large core multi-mode fiber makes a better fit than
a general single mode fiber does when utilized to replace the micro lens in a conventional endoscopic probe as the
imaging component. Furthermore, a tapered fiber is introduced as a transition section between the single mode fiber
and the large core multi-mode fiber in order to enhance the light transmission efficiency and reduce the rigid length
of the probe simultaneously. First, in order to obtain an optimal performance, optical simulation software (Rsoft) is
adopted to determine the probe’s proper lengths of the tapered section and the large core multi-mode fiber. Second,
the all-fiber structure based endoscopic probe is fabricated by means of large core multi-mode fiber tapering, cutting
and fusing processes. The beam characterization and insertion loss of the fabricated probe are measured experimentally.
The probe itself is 250 um, and after covering with a stainless steel protective tube, its outer diameter becomes 325 pm.
The rigid length of the probe is about 1 cm, which is more flexible and easier for inserting into curved blood vessels.
The insertion loss of the probe is measured to be about 0.3 dB. To the best of our knowledge, it is the lowest among
all of the all-fiber endoscopic probes. Finally, the probe is integrated with a custom-built swept-source optical coher-
ence tomography system. Imaging of human fingertip and ex-vivo chicken trachea is conducted to demonstrate the key
performance parameters of our probe. The effective imaging range of the probe is up to 800 microns in air without the
help of any extra mechanism to expand its depth of focus. The probe offers a compact, efficient and flexible candidate

for endoscopic optical coherence tomography, which is promising in cardiovascular investigations.
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