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Abstract  Minimized probe is a common requirement in endoscopic optical coherence tomography (OCT). We
introduce the development of mainstream designs based on ball lens, fiber lens, graded index fiber, free form lens
and free-lens, summarize their advantages and disadvantages, and put forward some suggestions for miniaturization
of the probe. The development of probe with extended depth of focus (DOF) poses significance on imaging
subcellular structure of human internal organs. We review several important techniques of DOF extension suitable
for miniature probes, among which the probe based on mode interference is believed to have great potential because
of its easy fabrication, compact structure, high light transmission efficiency, optimized working distance and DOF,
and uniformity of axial light intensity.
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Fig. 1 Schematic of probes. (a) Conventional probe;

(b) multi-mode interference probe  without

focusing elements ; (c¢) multi-mode interference

probe with focusing elements
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Fig. 4 Fabrication of lensed fibers and their output beam spots. (a)—(c) Radii of the fiber lens increase with the diameters
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of the coreless fibers™; (d) radii of the fiber lens decrease with arc power of the splicer™™ ; (e) side viewing probe

design with angle polishing fiber lensP" ;

sleeve; (g) transverse intensity distribution of the spot with the protective sleeve
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(d) micrograph of skeletal muscle

it WL PRI 95 9 ) IR AR A 32 W7 400388 %) 197 R A0 18

FETF MM GRIN B 51 BREH T BB LUK
GIF B #E 3k B8R BB o o028 43k S80S 300 1 30
WY TAERE B R AL EE R/ DL R A TR A — o 3 [
DAL ) 32 5 ) R (B X DA I BR 22 AR 1l s B Al v
JEHIRE RS AE Y Li AU R 3L TR0
TRA N 3D 4T ENHE AR SEE T F dy il 1 A 78 O
SO FTED F T 6L OCT #:3k i HiI4E , an
6Ca) i . A HFFFTED B B4R 2 300 pom [ f3 5
B A S S T AE 1300 nm g L K R SE M T
0.7 mm ) TAERE B . 13.5 pm IR 17 23 BEE .1 mm
M AETR DL B fmiab 94 Vo 9 %, o 2 Bl L8
JRAR PR DL B N 26 T 52 0 A5 P 7 o e AR o
anE 6 ()~ 6(d) PR, Kl H SC B F)ZE E A&
B2 D RE R, A G5B R 2 /M DL R T SO R
FeAR A bl B SRR A AU S N BT OCT #83k 76
B 1 0 B TR AR R RO T A L

AR R A K Y A LA Ty A
AT AR L B AH Hy T AR A B O HL s
[i] P M LR B AS R T i A 4 Sk 7R BL 22 A 58 I IR
WFoE L K. FEHR Sk /N BL H R b, 5 2 gk
FH Y S B B B Sk it . e T B B R
LT Bk Y R B B S R, Bk S B Y
HAR JCLF S B0 I 42 L GIF B K B 2% WA G .

PRI Ry 7 GRIE VR 48 Sk ) A= e T 1 S S O R AR
TE T A a8 v a0 20T A 4 T I 2 2 8, T 4 T
P A B . 29 8 AR & T R ) Lia S5
i FH—MR SMF 1E g P9 8188 3k - XF N 28 48 B2 ik DA
AWM T A AN ENEG., WE 7@ & 7(b)
Jr7s s T-48 B k2 2 0 SR e R R 4 4 TR )2 1 1 A8
DL AR W 2R S5 A TG M T UL .l e AT R A T
PE RS BB A BIFE Ry 0, W0 UL &5 1 1% i Ak
R B OE o AE IR 2 P &, OCT /9 B
Wik F 0.7 mm, 55T GIF M3k (1 B 15 % B A
Mk T kT AR SMF 8 Sk i P i & i ) 7E
TR )2 8 22 W R 1) 4 B R ) B, e IR R 2
Moon G 4 H —Fh 3L T 38 20 2o VB £F 005 19 G 35 BE 4
Kwit. M A S EHAE N 8.4 pm 1Y SMF ., £F
INEAEN 12 pm R AELFEORLT DI RS HE R
20 pm B LCF AR, I 7o fiim . Hrp gk
JCEFAE ik P B T T 98/ TR A DT e 5 1 5 1Y 4
AHREE F B 15 76 J5 22 19 LCF Hr = A 0 S 4 e o A58
Ko BHWRWERR 125 pm, 7E 1.3 pm BPOBEK T,
ST TARE 1 dB i ASRFE 13 pm (R 0] 43 FE R
DL 0.65 mm (AR, X S48 B IR 1) iR 4 S
T(D PR, AIEIE 2R A AR R /N SMF,
R BB KM LCF /E ) T8 S84k it 5
TG A 33 B8 RS AH L L AR VRN D/ — 2 . (R ]
YEMER) AR BORARAZ A o 45 43 B 32 00 1 H b B A
—EMSEG 1. — 5 B PRk RTINS
B BBk 1) TAERE Bt bt =22 0N 9 L 5 T %
PRI AR L AZ G2 3 BE AR Sk R Bl A T s )
— 7T AR BT RSk AR TR R K, T LA
— 2 [ R TRA R 1 45 K AS TR BA 6

T U INTE A AR S 1 K I (R B R e A
RO B — B 3 T R OB AT 0B B R Sk
Y5 Moon % 1 15 71 S8 R [A) 19 02, 83k b LCF 1Y
o B AR g S B HE S O A R L i — AR
SMF | — Bt i fE 6 27 fl— B LCF 41 8% . 4544 & an &
8(a) fIr7n . Hit SMF 8 H F 528 OCT R4 5 %
Sk 2 i )G 2 AL 22 18] 04 O A% s e B T 4R
AL B R L K il LCF A i & B A5 205 LCF
PR EL AT 45 K B 8 U T 4 R A /N A B0 AL A% Uk
ANTT O SO IR e B L TR AR RT L YA ) A A
25, PUZH ML AV SO By 0 SO o T 4E 6 R o A
mE S i, ZEB B (D MAD T, H TR =
TR A LCF My 2 HRil T A 2, i D ad
AR LCF M B sloBE (8] A0 067 25 X5 SR 5 I f

0207013-7



ok E M bl
single
@ /\ mode
fibre
o B
n?{gfge 500 um 500 pm
= S /"“:‘"W‘AW_ :
weat glands» &
flat-cleaved

‘j/ 8-degree slope {—__#

11

z
/
<7
exit beam

OAP-TIR surface

T =

6 EA F Ay it i g r 2k B gsoR Y

vessel 500 wm

Ca) JLRE B 3D FT BV AA & b 4 00 4 0 T LA e Sl £ ) S TRE A 5

(D Z R OCT BULE; () # KK OCT UL K (D AKFHEM OCT ik &

Fig. 6 Probe with free form surface lens and its imaging effect® . (a) 3D printing of off-axis parabolic total-reflection

surface and optical fiber assembly. (b) OCT image of tape phantom; (¢) OCT image of cucumber; (d) OCT image of human hand
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image of human finger tip*”> ; (c¢) schematics of ultra-thin probe based on stepwise transitional core fiber; (d) OCT

image of human finger tipt”
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Fig. 8 Lens-free probe with tunable output beam' . (a) Layout of the probe; (b) two-dimensional light intensity distribution of

the outgoing beam under four typical parameters; (c) photograph and micrograph of the fabricated probe; (d) OCT system

based on the probe; (e) OCT image of the human finger based on galvanometer desktop system
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Fig. 9 Probes based on micro conical lens. (a) Electric
field intensity distribution diagram of probe based

on micro conical lens made by chemical
corrosion™™ ; (b) microscope image of probe

based on micro conical lens made by polishing and
grinding; (c) light intensity distribution diagram
on focal plane; (d) normalized light intensity

[18]

distributions curve in x axis"'® ; (e) schematic of

micro conical lens group in endoscope™
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Using GIF phase plate to expand the focus depth
of the probe; (b) its light intensity distribution
of the outgoing beam in water® ; (c) self-
imaging wavefront division optical system;
(d) its field intensity distribution in tissue; (e)
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