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Abstract

This research mainly develops a new z-position oreasent based on the
chromatic aberration effect. An objective-type daekd illumination scheme is built to
produce diascopic chromatic aberration light, aimded to enhance the signal-to-noise
ratio. The xenon lamp is adapted to create whitat kvith continuous spectrum, besides,
lens with low Abbe number is needed to extend #ngrek of chromatic aberration, so
lens made of PMMA is as a chromatic aberration camept. In the proposed system,
the depths of samples in micro-channel is illuredaby the dispersed light and scatter
the optical signals, which are captured by a lowerical aperture (N.A.) objective lens.
After the simple normalization, the intensity ratibtwo selected wavelengths 450 nm
(blue light) and 670 nm (red light) from the scedtespectrum becomes a reliable index
for the depth information of the detecting objedBy: means of establishing the
relationship between depth and intensity ratio rgwbject flowing through diagnosed
spot is able to be determined the depth level bgxreferencing the database. By using
spectrometer as detector, delicate moving compeniemtlight filtering or electrical
stage for light scanning can be excluded for higkesl z-position detection.
Furthermore, in order to identify the depth levélsample with high flowing rate,

avalanche photodiodes are adapted to achieve dagedtion.



The experimental results show that the relationdlgfween depth and intensity
ratio is a parabola curve, but in this researah région which tends to behavior linearly
is adapted. The proposed system provides a linetction range of +1%um for
particles with a diameter of 3@m. The lens with high Abbe number only obtains £10
pm with linear detection range though, the resofufar size is better than PMMA. The
BK7 lens is capable to discriminate the depth ckaoig2 um micro-beads, note that
there is no limitation of depth discrimination imid system, because of the
measurement is achieved by cross-referencing tieardiline. The use of UV-Vis-NIR
spectrometer enable this system to analyze théhslegfitthe samples in flow rate 0.5
mm/s. To gain the higher performance, the two anghla photodiodes are utilized, and
the short(CWL=450 nm, £20 nm) and long(CWL=650 @20 nm) band pass filter are
also equipped to represent enhancements of blugeghday. The effective detection
range extends to +28m and has high linearity(R0.99285) after the optimization of
light stop. In high flowing rate detection, thisstggm is able to identify the depth of
sample when the flow velocity is 4.167 mm/s, thdculated throughput is 126
particles/s. It also successfully analyzes thetdeptflowing human erythrocytes under
the flow velocity is 2.778 mm/s, the velocity whitie developed system is capable to

analyze is about 5-8 folds to the conventional otV system.



With this novel and simple approach, there willthe quantified information from
z-direction of flowing body for bio-analysis, ands@a benefits estimating the
performance of micro structure or device in therofiaidic chip, also the analysis of
flow field. Except for dynamical detection, thisssgm also be capable to apply in a

open and static situation, such as cell or tissakf@ration assay.

Keywords: Dynamical depth detection, Chromatic aberrationrkBeeld illumination,

Microfluidic channel, Micro flow cytometer
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WL T H o AR FIE R TS it - B2 AR AR S i
PlEE g PR E[38]- ¥ ¢ LB G PREST I S A Bl sE 2 PDMS
SRR R BT 2007 EAAF N[39]c - K B ARG MRESN Bk S
BEFHFE o RS R AR UE T S AT G R AR R
PRI R RE o JIF P RS RRSTLAE RE SR AR
7 7R ) Howell & 4 @ % 5 i S a2 (7 = BenR E[40] 2 i

Yo 2-2 40 o ¥R T G 1L A LR 2 R RE R E Y e SR

o

F /f—ﬁ l—l-*?ﬁ’&&\pi: r_]/rl i;‘FI ) l% 5] Eiﬁ e 5 /n )‘*ij‘/u %‘1’7 _l’ A TE I

BEEE R A oLeed A A ANIRE R Ald A T + T 2 4 dhmicro-weirsz i

ERHEALE G 2R EFARE 0 BV 50T B R 2 Hok([4l] -

. Sheath _ Sample

A) \@ [, -.':a_

Chevrons ; Sh&

~

B)

1 Chevron ™ 6 Chevrons

1 2-2 *00nif o BB 0 7 F oREHE AR $ 2 e X E[40] -



R e Rt e ReH S R B P RN S RSk
RWHEZMEFFORHE RO FAHEREAS T A kR R LR o
TR N5 P R 2 Sea R N B Y RGBS B R TS 0 LR -

-~

Rffm A HBHERR > XA ERMELLE F L ERALIFR Y T D

2-1-2 HALH R

BEE R & BART R g TREY 2 F SRR RO R SRS
BAL R A A S B REL G AF Farniata o F R A k2
Wb o drR BoEie Aok 2 e pE o FH da A s 1.2~1.4 REITOK st 4
Hoo HITH A HH R B 0 RS F RS R R R BRASRP T
RELCBUR] » Jdel s S RIRE B K 2 BALTEP D R R B A
Fep HEE ARG Foarapk oM RTT R kA5 ST BLBIFET f T R e
WE RS GLRRFAGFEHALR S AL A S LR E B W

2-3(a)°

Bl 2-3(ays w27 i suff & 7 B (D)M AR 14 2 (C) ARES AR R e o
2

AALET A G A R 1P - A B P kAR - B TSR R BT S

kA - L B sk (zero ordedi o B oRiF AR R arEkd B i eng Bl i B



WREGEMEE R R E - B dor - o4 T BB ek
Bt arié b |g AR TF K Y cndic B 3 & (numerical aperture, NLA) T 5 ¢ & B ¥ i
Bk R o REARLTT AT o T ¥ % Boim Il Tk ] At m ALY kA e 4

FRLRL > S0 0 FR BRSBTS HETA S T ook SRR

11
=

H AT b2 kR JI P Bc R BT E TR S F 2 FRE PR

BT B RGPIRE B BB kgl R B kbR

T

P AR AART R o AR - MRS > BN E LA
AR BT A2 RS TRR 0 P FERFLFERT B AE L BB
TRV R 0 ST (R BB i R BLR] 4 iRAR 0 L] 2-3(b) (O) ¢ 4
SR RS AT & S R 2 ko r g I Pede N RRARA R 2 R BPa (TG OR K
oo P EERE o NABLE Y f'—]«‘hﬁ#v‘cﬁ“rﬁ ARG EIR R o ¥ G e;];kga:
Higr Axicon FEB-NH 2 FEP LA 0 4ol 2-40 P RAIEET LIERF S INA gk
B R[42, 43]; P EI0R 0 H A A - 7w kAR R IR il i i B TSk

B deirar e ¥ - 87 F RN RARPR 0 7 W RIH F TR SFenftst kL o
HRR @l REp - 457 BLEmkp ki k[44] -

y
Axicon Il

CCD f/_z- / Axicon |

=

Laser
PBS 660 nm

QPD  BS QWP  HWP

Objective 1
Condenser

B 2-4 4% - ¥ Axicon # & fd - Fou k4 E Pl AR & ok [41] -

2-1-3 & fp 4 R

4 (aberration)s iz 3 #rk & L % > 1 B F & 5 1 4 4p £ (chromatic

aberrations)? 2 ¥ ¢ 4p Z (monochromatic aberrations)¥ ¢ jp £ x ¥ & 23k £



(spherical aberration)= % (comay+ % i} £ (astigmatism) # © ¢ 4p £ 3 & 3 4 > 4%
AR ERRBP DEAT NP FAEY LRERF IR S o B R
SEBAEFORA AT et HHET b endTi Gl \EEFTARAT DT R
Frottadics 2 e o heB 25577 0 B & B A AR ek L T R e e el Vo

modified Caushy dispersion formu[45]:*+ & :
A; A,

n) = A; + A0% +}\ +F

A, Ay A5 A, .. 5 ¢ 4% % Bic(dispersion coefficients) AR 5 skt £ 0 H = 5 sk
(microsy @ F1H #r4F 376t G lcen? ok L BRAEATREGDE RS TR o
WHHR R o 2 AT KD SATFR R o BH R TF - b kBT
i H nH F4(singlet lenspF » H 6 sk d 2 e sk it B o0 cndT it (Rl
NA) > 7 e enddf ilicid 2 3 b & Pkt 2 b enBEE LA 2 T 4

fe 3018 5B eh R B 0 4cB 2-6 -

1,75, =
\ ' 1 Flintglos
\ \ 2 Polystyrof
t N R 3 Quorz
» \< \ ¢ Acryiglas
3 165} N s =—
ic I
s 2
] T —t—
b xx&h— ——
[+ .S\ b
L3 T ——
I
% 200 40 S0 &0 700 800 nm 90

Wavelength

B 2-5 % kit £ $H4p B 4 F 2 375 % #<BI[70]

, Axial chromatic aberration /

A

Bl 2-6 0 £54&7 /4 i dhe 22 EIEL T LR

10



- EEY O FRIEFRE AR RE T R T o BEBRE
Aok R ol et Gl BOE R RGB0  0 KA Aok Mok
BLIR G AE S k4 fz(dispersion)[46] @ F1 7 el K2 BEEA €3 TR G A R
§ogss o WL I AR c TERENY FREL(ER)FE T GIHEHE B
ko X A H R BT K KB (kB ERRE) TR RESEHELELI B E

2

2R EE T kS frEFlanTh 0 27 d lens-maker’s formula . ¢

1 1 1

=)o)
Ry A Rp s W G H A B2 378 Crdicfod 25 2 7 Jret hlic s K chdodgco
P N mEEL AL Ehddic f (N ¢ LM ET A 5 dhe ¢ 4p A (axial
chromatic aberration) % # + ¢ 4p % (lateral chromatic aberration) # = 4p £ & 4 -
FRAHhe d LA F2RPAR RFELTE SRR B A > e L FHM
FE AT P E I G R B R EBRE T A RE SR AL h o

R fd kA G G A ek d o

FK  fluorite crown T
| 9 PK  phosphate crown o /
PSK  dense phosphate crown | s /
BK  borosilicate crown ! /
e BaK  barium crown LaSF /
g SK  dense crown = /
= K crown Fuley
o LaK  lanthanum crown = - /SF
~ SSK  very dense crown + PR | “ 2
[=-] 1 v 8 BalF  barium light flint | 2 2 - L
L sl KF  crown/fiint . & i y -
Il LaSF lanthanum dense flint [ T =
= LaF  lanthanum flint i LaF &
— BaF  barium flint jwas . e =
BaSF  barium dense flint . /J/ .
= LLF  very light fiint LakK P - .
= 1.7 o tigntfin | - ,/ e g
w ’ F  fiint 8 - L )
(5] SF  dense fiint LAl e BaSF ®
'g ZK  zinc crown _—% = L .
KzSF  special short flint IS I
Py 2 / | S SK| BaF |, =
g ° ‘ .‘_ - , - /@
. W E /
= 1 6 *SK | ’ = .
#] PSK |*e . L F
E 2 o'y éa L H o ;
b5 o | ABak|{ YL,
=2 ol 8| e K LLF
1.5 . K|z 4| KF
. L
FK

90 80 70 60 50 40 30 20
Abbe number V

B 2-7 LT H et T3 b A475 it e | e TR B - [46]
11



d5dhe § AL G EREE R TI khE o HT AU R @ g 4 F
“ﬁ@ﬁéﬁm@w}&ﬁg%%%%a%Jﬁi;ua%@@ﬁa%mwia,
PP f - MR E AT kA g g B “,f dARA MR c HHEEHELT
Bk ehiF L o 7 ;‘gd - L W4 12 & 7_Eenst Abber _s% #I* | #(Abbe number)
& E V-numberi® 2R EP R F I A LARR h- AR > U (FL R AP AT
A EEI LTI AL A P HEFOEETHEE 2 b ordr it ik
BT L Boaupl T L BT &k 5 [47]

ng —1
y =3

N — N¢

Ng> Ng> % nok % 5 2 F{cF s (Fraunhofer line} & d-»> F-ru 2 C-ajt &
(587.6nm~ 486.1nm2 2 656.3nm) T4 s et b e A R R Ak L > B 4 L eniF

PG ART PR B 27 5 7 TR R S ST H B B

Achromatic lens design Apochromatic lens design

Light rays Light rays

Lenses  Sensor Lénses Sensor

Bl 2-8 (z)if ¢ L3 8 (v)Hi ¢ 2285 T LW -

PP R G fRT R AR B LS ST Y LR 0 R B IR
Pficenffl el > ¥ g s 2 PP B fics A0 F2 S s REFIRE § Agii 2
R FL o 3T A phe 4 4p £ (primary axial color, PAGH e » 53+ A+ & John
Dollond ~ Joseph Listerf= Giovanni Amici 4] * 1 § .33 (crown glassi % 433§
(flint glassyt= e} ¢ £ i% 4x(achromatic lensk 7 c 0 o Flf saddrid F ] » 4

AR S A GRBITHF ) > FARRENT G RAFH- L o T EF T LR

12



WEBIZ § ARESAET S TT A Fline 2 Cline 2 4p ke EEE- 4 4

%—*

SR A PTG o] 2-8@FTT  BEAREBHRELT LR ERUR Lk

A PEFEL L A% RIS BFRriR B RZEFRD > S EIELREHFL - &

f#he ¢ 4p £ (secondary axial color, SAG){|* 51 » ¥ £ enf B IF 2 £ §F 43053
(@bnormal flint glassf B % 408 5 ~ B & 2 & Jrit i S e & S ord enz £ 1%
& WA ¢ £ 3% 4 (apochromatic lens)[48] 7 #-4 % £ 2. & 502 5 3 2 F-line
12 Celinedp e > 4o 2-8(b) @ 4} & LJET b PR G ISR G AL

/3]"::‘;37_:1;:_0

2-2 Ap >

2-2-1PIV j s R EEP B+ 75 B

PC control

aser Light Sheet

Fiber Optical Cable
. Double-pulse YAG laser
=Channel width
g -n Oi: [:i p:]l or Argon-ion laser with AOM

Bl 2-9 i 5 PIV 32 % 7 & B[49]

B2 FRRAER 2 fImp o B VIRET AT L7 fRAF RIS
BEERHIE I G B APTE DR FIE R s 0 2T
FALC RS2 A TR A A B R S o B RER AR P BORIR SR X
Bup B H TN 0 AR S RIE - T o P BT YIRS AX 1R AY
AL IR B E e e B B AT R Ate A B R Fread 2o

13



iﬁ*ﬁvﬂ FHHEE G AR PR EET S ERE RS R RS A
WA FE gy s H R ST 5 o

B 2-9%: & Al enPIV % 1‘?*“ KE PR BT 2o LBl * § arg & chCCD/ICMOS
HijAs 2 H 4 FeHiv 5 kR B F 5456 Fl4ok % 4 (cylindrical lens)s = 5 - T
BT ECEE oA TRk T AR ARG o 0 2 K,% R 350 &S Arag A et
# 5 Nezu)z 2 Sanjoui * 2W g &4+ § 4> T HBER QB ELA) 8- L3 B R 5
2 mm 2 kF[49] 0 (4T KT R EE BRI MAERRS B A (XY
plane}fi=# 11 2 FiEE § PIV T & = 2 GrrRE @RI 7 jpd LT ATRP 2
HHF @I B A ETa Mo d R P R S NRP A HRT R k|
B B R RAR T & 5 0PI B B2 B iF(depth of focus, DOF) # i & % PIV
WORIH TR E S R o T E AR BN T 2 B R A% 1-10um

R AR ABRERBERAEDT LA -

PC
Mirror
—

—T

Micro-channel

Delay 2enerator

)

finge pump

g

Obhjective -
lens

CCD camera

570nm | ass file
—— nm long pass filter

Microscope

¥ 2-10 & * micro-PIV $t w2 % #57 1. B[14]
Santiago% * »+1998+# & * micro-PIV i ¥t = < ey g8 e 7 14 Jpl {4 [50]
Wis T ELBMESFRE LI SR o Aol * ek KR BRI
[51] ~ § Zeds in H[52] 7" & % ;%% i Zp s [B3] hpicin i i B A 4T % o Ak

micro-PIV i ¥i4c® 2-10%77+ » 2 & @ * Nd:YAG 7§ #(AL £ 532 nm)z ki B p
14



BB R fe b ¥ R RCF ¢ %k (absorb lightd=542 nm, emit lighh=612 nm)* &
EHTRE > e B (G570 nmYg T E & R4 CCD#PF i[14] - v g 5t
R B R RR T o A E N R H - F T B BRI B

P e 3T ER L R FER > THCERF FARRE Y o R Fldegt 0 Hie

4y

Soparw A RRE R ol Ttk S 0 e G R ELITIR § S riE
ek itk T R 18 A el oo MiCro-PIV Bt T B & B L gt 1 24 %5 & F5 e 7
a2 PRt ® > LT VRENMKENIZE SR PR ANDAYT O T
B R AN R RIBEREA 2 > L5 nano-PIVe ¥ Zrttner 12 2 Yoda
L F 1 4)* Brgrd (evanescent wave) & PIV Bl ¥ i RliT £ w2 3K F sk
+[54] - Hig 5 l* F AL - F AP > F 5 Kk (total internal reflection
fluorescent microscopy, TIRFM) st#7 & 2 crbrigrd $HHE 3 P 2 oF & s F o0
BLiE B~ 7% 5 o (electro-osmotic flow)r % & A-DNA =Lip|[55] - B 2-11 5 > %

I BE a4 ST e £ 4 48] TIRFM k stehnano-PIV i el 2 4 -

(a) Objective lens, 40X, 0.8W (b)
Glass slides  Flow of microbeads 4, PDNS Microchannel Oyficul Sowr CySndnicalmicsslins.  Pris

I N W —

T intoty  TIR-based Ghip

;'\iﬁ" momm

_75_5‘_/ .! . = [ YA sk Ty TN o T xS e e Sl o AT AT
v e — .J WD = ~170 um

I DNA Sample Evanescent fi { \]

Optical fiber Cy al Prism E nt fleld Glass microchannel Objective lens, 100X, NA=1.3

Bl 2-11 7 e B i & o™ $ 4073 TIRF 2 PIV % ’}% (@) w ;" ks (b)
i3] = 3N B pc s [54]

"EEF AT R B RO BT AR iEE 2 | Ao
T ;oo = mamicor-PIV i SeenB g g2 £ P AR o R 4eamicro-PIV i ki3t
+ &8 o (X-Zplane)# cdF Bl E E g * 0 FIH TP~k p B BEF Bk & e ¥
koo R BT EURFEBFIPN KT G (XY plane)iaiz B o0 e @ B (T TR E
(defocusing}e+ e p] » g2 Bl - PR P BF LI LE o i o &
o P R G R ROT AR PE o TR AR B BT R AR

L7 A& AR R RAL -

15



d 3R - AL RIS BB R Y AL 0 i B T L
kisg < F BRAPBEHPI G L LRSI TS e R
1 o X e B A ch R sk 2 B (optical sectione s > H gy en R G snen#
MEs B S v Rend B e o BN T @ B LA s 1T 5 micre-PIV T 5 [56,

57] o e §3einde cnth A enf7 L BRI U R R A M iR R Y2
LR BROEFENEASEZ ST - Th R T A RO T R
B Pl > R R RS o d b B R R B B R E R
R R T 05 msp RS H - Ba hfih o REBEHJEGIITT IR
Wplenp e fie & 45 5N & e & B 4 (spinning disc confocal imroscop, SDCM) »
HfpAschy BFg Fisre 2 5 BEA Ok S gt R BRT Atk B R R N I Aok #
TEDB Z R R o 3D B o H 45 (Nipkow discy> 5 @ & >+ & 5 7 3 20000
BrcE &> T &R 200001 /25 5 50 um h4-3t (pinhole), # & 45 % & 4 &
frf bt ek [58] o Lima % 4 @ * L2 7 iRt 100x100 pm? 2o e i R onds 2 i
w3 miE X 052mmE ;T H ki B Z dnenfads B 7 i 1um[59] > B 2-12 R

= ZF 411 2 SDMC # 45 LT . B o

DPSS laser

(a) Square micrechannel

(b)

b= ") High speed
. . - = = ' camera
Piszo driver Pinhole ] £ s

Pinhole array disk

o —
Nipkow disk)
TI01 ¢
3 I loessos I
Inverted microscope

scoanner CSU22 Desktop PC

. D Objective lens
DRSS laser = /
TTL pulse irigger
- & L
Image controler. Dala transfer it 2

B 2-12  (a)SDMC micr-PIV i s22% 4 (b)Spinning disc 14 2 1 17 &
27 & RI[59]

FORT FEMELFHGE R LN RIS S L E P PP
H



& = ;% (defocusing digital PIV, DDPIV)[60} % i £ (astigmatism)[61} /* = ‘&

PIV ifip]= % - Yoon 2 2 Kim & A x| % £ ¥ + = gt iz 7]

W2 RN E RS R Mk BB D B2 BT T S s [62)

bo@l 2-13(@y T o MR E S ot 3 2 # (Z=0) R F BB A Y & FF 0 3D

Sz A A2 By s F GGG TR o TR 7SO e A A oD
= A ARBIE » kRGN EE S o (Zdirection) iz B oo R AL K

PEA-EARA FHEAMEFD R FRIPEPF > HFL g B o Hf

SRR RS RS T R R R R

(b)

¥t ® kg & 1% B,

CCD

lens +

b/
2 R
cylindrical lens

L)
i (Reference Plane)

B 2-13 (2) 1% = 4434 #rim & ch= & 25350 4 £ A2 R 245 Z dhi % [62]

(D)L T £ 3 T 2 4p B &+ §IBR Z ik = 2[63)]

o crd ik > LRI 2 F Lt SR B RLR ¥ - B A (first

focal line) 2 % - % _E #(second focal line) =g’ ik k b pF2|dr= B> w iz ¥ o

KE JBNFFRLAIE B RAPpinG 3 ROREG o oS hife g 17 R

TG Y-Z 2E X-Z g @ h F e Ak o B k- {6 54030 CCD H i -k A

LAk ;ﬁf@ &3 7 T g o7 e ool 18 & (Y-Z plane, @) % & (X-Z plane, §)

L= ;‘;

Kpgsnd stz Zgh 5y o 4oB) 2-13(byror - Cierpka® + @& *

el a et BRI ARG 2@ e R e o BIRA B RAL

4 1um[63]- 3 = )EJ%B’{F Hopl B 2 HHE 2 micro-PIV i suat 10 4o @) 2-1447 7 [64] -

ZOARIE A I U F I ¢ ) (=15 mm), [ H ek R oo HRH okt

17



(signal-noise ratio, SNR¥) # i< % ; 2% micro-PIV = 2> R & & 58 R B8 » 7
Z SNR=90 e " £ B (T ¢ B FIEF Fe < A A3 Gofpitifd i
A g FHEERP LY AT RBAERR ~ T RPEE o P F2 @ H

- p e o E o BT d k2 ge o B SNR AR F 3 & AR G - o

mm
g | = standard pPIV
o .
- L]
w u

e ® B 4
"R "R g g @ °

og

v .

v v \;

v 5
three pinholes

z/um

Bl 2-14 £ % micro-PIV~ = ¢3¢ DDPIV ™ % £ = ;* 2. SNR* # §|[64]
FIMIRGAGSFEE A ey R U HZ WPV A G2 AR R
e d) o 4ol 2-15(A) - 2009 # Choi & 4 & ) #-5 s+t » 12 PDMS #7 & ih
HCinag kS o drd A A5 & B AT 2 el FAR(X-Y plane)# 0w R
& BIAR(X-Z plane)d’ i » ¥ 1395 54 kg jo & & (optical path length, OPE} i ¥ i
poef G BT MR E[65]c 2R T A F I RE A E SR E NI MHRTE
e H R Sk R 12 H FIDOF R SRR Ple B > M 5 R
hRY L o
4 % sk h B A A4t (optofluidic microscope, OFM & # /R it 4 i
(pinched flow fractionation, PFF) i 3 on-chipsromicro-PIV[66]: 4= §] 2-15(B) 77 °
OFMi & % 2B AW (A EHw 23P )L &% CCOR R BRI 7| 4p 4
Ren=x Bk 3V R 1T 5 ~ Sk v i engtat > T & Ba It 2 S (s
I3 2 PDMS %)& %] I in 83l g > Se U F R MU E TV RE TR o 1 A
Bk R LI CCD ot P i@ PRF> 2 AR ER FEFT T AL

AT ERY o e TR B ERETE o Z D v R 2R “”’ﬁ“
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d % fp 44319118 7 i E (transmissionn+ | £ TR S @Dt E o £ BT S

\\?{r

&
G R B EE T @R Z A R G L4um 2 & B pliaiE 5 0.08 mm/s ¢ %

-~

HEER@E > T EE R E - f Y B Z e B % A AR

=

FEFFFIT R AR EE > 2 KR HOYE Il A R AR R

(B)

sﬂiﬂ' of the DOF
fnr the sideview

DOF of the
(A) virtual sideview

Recording CCD

Lens

Objective. 10x.
NA=0.3, air

Device

Residual
layer

Mierofluidic
channel

& virtual light path
+ real light path

B 2-15 (A)F S&L5 & » e i b micro-PIV = 2 28 1£[65] (B)OFM Ji * ¢
Mg 3E B micro-PIV = = £ & [66]

Micro-PIV et v (8 B A i B cheF chh F kR 0 £ 9 32 T G enil

2

R g ot eni= B R B R 2 BB RIRE T BRER R R

B

S ErI 2 @ % CCDB~ffuin™ i » SR A md criidoe s § iRl b enFie o

2-2-2 ¢ ApAIFREFRIRY

EEHMCE S B 5 A 3D Bk fa B BRI kG - e
WE o~ BOFHF KR ST 0 V- BRI AR T HERE E S
PR AT R drm o B8 Bcs gt TV T F SRR RE B B g stk T 4
Aot ARG Bl d B P4 Rz BT RN AL H
FEEMBAE DS ] 58S hiTr o @A E BT R R A e TR
Bindfdy 0 Pl BAFm i RS ARSI o R AR I KR R AT o B
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4o F G B AL g > Ttk - RE T g g7 f BLR L T fe & f H(slit)
Befl e ié b 4RI Arig S cnR PP R 7 KRR o B 2 3t a & 2 3% iF <1 Nipkow disch
SN T G ot MR TR R o m(XY) T G I end ¢ mre i T de R
H W plig & 7 iF 200 nuclei/s[67] 7= 3 = )’%iﬁ Wiy Aide - o kFmes
@ ¢ * Bk 3k i % (acousto-optical deflector, AODY) 5 = ‘&L & s = » ¥ E 7>
512x512 pixelsg: §f345 & T > 191 frames/siB~ fi# A& [68] » *v— 47 % (i B
vOREIR onk e B R pied > - e e B X 5 30 full frames/s @ fiz & Nipkow disc
% %o i 360 full frams/ses § % 5 1 AN XY T oadFfmiE R o et =
AT AL Y Z W B E OB E R R R fRITR o R E RRHOEY 50 F
WHREREE X GfEAY RABRRY S AR E R REH/ B 22 CCD
e ffad B L R Bz R S e TFIEE 0 Ft R S R N R A i)
mwmiﬁwwéﬁﬁio

V- ima B4 424 & b B R ksi(chromatic confocal microscopé)
PEA AL 19, 69]c ¥¢ L EMME LR Z B EI AR T F (L)
Bew R HriE o HA R RREINT Fhhe & LK o o g F R ijaE 2 o )
Ffhe d R BEREREN ZiFRRIFR 7 EAEREN R e P RF
FRZRSEOE o PR BRR Y FH T SN A IR R Z fhen 3N
FROCHE G A KRR R T A kg BFRCUCSD et 3 B B O 1 =R
A 3% 4 (Fresnel lensy 42 ¢ £ g & 3 pcsecniip * [70, 71 F1=2 2 4 7" = i ~
E o> @7 EPAEmE £ P BiERE - T BRIRE 0 £ X B B K
BTAZINMAL REFRFEDEF T LI R AF R A 100 nmik £ R
R0 A0x{r G F iE 55 um SR R IERIF R 0 @ 60X BLiER 5 25 um 5 3 R iR4T A
(full width half maximums, FWHM} %] 5 2.52um 2 2.23um » $2¢ = §= & Ak
P A & § RE R I AR A i S I ATk § 2 i gt b
ik KRt BB IRAL o F 1T 5 KRG saBkuk 3 (speckle noisefR A

AR RAE T3 ORI E e B R T R R Z phIE R R R
20



#f fle o2 kdn 41" Azl 4 5% (<6Db 19 1000 nmYi k iF 3 kR o #
ORI B 4o [72]0 2 Ao B 2-16770m o2 4 & Tk (R ) UTHRB R R SRR T
BvEzFREFALZ Ium 3D P ieq MEE A% LED=Z Rhd B2 09 %
Kk SEERE LA AL e d ApL o HHEE - GFPNEHEAFRF Y

4 (depth response curvefd & ¢ 2 JFAE F Bd R 7 EHBIER 2 AR G

B P E R ERPEN P RT] f1T TS H RIS Z DR T

Wi

Bt 5 - ok ot EEIRR OB 0 £ FRF A G B T IRITR B0 G

% 0.5um~ # % 1pum e

Photonic oL, BS ~ oL,

l Crystal Fiber U A

Femtosecond

L L;
pulse
Sample

oL
OL;: 10x Objective Lens “\\
OL3: 100x Objective Lens (N.A 1.25) 1um Pinhole
OL3: 20x Objective Lens OL4
OLs: 20x Objective Lens
BS: Beam Splitter .__
L;: Singlet Lens (FL:25mm) ‘ (il F =
Ls: Singlet Lens (FL:19mm) | =®
Grating \
L cCcDh
B 2-16 474 # 4= £ R HCE 17 R WI[72]
£ BB R R AT L SNRy A 5 SRR RELE <) o bilde

TERE N E S BRI aATRE RN AR TR o d AR e BB AEE Y
EFf WL AL PRSP RER T I RRTARY K- R L
MERLE NI R MERPIE > BRI R Y PR EA L K o
FoF gk Z Rt R RAd R R s B - LR P URAR Y

Bk R KRR EA T R HE T BRIBEF T o B A4 i
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Bk r - BB KR SR E P E o AR ER R 8 KBP NG T
so K SNR M E en® i o F]Or 0 Pl Bl 5 Btk A erdgdtk > v kT L kK hen
28R P > 3¢ (bright-field illumination)d # £ 7= ¢ & 2 §3&¢ > @ “TE M GLEW ET
o G AT BARD LARITLABEP SN I AT RE P THE 2 AL R

P R E TR AL RARI[74] B BET A AFEIEY 0 NA

=+

SRV M AR A o

FE L R TR N AR 0 4B 3197 ¢ e f - PRIk
REE > > MIMEEP A FRAEREN AR FREE > FaR R AEE
BRI R 3 PE o RATS N B K R A dTiRE 7 R F CRH R AU [T 2] Y]
Pk inde e 2 F o AR ~ A DE B2 Bl iE > Mt

-

It

7 g R it o

3124 R R RA

AL A B R 23K - 5] 2 3N K #cs(Eclipse TE2000U, Nikon, Japan)
oS BAC R 3-2(A)F A 0 TR A E R FRR A AT e ;
THARKENZ AP EFER o 2 RRT i TR RS T > FTHEN
ORI AE SR S REN R L Y RAENT A PRI RS > 2
LR R ARSI T RET G TR AN o ] 3-34 5] G454

FEME G EaR T L o AN ER R TR k£ # (%) 400 nm~ 900 nm) iz %*
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B 32 (A)F %K EM[EB (B)F Zins & i Bl
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15000
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E?2000- 1%
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S 1500f 18
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WL EFR MRS E - SR (Lens 1) #r bt kI 4Ts SR s o 2

)

BEOPFTEIApLN A TR R 5B AR A LS Ry

Pk B34 LRESEDEIET L 40 mme B AL 40 mmrziE E o~ sk

24



TEREET e B nE I BFHORE T AT 4 AT R TR e
AN (S BB TR 4RIV E IS 5 lmm F Agis sk S d K BH4RES ~ BT Len2»
Ber SRR EFTE R 2 W ERA Y o RSP > RFL BN EFE
Mol R UEG i T B AR TREEY BT 2 d fek T 2
B iRk “,fﬂjsk Zou ki » I 0 F Y B BcE 24 4 (CFI60
20x/0.75, Nikon, Japany ¢ » &+ & 3 4r ; T > B| 3 M #ic B T 4 4 (CFI60
20x/0.45, Nikon, Japany# i # »> ¢b F ke arah &k 2 gesn 3 i 4k & F]3r g g poin
ORAE G R 2K B o S R A D T e ?ﬁjﬁai A TR A
(P400-2-UV/Vis, Ocean Optics, US&) » UV-Vis-NIR &3 i% (HR4000, Ocean Optics,

USA )& 7 4 47 » fie & AJ2 30 48 (OO0IBase32, Ocean Optics, USA) & B -

+50 pum 1
£0.8
+25 um g
=
=06
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@
N04
-25 um E
c0.2
=
-50 um 9 - | : ,
(A) (B) 00 500 600 700 800
Wavelength(nm)

Bl 3-4 (A) # 5 224k 20um 3 34§ Z 3T Fk bR 4 7

b i B 2 ATtk g i B2 ,g,\_gi? (B)H %37 5
He » 3 5;‘}%1}[":—%%&3’; ,;‘i REBERENE “i‘\—J-I'EE y A f ) ¥ - LAE lﬁa
EYUZ 2B T 5 Y Ric L Wt d oL a i o~ Bk EiEn
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BT pcR M # R 2 ok (non-fluorescence polymer microspheres, 20, Duke
Scientific Corporation, USA) I & sk crsf 35 1 2 Sk (7 5 38 (7 3% 5 0 4o ] 3-4 9777 ©
B 3-4A)5 M EEL 2 R (Fimg) ARAKE Z T Se b s T BB
CCD #tdp#z Fiif o @ Flo ik & FI4T5H G et > BREE » REEHMCEE L > 4
FaEk s dp R B0 Kb K FETR S ] o PR R o R E T 2 R
BPA kg d o Et T R ERP ook Ao d k4 £ ehfF 3 oo R 3-4(B)F K
FRCHTT W FIFRECEFAAREAE L LT Y Z fhendn > B
k7 s A2 EA(blueshiffion g ; B¢ » 37 LELTS > L3R F P EH 4

iF s A FRAG TEOEL o NIRRT AT 0 A BB PRERHRT

3-1-3 & * @i

(A) Glass cleaning

(C) Lithography :

(D) PR developing and
glass etching (H) Fluidic chamber bonding

Bl 3-5 rin i mre i ¥ WITIART L F
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?] 3-6 /ﬁfFl- P\ N ']L;R;‘Lu 5 '? l(f'-%nﬁla N é‘gr'g]

B 3-5iF B A 3 dmre B ¥ enl] (T AR fie £ e £ — Peid gL3g & B AR HNT5]
Y- B v R 2 U 7 (76%26x1 mm, Marienfeld, Germany)s & 5 A & T
PR MG B o § A Bl ¥ iz ie ot £ 4 2 Piranhais it (98%HSO; : 30%
HoO,=3:1)104 48 > 3 5 B RF BREPH T L6 25 B 27 35505
% (B 3-5A) - s #4%- & % 2 hexamethyl disilazane(HMDS, J. T. Baker, USA}
PIH LR K2 AEF R o R F L B K 3um 2 1 ke (PR, AZ4620, Clariant, USA)
W TR BRI B Y (B 3-5B) MR H T R RIER e RERIEZ F
B3 ¥R & R sk 3] s A (lithography): @ * kiR 5 g-line(365 nmjg s fe e
feid A2 BB R o3t Fo A8 4 (R 3-5C) ¥ # * B ¥k (AZ400K :
DI water = 1: 3)%t 2 k% 2 BI*E % 3 12 » 2 BOE4 %% (6 : 1, J.T. Baker, USA)

2% 40 4~ 45 0 EEFA S 36um 2 ficp i (B 3-5D) iz w2 g A
% 5 500pm > f6 3 R ERE R 5 200um > hof] 3-6 1 B TR L gt PERiEAR Y E
RS A AT S LEAET 2 B8 > &N E B AMKRS P B0 {s 2 IM 2 HCl 3R
B 104 L mm ey o 59 57 @3 Rl 2 E i T e JHE A
SRR ERER Y N L A BT R E - hE R T i A iF

Binig A2 RS 1% HE2L & F 1 49-k7% % (KOH (49%): DI = 10: 1, 70C)
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e oo ow
% % & 1% 4% (optical plastics, OPs) & & % s

A Ar sl %,
* K ﬂ;—/]c§ /ﬁ‘

Bt ks & 3L A T AR A Rl K AT 2 37 5 1% 4[45] - 2 7

PMMA(poly methyl methacrylate# #Lc% #3385 H F e E g s 4 b -

S PMMA 2 4055 ¢ L3412 o

WLs(nm.
Materia 435.8 486.1 587.6 703 833 105
PMMA 1.502 1.497 1.491 1.486 1.484 14
PS 1.617 1.606 1.592 1.582 1.57y 1.592
PC 1.612 1.599 1.585 1.575 1.570 1.5¢5
Polyacrylate 1.507 1.500 1.494 1.491 1.489 1.4B6
Polycarbonate 1.597 1.587 1.572 1.565 1.560 1.
Polystyrene 1.615 1.604 1.592 1.582 1.576 1.5§¥2
Acrylic 1.502 1.498 1.492 1.488 1.485 1.4
% 3-1 - BERREEEM T AR & T AT R 2 475 T 8[45]
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Plexiglass (PMMA) " BKY7 Transmission

100 1
%0
80 g 80
E 70 ]
B & 2 60
2. E
5 g
g 0 & 40
= o "
£ & 20
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N
8 0
(A) 200 50 300 350 400 450 500 B 0 300 600 900 1200 1500 1800 2100 2400 2700 3000 3300
Wasvsingéiine) ( ) Wavelength (nm)

B 3-7 (A)PMMA 12 2 (B)BK7 2z 7 i k¥

d 25 kH (Bl 3-7TA) PMMA # e 34 ¢ sjcmit £ 0 Wik &
370 M 7 % 4 % 50%; &3 REPT L FEF N fp L 2R T )
a4 i 2 Caushy’s dispersiom #23% 2+ & 1 587.6 nm486.1 nm 2 656.3

2 ¥ AT Gl 0 F 2P LS N F Ao PMMA 20 d 4 kB B 5 T As
2.399964 A,=-8.308636E-2A3=-1.919569E-1A,=8.720608E-2A5=-1.666411E-2
Ag=1.169519E-34|* Matlabi&f & #4835 i ng'ng 11 2 nc 4 %) 5 1.49141.4973
71 E 148796 4 ~ 0 B ficdk 7 N B V=52.60 Bt ApE MR ficehk 8 3 o
Foorg Y LR EF A lens2d 4L 0 B 5 BK7 i {7 4 473 5 0 32 300 nm
2 ¥ mEnT EF (R 3-TB) 2 E T F P L #kci V= 6417 P H I 4p A

# B4 PMMA #7254 -

B 3-8 ghre 4 Ap L B FH A E L A fET LW
ERMF oMK 22 HF A HPMMA H TS S8 7 4 i 4 I

Flétftphe JFR 8 DR A T he J fi 4 5 A RFEHINA O e

BERA A 5 IEF R SEEIE TS AT PRI SHTIERL | DS
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1 101 1
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%: 1/(g—1)c ng B4 F XF 2 355 s> BHEF 07 L k9 L o ritsk d
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220mm> BFEL 40mme R R #kc i 52600 E s Akz2 ¢ £ 5 190.11
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B39 BATEM R ~ 4Lz F¥,L40(7 5
THEART Y B 3-10%% 0 HiEs MatlabB 5 22 7E Y - F 4 4k

AR e R R B (Do) TAcH 2 KB Sk K RIS KA R 2 > RN
FoRPERFTE-GEFLIEALAL > TREN TR Dh2 AT L S
YR ERERTER- L THETFIFERZBARE G S Ly ok @ik > g pF
AREN I Dh2Z 5 BR%it s P FlE X 2T EERAENWL ST M
7 H - =t e 21 (Normalization 1o B~k 8% 5p 2 B K 817 5 %3 g
(reference) = #-a L £ 2 3 B %14 Sy~ Ly A W% 12 %4 8hb2 55 B So~ Lo 7 5
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Rl EgB TES/IL L RIEATHMA S { S HE o T i
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poeneh o B F] R SLE S W B ATiE R R R R r SR R A Arid S et

EV R ER AN FAORE RG> pE 2 R A E AT B F

Intensity of Short Factor :
All spectrum from ™= wavelength, S, 1. The difference of intensity
different depth, D,, from the reference point
- , 2. Chromaticaberration
Intensity of Long
wavelength, L, \

Normalization 1
Eliminate Factor 1 :

Normalization 2

: Adapt Factor 2:
Linear Intzf’]sit;fa?jg Divide by the intensity of
relationship: ‘ « reference point, S, and L,
D, V.S.1, o/l
il Li=1; 81S,=5; Ll =1,
B 3-10 ;& & M pl2 & 12T 7 B
- § - T . " - o
1 = : g3 0n,
=B 670 NM o A =,
> B 450nm & & 2. B,
n s L] u.
C n ’0 ¢‘ ‘n
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-50 -25 0 25 50
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FALAEBEAFBRAMEER B 3LEFTARAEL NI FRRECEERAEASEE TP
Bg Mgt R PFo670 nMsE R B % 0 F N 53t 670 nm2 £ R 3 0~5um;

@ 450 N>t 20um At B A IRE R 0 B EEEX L 20~25um oo L b
Tt LR 2 SRR 20pme B A F ot BT 2 M R D 0 20pum
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FEAR RAR L > g S22 A F o BIRER R U E B AR A AR R AR B E
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B3-13Elk 2 EhBAMBEERF NEEEFTE - LR LFRP EFRESE
Bz BEit %

FPBhed v e o el R R AV B R EERMA 0 B2 v 450 nm

2 670 NMz B BV M EVEIIREORMERE L AR AT AEKRUE kT
FPIAZTFHE AL T uEN{ FLMEM G SEF ARG AT T
W R TEE R e LRI EREEE > AN FEERL 2 15 um s T
B-15 pm i B sk R 2 kUL R o DT H Y EER YT Rk ) AR R
WP R K R g HOF R o B 3-13 21 2 A EE a0 3-15
ZFREER A AL R RMBE T PR 15pma e Rt T AR
FR A 15 um T LR R 3 400 nmi 450 nm P AR R T R 0 A W A
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B R EAR L N ER B +15um 2 SR od B 3-13+ 27 A
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g R AR PRS0 A 450 nmit L k£ T T I RGE L MR
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;.
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[FileName,PathName] = uigetfile(*.Scope','Select t he Scope-file");
AllData = importdata([PathName, FileName]);

n50 = AllData.data;

[FileName,PathName] = uigetfile(**.Scope’,'Select the Scope-file");
AllData = importdata([PathName, FileName]);

n45 = AllData.data;

[FileName,PathName] = uigetfile(**.Scope’,'Select the Scope-file");
AllData = importdata([PathName, FileName]);

n40 = AllData.data,;

[FileName,PathName] = uigetfile(**.Scope’,'Select the Scope-file");
AllData = importdata([PathName, FileName]);

n35 = AllData.data;

[FileName,PathName] = uigetfile(**.Scope’,'Select the Scope-file");
AllData = importdata([PathName, FileName]);

n30 = AllData.data;

[FileName,PathName] = uigetfile(**.Scope’,'Select the Scope-file");
AllData = importdata([PathName, FileName]);

n25 = AllData.data;

[FileName,PathName] = uigetfile(**.Scope’,'Select the Scope-file");
AllData = importdata([PathName, FileName]);

n20 = AllData.data,;

[FileName,PathName] = uigetfile(**.Scope’,'Select the Scope-file");
AllData = importdata([PathName, FileName]);

nl5 = AllData.data;

[FileName,PathName] = uigetfile(**.Scope’,'Select the Scope-file");
AllData = importdata([PathName, FileName]);

nl10 = AllData.data;

[FileName,PathName] = uigetfile(**.Scope’,'Select the Scope-file");
AllData = importdata([PathName, FileName]);

n5 = AllData.data;

[FileName,PathName] = uigetfile(**.Scope’,'Select the Scope-file");
AllData = importdata([PathName, FileName]);
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n0 = AllData.data;

[FileName,PathName] = uigetfile(**.Scope’,'Select
AllData = importdata([PathName, FileName]);

p5 = AllData.data;

[FileName,PathName] = uigetfile(**.Scope’,'Select
AllData = importdata([PathName, FileName]);

pl0 = AllData.data;

[FileName,PathName] = uigetfile(**.Scope’,'Select
AllData = importdata([PathName, FileName]);

pl5 = AllData.data;

[FileName,PathName] = uigetfile(**.Scope’,'Select
AllData = importdata([PathName, FileName]);

p20 = AllData.data;

[FileName,PathName] = uigetfile(**.Scope’,'Select
AllData = importdata([PathName, FileName]);

p25 = AllData.data;

[FileName,PathName] = uigetfile(**.Scope’,'Select
AllData = importdata([PathName, FileName]);

p30 = AllData.data;

[FileName,PathName] = uigetfile(**.Scope’,'Select
AllData = importdata([PathName, FileName]);

p35 = AllData.data;

[FileName,PathName] = uigetfile(**.Scope’,'Select
AllData = importdata([PathName, FileName]);

p40 = AllData.data;

[FileName,PathName] = uigetfile(**.Scope’,'Select
AllData = importdata([PathName, FileName]);

p45 = AllData.data;

[FileName,PathName] = uigetfile(**.Scope’,'Select
AllData = importdata([PathName, FileName]);

p50 = AllData.data;

b=[n50(960,2);n45(960,2);n40(960,2):n35(960,2);n30(
20(960,2);n15(960,2);n10(960,2);:n5(960,2):n0(960,2)
2):p15(960,2);p20(960,2);p25(960,2):p30(960,2):p35(

45(960,2);p50(960,2)];

r=[n50(1811,2);n45(1811,2);n40(1811,2);n35(1811,2);
1,2);n20(1811,2);n15(1811,2);n10(1811,2);n5(1811,2)
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the Scope-file");

the Scope-file");

the Scope-file");

the Scope-file");

the Scope-file");

the Scope-file");

the Scope-file");

the Scope-file");

the Scope-file");

the Scope-file");

960,2);n25(960,2);n
:p5(960,2);p10(960,
960,2);p40(960,2);p

n30(1811,2);n25(181
:n0(1811,2);p5(1811



2);p10(1811,2);p15(1811,2);p20(1811,2);p25(1811,2) :p30(1811,2);p35(18
11,2);p40(1811,2);p45(1811,2);p50(1811,2)];

B=b./n0(960,2);
R=r./n0(1811,2);

L=B./R;
S=-50:5:50;

figure(1)
plot(S,L,'sb";
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