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Abstract
Optical coherence tomography (OCT) and confocal fluorescence 

miroscopy (CFM) are the two most important noninvasive optical 

diagnosis techniques nowadays. OCT provides structural information 

in tissue by detecting variation of scattering property of living sample, 

where CFM measures the intensity of fluorescence signals 

point-to-point in three-dimensional (3D) space, and achieves high 

resolution functional imaging. The two techniques provide not only 

spatial resolution with micrometer scale but also complementary image 

information. Therefore, it is an very important research object to 

integrate the two techniques into a two modal optical imaging system 

up to now. 

In this thesis,we use a 445 nm laser diode as excitation light of 

CFM and pumping source of broadband amplified spontaneous 

emission (ASE) generated by Ce3+:YAG double-cladding crystal fiber, 

successfully construct a two modal imaging system with 3D resolving 

power. By using Ce3+:YAG particle as sample, we verify the ability of 

two modal image integration, and this preliminary result demotrate the 

application potential of our system on medical and life science. 

We also perform 3D imaging on cultured human pulmonary 

adenocarcinoma cells and mesenchymal stem cells. In a homemade 

cellular structure, we find that cancer cells have the tendency of 

approaching stem cells when they get closer. By using fluorescence 

protein transfected cells as sample, we can make a much more 

quantitative analysis of this phenomenon with the help of CFM in our 

system in the future. 
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(2-17) (2-20)

0.28

0.6 445 nm 600 nm

4-6  

Position (�m) 
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4-6  (a)  (b)  

4-6

0.44 �m 2.84 �m

(working distance) Olympus

UPLSAPO 40X 0.9

1 �m 180 �m

 

15 �m (Invitrogen, #F-21011)

4-7  

(a) (b) 

Position (�m) Position (�m) 

FWHM=0.44 �m FWHM=2.84 �m 
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4-7  

1 g (agarose) 50 mL

1:10

: 

 

4-8 (100x) 

4-9

Fluorescence beads 
Agarose 

Cover glass 

Slide 
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4-9 200 �m&200 �m

10 �m 

4-9
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4.2

4.1

Ce3+:YAG

 

 
4-10 Ce3+:YAG (100x) 100 �m 

4-10 Ce3+:YAG

OCT Ce3+:YAG
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4-11 Ce3+:YAG  

4-11

30 �m

'L L 'L nL� n

Ce3+:YAG 1.82

16.5 �m 25 �m  

OCT CFM

4-12 4-13  

16.5 �mm 
25 �m 
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4-12 Ce3+:YAG OCT 200 �m&200 

�m&107 �m 

 

4-13 Ce3+:YAG CFM 200 �m&200 

�m&107 �m 

4-12

4-13

4-12

Ce3+:YAG 4-13
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4-13

OCT

 

4-14  

 

4-14 Ce3+:YAG 200 �m&200 �m&

107 �m 

4-14

OCT CFM OCT

OCT

4-14

 

4-14

4-15 (a) (c) (e) (g) OCT
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(b) (d) (f) (h) CFM (a)-(b) (c)-(d)

(e)-(f) (g)-(h)  

 

4-15 Ce3+:YAG  

(a) (c) (e) (g) OCT Ce3+:YAG

Ce3+:YAG ASE Ce3+:YAG

(e) (b) (d) (f) (h)

Ce3+:YAG CFM

(a) (b) 

(c) (d) 

(e) (f) 

(g) (h) 
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(g) (h) CFM

OCT  
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4.3 �

OCT

(culture dish) (human pulmonary 

adenocarcinoma cell; H441GL) (mesenchymal stem 

cell; Kp-hMSCs) OCT

 

4.3.1 �

H441 (Non-small-cell 

lung cancer; NSCLC) 1982 A. F. Gazdar M. Brower D. 

Carney (papillary adenocarcinoma)

(pericardial fluid) (green 

fluorescent protein  GFP)

H441GL H441GL 10% FBS

100 U/ml penicillin 10 �g/mlstreptomycin 0.25 �g/ml amphotericin B

1% NEAA RPMI1640 5% CO2 37 

 

16 E6/E7 (Human 

papillomaviruses-16 E6/E7  HPV16 E6/E7)

(immortalize) Kp-hMSCs

10% FBS 100 U/ml penicillin 10 �g/mlstreptomycin
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0.25 �g/ml amphotericin B DMEM-LG 5% CO2

37  

8 ml PBS 

(phosphate-buffered saline; 137-mM NaCl, 2.7-mM KCl, 10-mM 

Na2HPO4, 2-mM KH2PO4, PH=7.4) PBS

37 0.05% trypsin-EDTA1ml

5~10

trypsin-EDTA

(Z1 coulter counter®, Beckman Coulter)  

4.3.2 �

 

 

 

4-16  

OCT

Culture dish 

Culture fluid 

Cover glass 

Cell 



58 

 

(spacer) 4-17

4-18

 

4-17

 

 
4-18  

4-17 4-18

OCT

Culture dish 

Cover glass 

Spacer 

Cancer cell/Stem cell 
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OCT

 

4.3.3 �

(phase contrast 

microscope)  

 

 
4-19 (a) (b)  

4-19

(a) 

(b) 



60 

 

20 �m~50 �m

100 �m 4-19

 

4-18

OCT PZT 4-18

4-20  

 
4-20

4-20 4-18

(back scattering)

 

 �m 
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4-21  

4-21 8.8 �m

1.35 4-20

6.5 �m OCT

 

4-18

 

 
4-22 100 �m&100 �m

10 �m 

Position (�m) 

 �m 
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4-22 4-19(a)

OCT

4-19 (a) (b)

OCT

4-23  

 
4-23  

4-23
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4-24  

4-24

1.33

35 �m 4-24

4-25 24 �m

15 �m 24 �m 15 �m

2262 �m3

27 �m 4 �m

4-20 4-20 4-24
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4-25  

4-23

4-26 4-27  

 
4-26 OCT -1 

24 �m 

15 �m
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4-27 OCT -2 

4-26 4-27 200 �m&200 �m

4-26 4-27

4-24 4-25

4-26 4-27
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Ce3+:YAG ASE

Ce3+:YAG

Ce3+:YAG

 

6.5 �m

 

1. OCT CFM

 

2.

 

3. Ce3+:YAG ASE

ASE
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4. ASE

Ti:Sapphire OCT
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