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Performance improvement of
a filter-free fluorescence sensor and its applications

Abstract

Fluorescence analysis is widely used in biochemical analysis and medical diagnosis
procedures because it is easy to use and can provide large amounts of data.
Fluorescence microscopes are often used to detect fluorescence. However, they consist
of an optical filter and other parts, and are generally expensive and bulky. At same time,
on-chip measurements of fluorescence are required for field diagnosis and point of care
testing systems, which requires the development of miniature fluorescence detection
devices. Recently, on-chip fluorescence sensors have been developed that consist of
optical filters integrated on photodiodes. In addition, a fluorescence sensor using buried
triple p-n junction photodiodes has also been developed. Although these devices exhibit
high sensitivity, the fabrication processes required to integrate the optical filters are
complicated. In addition, it is difficult to deal with changes in the fluorescent solution
because the detectable fluorescence wavelength is fixed. A filter-free fluorescence
sensor with a photo-gate structure has been developed that can measure a wide range
of wavelengths without filters by considering the depth of the light absorption in the
silicon. The separation ability of excitation light and fluorescence in this sensor was
800 : 1. However, fluorescence detection requires an intensity ratio of more than

1,000 : 1 between the excitation light and fluorescence.

In order to enhance the separation ability for a filter-free fluorescence sensor, we
improved the planarization of its Poly-Si surface. For the surface planarization,
deposition was performed by low pressure chemical vapor deposition (LPCVD) at a
low temperature, which decreased the root mean square (RMS) roughness from 16.29
to 1.63 nm. The proposed Poly-Si surface with the smaller RMS roughness reduced the
scattering of the incident light in the silicon substrate. As a result, the separation ability

of the filter-free fluorescence sensor was increased from 800 : 1 to 1,250 : 1 by



planarization.

Then, we describe the detection of fluorescence from Fluorescein-4-isothiocyanate
(FITC-I) and sulforhodamine 101 acid chloride (Texas Red) using the filter-free
fluorescence sensor in which the separation ability of the sensor is 1,250 : 1. To measure
the fluorescence solution, we proposed a parameter to minimize the effect of the
interference introduced by each layer. The fluorescence of submicron-molar
concentrations of solutions could be detected. we also describe the simultaneous
detection of three wavelengths using the sensor for the measurement of mixed
fluorescent solutions. We determined it was possible to use FRET analysis with the
filter-free fluorescence sensor to simultaneously measure the intensities of three

wavelengths without using an optical filter.

In order to measure the labeled cells, proposed a cell analysis system and 2D
fluorescence imaging system without optical filters using a 1-pixel filter-free
fluorescence sensor and a 32 x 32-pixel filter-free fluorescence image sensor which
used wavelength dependent absorption depth in a silicon substrate. Excitation light and
emission light from fluorescently labeled cells and quantum dot were separated and
their light intensities were detected at the same time by measuring the photo currents
according the photo-gate voltage. The detected fluorescence of cells and light emission
from quantum dot were good agreement with the light intensities observed by
conventional fluorescence microscopy. Also, we propose a filter-free fluorescence
analysis system using a filter-free fluorescence sensor applied to microfluidic for
flowing fluorescent particles and fluorescent dyes. Based on these results, future
research will be expected to be applied to living body observation of cells by using a

filter-free fluorescence analysis system.
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Ambient 15° 30° 45° 60° 75°
(n=1) /

Poly-Si e 7.1° 10.1° 12.3° 13.8°
(n=4.02)
/ _ _
Sio, 10.2° 195 27.6° 337 37.5°
(n=1.46) /

Sili_con I 3.5° / 6.8° / 9.3° / 11.15° / 12.2°
(n=4.16) (Wavelength : 530 nm)

33 U oL@ X B IETER

WIE, REOHSICE > TRORTH KELOFBE RITEE T VO 5, BITER
mEnORRD ZODOBENREL TS & XITEE A EET 2 ORKIL, BEIC
HRPIE) DTEDHINDN, TOWPSTEREZ O ARNE L TOAETEKRT S
EL0L0 LD, ZORE, RGO X DI AR LD EH(Snell's law—Descartes law)(Z
EONWTEREIND,

sin@, =sin6, o (3.1)
n,

M33ELBECHE SN TWI LY 7 TICRH T 2 DA EICKET S
JEITHREZR L TWD, SEEN T, SUTRBEIND N OAELZFET 5720,
RSCITER T %, T 281X v M(ZER)% LT, Poly-Si, SiO,. SiT
BREINTEBY, EEOREITERNTZN TN, 402, 146, 416 TH H[3,4], Xn
vy TICRE T OB REOMENLS, 757 OHEITIEAII8S5, 8727 D
EIRFHEAET LD, ZORENS, BERAFAIHS, BUFPRNHTIE LY K&EL
JEPT L., BRI KREL 2D LB D,
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3.3 Poly-Si FET Ot AN

T4 E T =Rt AR O B RS T S & i 3% THRUE &2 4T
Poly-Si(Polycrystalline Silicon, 2 Si)IZLPCVD(Low Pressure Chemical-Vapor Deposi-
tion) & & W CTHERE 21T > 72, LPCVDZ HW =il Tk, iR EZ Fifb 2 & T
FHHSBNERT 22 BB ESNTVWD[56], £ 2 CTHEHZICHELZIT S
TANET ) =i o TEMESG G A AR TS LT, REMIS A RS ED
TR LT,

INE TORZOEREERET A A% ODLPCVDEE®E % VT, BOIEIEFE 13620 °C,
75 AJEF711467 PaTPoly-SiDOHEFE % 1T > T & 7=, [X3.4/ZSEM(Scanning Electron Micro-
scope : &AM E BB KL D REBE T A2 W2 FHIR R4 "3, AFM(Atomic
force microscopy) Calffi L 7= & Z A1k D& > ¥ TiX16.29 nm? # i Hl = (Peak-to-Val-
ley : 91.29 nm)23H v | FEHUITRA L T HEELOFEE ST T\ D ZENTH
iz,

A [al T BT 72 A AR IEREE 2 F1F 72 R B8 TPoly-SikiE 217\ . SEM<°AFM T [ IR HE %
B, REMIMERRSN TV DR EIT -T2, AENIHTZIZL 022D &4 T
M ZAT > 7o(Z 2T BIXLL FOEMZ2 54O, £FEQE LT EITI),

== :100nmM

3.4 SEM% V7= Poly-SiFe [ o [Ej 4
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< M@ ¢ RRIEIELEE= 550 °C. A4 AJE =100 Pa
< Q) ¢ RRIRIELEE= 550 °C. A AJEF1=70 Pa

X35 MO TOREIER R4, K350 RMHQ TR R4 /~rd, EMSEMT
DR REWERGIETHHHIAL ERD L | HHEEZ R T SE2Z & THLMNIC
TrA VY AZXIPRNEL o TWVDHIEDRHERTEDL, £, £HO. £HO
. FNOAFMBIZE TRO TR ST T OE & 72 o 72,

« 5@ : RMS =2.22 nm, Peak-to-Valley = 12.26 nm, fkfi L — h=9.56 A/min

« &F©@ : RMS =1.63 nm, Peak-to-Valley = 9.499 nm, ffffi£ L — h=28.01 A/min

FROBRIVHEBEEZETSELILETEROMSOENETH 5
RMS(Root Mean Square) Z 1Kl T& 5 Z L Z#EE L=, L2> L. TERSM CTIlImkE
L — b 23582 A/minTH > 72D EFEOFER D305 L HICKREIK T L,

Flo, ZOTNRAATA A UVEN - T =— VBT PR AT 5 72,
PRGN » D « FHFQOIWFIRILEILE4.46%107°, 7.48x10°°, 1.13x10° Qm &
7R o, RIS B AR T L 7= Poly-SiD M HEPUR T WSS & 722 0 . Uk TR
SNTWHRNEE —ELT[6],

PEFRSA TR L 7= Poly-Si & Hr 7= 72 -t TR L 72 b O D L 2 3 11T, 20
FERNRT X 91T, Bk & B2 D 5 TPoly-Si % sl L 72 /5 . R & & KR
EEDHZLEEEALE, T CHRBFTZICEET 2 7 o2 7 U —d YT
HEFEIRFE 21K F S 725D, M@ TPoly-SifkliE 21T 5, /2. #EkREMETO
HERE BTV, B Z O35 CRIED I 21T o 72,

& 3.1 PERSEM & DR

Temperature Pressure RMS Deposition Rate Resistivity

[°C] [Pa] [nm] [A/min] [Qm)]
e R 620 67 16.29 58.2 4.46 x 107
ESGeD 550 100 2.22 9.56 7.46 % 107
1 550 70 1.63 8.01 1.13 x 10
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(b)

(4 3.5 SEM% HV 7zPoly-SiOREM S (a) FMHFOD (b) FHO

34 WEEHIZBITHERER
341 BELEDAIE

FIEE S AU 72 Poly-SiD K M ST I U7 BT HGELER OPE & AT 5 728D, 24 v T
T T ND T HEIZPoly-Six E L7z, KB36ICHELEOMES AT LERLTED
BEIUEBE D FE D~ v 7 2 IR D B Poly-Sids B S 4172 4198 7 = /N 2550 nm D H R %
FRES L 72, Poly-SiZ &l L 7= 6idxt L v X DNA(Numerical aperture)fif 2 28 ¥4 %
ZLICEo T, WMETIAEOFAZIRD DL Z ENTEX D, YL A&l L
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HFETARNT U F T FEA A — RICHRH SN D HEIIC L > TOLORENE H D,
FPET TANE BT DY L Poly-SiORIEIZ L » TiFildT 2 D0EIGEZFE L%
BI3. 70T, WIEMEG BIGINT 21% EHELOFEIZ L - TOROFERENEMT 5,
7o, 86L53 TOMEMOZEZFHHEL THIE LGS, REOHM IS LT,
16 %R DOHELENFEA LTz, £ DOFEE. Poly-SiD 3K i FHALIZ L o TREELD
HENBOTHORTRIEND,

. Avalanche photodiode

(Sensing Area : 1mm?)

~<+—— Imaging lens

«— Objective lens
0 =sin"' NA
NA: 0.15, 045, 0.80

6 : 886, 26.7°, 53.1° |

+—— Polysilicon
+— Quartz glass
— Optical filter (A : 550nm)

I - Condenser (NA: 0.05)

«—— Light source (@ : 200um)

X 3.6 JEHGELOWE S 2T L

0.8
— @1.63nm  A2.22nm [O016.29nm
S +8
g 07 0.071
] 4
=
® 06
5
o
§ o5
é
£ L
g 0.4 81 0.03
o
(=
0.3
0 10 20 30 40 50 60

Objective aperture angle [Degree]

X 3.7 MEMAEIC X D0FEER
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342 EREOHIICKAAEROEM

RO L D7 4 & 7V —wott W ORI EGEL O 58 2 O E i O
HIEIZ O REEAAT o 72, KBBIIZRHEOM I L 2 DR AKRDOENMET NV ETRT,
Poly-Si A3 - THHELD BN+ 3T/ SV EIRET 5 Z LN TE 255121,
T A4NE 7Y —att I Ao TS 2001F, K3.8@)D X 51T, BRI TRT
ZEMTED, LrL, REPHWIGAEITITIABELORZEN LT 5720, X3.8(b)D

INHARITR AT 200132 22 G ICHEL T2 2 L ic b, 2o & &, JeERIE
74 M= FOBEEIZL o THRIE SN D 22 Z EBIC RS S tRIC L > THAL,
SN EREW E TS, ELTT7+ M7 — MIHNMT2EEZHEMEE L &,
BZHEINILR SN THET I HEN/HEML, LEERBGEMNT 5, 20L& Kl
SNDINEREInE T D, TDIH, KiEDH O Poly-SiONEIREIL, w, K 0 w3
K&, £MEFHEAL L77Poly-Si TO My X 0 Iw, 28/ & < 72 5 BEE N RSLT 5
Zkith b,

B3.91%, BRI EFEEZRN T L 74 M — MOEEE0.1 VIEET
1 V2B 3 VETHINT 2BRICH ) SNIcERAZDRERELZ R L TWD, 74 M7 —Fh
ODEBENEMT 2 LICLsT, BUOE—7BELS 2D, LEN->T,
74 M= N OEFEIZ L DNEBIROEIMLSIOENM D — 7 F£ TIN5 1T
SNTVWLHZEZEK®RT D, €I T, LBRORBEEZI RSS2 LI2XY, Xo
IR S 2 THIT 5 Z N TE D, HIFRITER200 pmD Y7 7 A N &2 BMEE D FIC
~Ur bS5, £LT, ﬁﬁ%@ﬁ%v/xmAma%L L. E80 umT
MR LTz,

Vagate(1V) — W1 . Vagate(1V) — W1
D Vgate(3V) — W2 Light Vagate(3V) — Wz

Iwi(smooth)
P Iwz(smooth)

Light

lw1(rough)
lw2(rough)

n-sub n-sub

(a) (b)
X 3.8 RiEOHSIZLDHDORAROLET IV
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[X13.9(a)i3470 nmD R 2 RS L7-BD 7 + M7 — OEEIC L D HIEROES %
AL TS, HIRD0 %ik. 0.8 umDFE S TSUEMUZWIN 41, SO BELRDRITMET I
725 (K2.8% M), [X3.9(b)i%. 530 nmD MR % BT DD 7 4 M — MEEIZK D H
JIFBRDOZES 2777, 530 nam TOIEJRD0 %IiE, 1.83 umDFE S TSIFEMITHI D,
WX S DR SIE470 nm DRI OTES LV b R&E< Y, hzBIE ST 22080
REL 25, HOWEBEERMS @ 169 nm)D &, 2 VL ERNBAT 5, kHRAYIZ,
P72 R ERMS @ 1.63 nm) DG A IITEROZLENHWRE LY KEL 2D,
IO DOFRERNG, FHARREIZARN T HHIERT ¥ VRS L THIMRAS I,
LW & 0w m T D,

0.025
H1.63nm W2.22nm DO16.29nm
0.02
= _
£, 0015
r]
—
g
S 001
=
O
0.005 II II
0
05-0 05 15-1 2-15 25-2 3-25
Photo Gate [V]
(a) A:470 nm
0.035
W1.63nm W222nm @DO16.29nm
0.03
0025 _
<
= 0.02
—
o
2 o015
3
0.01
0.005 I
0
05-0 -05 15-1 2-15 25-2 3-25
Photo Gate [V]
(b) A : 530 nm

B4 3.9 Poly-SiOFHEIZ X 5 Eift 2D RFEE
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0.12

o
=
1

0.08 r

0.06 [

o

o

=
T

Responsivity [A/W]

o

o

N
1
o,

400 500 600 700 800 900
Wavelength [nm]

4 3.10 B DRI FVIRE

o))
o

I~
o

20

Reflection [%]

0 1 1 1 1
400 500 600 700 800 900
Wavelength [nm]

X 3.11 vy 7T ORGSR

343 BE—EERICHT I AEUHDOEE

TANE T Y =PI, T4 NS — b O CSilicon D WIARETIZ LV
#J4007> 5900 DR ZRET L Z LR REDH Y, BH—HRICL DB DIREIC
SOWTHE AT > 72, 3101 DALY FLEEZR L, L— Y ERE)LIR
(Energetiq, EQ-99)% HIWTHIEZAIT o7z, B IIROFEMEIZ10 nm, O 80 umDE L,
R 134007> 5900 nmE T50 nmD BAL THIE L7z, AR I3 L T400, 700, 900 nm
DJEEMEDN BANARNZ ENHR 5N 5, 400 nmDBAITIE, —RANZEREO A
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Optical fiber (G600 um)

' ND fllter

470 nm & 530 nm

550 nm & 590 nm
LED light source

FIEL

Semiconductor Imaging lens

parameter
LED driver t 1 Objective lens (5x)

@ ®120 um
_\

Optical parameter - /h"' <+ Filter-free

_ fluorescence sensor

x-axis stage

X 3.12 FETBERES ) ORES AT I

W Z R > TV D Ted, RERIEEROHIN TSN, 7+ BT — |
IZEDIZEAERN S, ISEMEFHEENWEZEZ bND, 74 0F 7 ) —ak
U iE, ZE(Poly-Si. SiO,. S)THERK IN TRV, THOREEIC X RHERIC
AFTL2HOEENEDD, LicR> T, 700 nm® J FIXH3IIZR LTS
v T2 T ORERIZE T, WIS N DI DD DEETE P D
JIRBEMEDME T S PRI ND, £ LT, 750 nmE B2 5 EIFEMOES LV
EODGEIR I S v, IRBEHEEIR TSN EB 25, ORI, p-wellE &
WNT VXY NVRSEZFHESTHZLICTHRIRTELLEZOR, RERIZBVLTEY
ISERHIRF S LD, — AN STV 2 a0t O FOLEIPIL, £J420~875 nm®
#IHICH D L WME STV (ex. DyLight 405, DyLight 830), T DOfEHEN L, 7 4 VX
7Y =@ EHNT, FEALEOENAILICEHT A EBAETHD &
EZbhb,

344 T4NLE7)—EEEYDEESEEED

X3.121%, BV OEESEENEZNET H7-OICHEINTZHEREZRLT
WD, WREAEERE ) 2 IEMEIZHIE T 2 7201201%., B SN HO8EOE)—M, 0

W LTI X DEEDRE/IMEB VT TH H[7], BEMEED EIIIZ 2O T 7 A4 R
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~ Uy N SINFERITEZE ST 5, B 613470 amO K. 406530 nm DR %
FAL, BFiEdwLr s X 2@ ST r SoRHERICHBE S, IO
BRAE I, JE/NU — X — % (ADCMT 8230) = FH L CHIEZ1TH, HEXEIAT —T %
RAWT, HERRR SN AMEIRIC Y 4V Z 7 U —8t v LT — 2 — % K@)
T 5, FHEK T XA =T F T A P (Agilent 4155A)% AT, &P OEKAEME %
5,

31312, HIEREE 2R T, At IO B Ot & 155 72 #0823 R I 12 B GS
Shbd, 20D, R EZRF LIZEEOHNERPRKELITLOIGA,
MBI HEIC K B BRI LN T LEWVRIIARATREL 225, £ 2 TRIEXO %
B LI EOHNEBEROIZO DX EMRFI L, ARIOWEIXZ + M7 — MNEEZE
1. 3 VTHII L, I (530nm) % 10pW/em?> CHRE L7z, HERITE 7+ b7 — b
BIEIZR LCI00RIEE S TRY . K34 RERT, 74 M7 —MIIVEI VD
BIEAFHIN L2 G . KB O RN & e KEFHIZZNZNT pAL4 pATH 5,
FK3E, EROFIIE K CERER A E T,

Photogate Iout

Filter-Free Output
Fluorescence
14 | g n-subl sensor
, | Jj)—well :|:

B 3.13 &

WPG:1V BPG:3V

Accumulated value
O B N W B U0 Y N 0

Accumulated value
O B N W R WU O N

B o4 oAb AN N T - B VA L - S b oy g g S o N P O O
SRR I R 97 o F o F T T T T
B R A QTR

Current [nA] Current [nA]
(@ PG : 1V (b) PG : 3V

X 314 74 N — FEFEICBITAE A NI T L
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#* 3.1 SEFOTHE L £ OFRERE,

PG :1V PG :3V
BB [nA] 12.08 12.98
PR 1.48 x 1073 0.94 x 1073

TA4NZ 7Y =t oY O RSBERE N ARET 572012, 470 nmD A 7
SREECHAN L. 530 nmDYEOBEDH ZHEST H, £ LT, KEeBHLHEOT £+ |k
F— MNEEAHIET L Z LIk o TEMEI %I 5, WESHEEE/IX. 470 nmD
SEHRIE DIRE A 312 L7 A12530 nm D SR B O R JE & th 2 (IR T S, &1k
LK E L CERT D, 74 M — MDA VETOBELEZMT 5
ZLIZE o T, BADOWSWB IOMEZRHES D, B IZASF T2 470, 530 nm?D
VR D fie KR % 5000 nW/em? & 5% E L, 530 nm®D JLHRE D % 50007 0.1 nW/em?
FTHRAICED SERP M NERZIET 2, S HIZ. AFCOREICKT DR
Sy BERE ) DARAFIE 2 BRET D 72 B ROEEE O FREE 22000, 5000, 7000 nW/em? (2
FXE L 530 nmD HHRE D I % 2 12D ST,

HE L 7ERZ2 Q2100 E XQIDICRA LT, @ TR EZM Z ik,
470, 530 nm®D KD IEE pox & pen 2 15 DAL D, KIBA51F, HIESTRE fers deml WX L &
WA F2ZLick0, BESMEDAHEMIZESS ZEEdRY, REOMI
(RMS : 16.29 nm) DI £ BEEE /13800 : 1 TH - 724, FHERMS : 1.63 nm)IZ L 5
YBIERE 17131250 : 1245 5 72[8,9]. 3.161%, ASEOTRE 3T 5 4 BERE J1 D
BAFPEEZ R LT D, ASSEORRIREE 232000, 5000, 7000 nW/em?DHA . 3 %LL T
DBENHBIN D, TOR-RNS . WRBERRIIT A OREITKAFE L 2
ZEEREWT D, 0FEV, KoMEEZREILTH, WENBHENORAPFET D
ZETHMHNTE, MERICKFELRWEN D, RO FHAIZ X DTS
BELEoItlic kv, 7 vy 7 U =t o Oy BEED S Eici B35 2 2
e iz,
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@ Excitation light
A Fluorescence [2.22 nm]

@ Fluorescence [1.63 nm]
O Fluorescence [16.29 nm]

10000

—_ i~qk0¢h0 006 660 60660
o | EI”
_Ci 7’
e . g
< 1000 550 : 1 o
> - P
-L-'g 980 : 1 | u/ur
L 100 [1250: 1] o, -
£ o ,®
- ]} e
3 o o - A/’x
© o O 5 2
= 10 L@
8 Al A YA _ -
© oY _o o .’
(&)

1 1 1 1 1

0.1 1 10 100 1000 10000

Incident light inte

nsity [nW/cm2]

X 3.15 7 4 &7 Y —at O EBERE

10000

1000

100

Calculated intensity [Arb. unit]

O Excitation light [7000 nW/cmA]
© Excitation light [5000 nW/cmA]
O Excitation light [2000 nW/cmA]

@ Fluorescence [7000 nW/cm#”]
@ Fluorescence [5000 nW/cmA]
E Fluorescence [2000 nW/cmA]

iooooooooooooogo
-0 0 ¢ 060 0060 099
O, 8@ E OO0 |:||:||:||:||:|l’
B
B
1320 : 1 ]
’./
1250 : 1 v
1250+ 1 .
1310 : 1| 8
t :/'
3% 88 87
L.“.f 1 1 1
0.1 1 10 100 1000 10000

Incident light intensity [nW/cm2]
X 3.16 YR K i RSy BERE )
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35 #8

T4 NE 7Y —att Y ORERE T A B S 72912, Poly-SiZ i O AL A
BR L7, ROWMIELOKEIZONWT, R SIZ K25 HHELE T /LK OAS 4 I
KOWINRE Zier Lic, 74+ M7 — BT & 5 Poly-Sio Y- LD 72 | AKIE TO
LPCVDATV, KM & 21629225 1.63 nmIZA L7z, EL- LY RS %
AT HPoly-SiZifiix, SiFEHENDOAFKOBELZ D S, EME—T WOHES &
e NEME ORMICRET D IEERNEEIM L7z, B & 217 Poly-Si D R HHL X 12
IS CT= i T BELR OWE Z T 572, 74 M7 — NOBEICH T DB O EEZ FHH
L7z, 2L T, WEDBERENOBREZBO IO, BBRE S AT L EHE LT,
A ORI 3T DARAFE D EBR 21T\, R 5 BERE T 13 A 0 38 12K 77
LWz e Lz, FHikiZ kY, 7027 ) =itk oY O R s BERE
800 : 17251250 : 1 THIN L 7=,
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F4E HARRORE

4.1 #®E

FA4ETIL, K FHAIZ L DR sz 7 4 v & 7 —aote U &2 VT
DNACHURGUABUGR . Z /37 B 72 EORIZIR < AT S 41T S FITC-I(Fluorescein-
4-isothiocyanate) &2 "Texas Red(Sulforhodamine 101 acid chloride )IZxf3 5 Jahifd Yt & #E %
9 % 07k TR 2 1T o ol R Ak~ 5, FEMAL & m OB D 6 i
SNDH2OLL DYy Z FRFICHIE S 5, £ LT, WRICHT 20EREZ MW T
WNIA—ZHEEZRZE L, BV oRbHENEZ N EEE 5, 72, FITCIE
Texas Red DIREFAHN BT 23 >DWRATAT D FRFRHIE I OV TRET 21T 9,

4.2 BARE~DEMH
4.2.1 B|IEE

T4 Ng 7Y —wmk Y OBRIIERE M T S, IR L L TAL

i o 41 T B FITC-I & Texas Red & F VN T &M 72 5F MM 2 17 9 . FITC I 4 S5l 3K
Fluorescein (2 7 X / FEJSPETH D . KITEH M L CTHR W ik 6wt 2 B
(Aex:495 nM, Aem:520 nm) T %, T X K EFBITKIET B0, T W, BEE.
RILE, XTF R, UA AR EOEEEGRI#E 4 5[1,2], Texas Redix, # /%
JEET I RICHA L. BRUOBREOEEZ U (Aex:568 nm, Aem:590-630 nm) 3 5 [3],
BEROEEEZMRF L2200, ERTHAZENTELLEVWOIFREART D, K412
FITC-1& Texas Red DAL OB VIR EE &2 7~

RIS T 2 S ORI EIT O o, Tl LT50 %D=% / —)L
THRL T, 50 pMOEEFRIEZ i L 7=, LARTOMFZE TIL0.5 pM D Texas Red> & D
WHERM L TEe, £22C, MENSM ELET7 o v 7Y —att o TIRIREO
ARIEZ T 272D HAK0.01 pMA HE L7, [X¥4.2121%, 0.01, 0.05, 0.1, 0.5, 1, 5,
10, 50 uMODFITC-1& Texas Red DRI AR L CTE Y, #ERAEKITT « AR E/123.0 mL
ANTHR T 2 2R ] LR b 2B+ %,
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HO O @)
T
l COOH

NCS
C,,H,,NO.S=389.38

(a) FITC-I

S0,CI

031 HQQCI N206S 2=625 16

(b) Texas Red

4.1 FITC-I& Texas Red {2

0.01 0.05 0.1 0.5 1 5 10 50
490 525
=| =|
Excitation max Emission max
(a) FITC-I
0.010.05 0.1 05 1 5 10 50
596 615
=] i =]
Excitation max Emission max
e s

(b) Texas Red

4.2 JREEIZ & D0t
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422 F— FEE-ABRFEORREKFE

T4 NE 7 ) —att oY ORI T D S — NEE - OCERAE AR LTz,
HIRDOPRIL, N RARAT 0 v Z CEENE © 10~20 nm) Z @i S5 Z & 12 &0 %
T 5, HFEIX., 0150 ym D EA ., 5 uW/em? D 58 TR H a0 I B L 7=,
74 b= FEnBISIEROBIEIZ-1~4 VESVERII L, PEERART X —X
THIAENSHNT HHERERE L, K431, EREAE(LIELEEDS— |
- t@ﬁfﬁﬁﬁﬁ%%#o%mM@ﬁﬁm\%@%%ﬁ%émumf$%wK
I S5, AFDEDRERWSIREMIZRI S, 74+ 87— NEEIEINT SR
WEFOZT IR/ NS L 72D, RAIC625 nmDOPE X199 pmETIREBL, 74 b
7 — MEEICE - T80 nADEWRANHKAET 2, TOREND ., WRDHITITSIOWIL
RN ESNWT T + N — MEEEZEM ST L LI Lo TEBT LI ENTE S,
FORENS, HWHBROEEZHET I LICE T, HINFOWELZRET S
ZEBHRETH D,

a4z, 74027 ) —dtt oV OBk CHOEIRO K4 R 2= 3, il
FEIR DIMIBINZ78E S T ANITHI20~28 %D S TH D Z L3 ynd, LinL,
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