PRsEBRPOE LFE Ay Fibo RAp T RIBAFLEFH N 50 LFN
TR EE REE S B AR B o RE O B E 0 AL 2 R fR4T
Hogr k] o ipat B 23 W k4 &3 (fluorescence lifetime) = #4]v S d B 2-1 2
Jablonski energy diagram % 3Lp? » g k35 F o Himg A £ xR E= hy / AF
AT R R <] R AR i B g F 0 0 el Rl B A S s je i o
FAFR RO R A FEOT ) ARERI N BRE R o £ g
B2 e P BT E o o (ZR) N RBEGIOT F AL FE
(fluorescence ) ¥7 7% (phosphorescenice) ™ & H & ft T iz ek E ¥k > = £ it 3

AT R o d R I EE R FI R LR H T o TR R R

FEE 5 1072 105 A3 £ FIAP A8 ATRE A B RPE v I A G R

BhaFE g st (b R Nw R AR FRERERD DG A ERF (R
Bpk) 2 1003 10°6 (& LAm) e - a2 o AR PIRE 15 FRbeid

;./

2 (relax) I % - el fi > £ IS A LGB SR BRI A o pa S B

O R e ARl ¥ FRALROe e L F U i PR 2T Sk kG hil e (time-resolved

fluorescence spectra techniques ) & 4% i tg & % % B AZF
SR T E PRGN K 0 B8 S A b iR S Rk b

7@ 1+ & (photophysical properties) » # I ¥ B A F g & hF Mo 2 3 LR d FR
%%ﬁ%%%@ﬁ?u@ﬂﬁoﬁm1$$¢%gé&%,m D AR AR R

( phase-sensitive detection ) ~ PF R #-%| gt ] (time-resolved analog detection) 3k
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iE % HER. 15 ] (streak camera detection) - % » & B WP anfaic A A A F F %1

R T R FO

o1 I

/ZF

TR ORI T R PR

Excitation
(Absorption) . .
1015 sec . Excited Singlet States
S 33 < Vibrational
Fluorescence 27 S Energy States
10°~107 sec 0
Internal
Conversion
Intersystem ;
Crossing A==
NaVaVa vl Sy % _
) 0 faWaVaVaVaVa¥aVare =
Internal Conversion Intersystem o Excited
and Crossing ———3 Triplet
Vibrational Relaxation s 1 State
10714101 sec Non-radiative (Ty)
[VaVAV V) :
Relaxation
(Triplet)
Quenching
= Phosphorescence
3 (10~107 sec)
SO 1 ! |4
0

Ground State

Bl 2-1. Jablonski energy diagram

Mg, Gilliland, photoluminescence spectroscopy of crystalline semiconductor p.283
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2-1 PFF4p B H k3 3-8k % 3L (Time-Correlated Single Photon Counting » TCSPC Fluo
Time 200 » PicoQuant)
A AT S B o 4R4R T PicoQuant 2 7 e 3 A pE DM kT 2k
(TCSPC) » ¥+ &P [ f247 % & k3% (time-resolved fluorescence spectra) 2. & jp| >
kg2 2 68 o
TCSPC2. 1 ¥ B3 4ef] 2-1 #7570 A ik 8 M ek 603 Sk Ruped B 5 0

R EFSAT LT A kI 2 PEREA K S H kS e R e sk

8

CrA L PE R BE R TTR R AR s BT (S Lk SR sk T F BHfE 8 (trigger) 2o kS ehpE R EE
WP E RS R ol T EMEFIE S C 2 T ATV H A RERFT AL 2
FREIMEEFT R > 4oB 222 Ao > A £ RST BB T Fa

cEA TETE

3B R 4s el 4 R B R R4

' '

Bl 2-2. TCSPC 1 it pid o

(2 Becker, H. GmbH, Time-Correlated Single Photon Counting Modules Multi SPC Software.

22



No photon reaistered
m -
3 No photon reaistered
o)
=) m ]
5 First photon
2
S
T No photon reaistered

= Second photon
Result after many cycles
B 2-3. s FagisdEykpa .
Qq,,'\-'-"".l"'l‘:i'l:: 1{' .
Y . )
-%fﬂ} . i !"I-‘— :ig'n:':wf'p.x"i.f"'.a
TCSPC diagram
MCP-FMT
| Iris  Fludrescence Cuvette
‘ |
] { Wi
Folarizer [tz
Substractive double monochromator /
Focusing lens Excitation laser

L [

Electronic delay cable FD

B 2-4. Fluo Time 200 & Ffe ¥ B -
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TCSPCin ik Bfc % 4w 24 7 - Pl X i p G HEBEEF L T 5
( Self-mode-locked Ti-sapphire laser * Model 900-D Mira » Coherence ) » 2 PicoQuant =
7 A A R et - iRl F 62 % RN kR (pulsed light source) > B EF F T 4V
A4 & X3 % (full width with half maximum » FWHM ) -] % 150 fse% i > = &4 3
HHRF A4 FWHMY 50 pscrof% e o | $f 52 an 10 2 Sk -5 40 S R~ /| 3
rend LB RECPFT KRR HFEF BRRYF (IR 7"%] 2% Hag R 1 90% )

T S KR Al IS KRS o0 E B T HW BRI TCSPC 4 &

f& 0k Frd & st pE R %] % (constant fractional discriminator » CFD) | 22 58 7 7
P T NMELIERFR > B d 7R &N a2 E (variable delay line ; 425A » ORTEC) 3
FEgie » TCSPCH-e (SPC630 » PicoQuant) ezt JEpF Y o Ajgrst X~ 5 o F 53k

2 kB EET A kB (iris )34 B igmid — w.F 54 E 9 1k 5 % (sample chamber ) »
APTAFERS L s ERESHEr REAEHE S e BRF U E- BRESHE

(focusing lens) F & Pl 5o fifearc e 4I% & 5 LS AL FIcE » 28 5 B4
R T g B D e hfgh R B ] o k- kB SRR L i
- BviEH LT (perpendicular) > -k T (horizontal ) fwhg ##7 % & (magic angle) #¥=
> % ik e B (polarizer ) o i F i i 4p R ;N Bk K 3 ik (subtractive double
monochromator ; 9030DS - Sciencetech ) » & » W R F o W RIFE 5 FHFE LT B H ¢

( micro-channel plate photon-multiplier tube * MCP-PMT ; R3809U-57 » Hamamatsu ) » #

e gD - B R * B (Pre-Amplifier) ¥ 5L = ¢ § R E I Ak i

_E;

FITCSPCH- e ® r13f B~ingl [F] » 4% F i& » TCSPCHC /e 8 (7 3 53 pF e 1% o
TCSPCH- /e it (73 L PF 2 B 4o B 2-5 #757 © 1% & B & #c;' #% B (constant

fractional discriminator > CFD) 4 %] 2| %] & % f§ 3 255 28 F a4 2 8 973 d enph

B3] web site : http://140.113.224.204/index_c.htm
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B ks (NIM) i~ pFRF-JRtgigde B (time-to-amplitude converter » TAC)

Poo B TACHT I & RME > P IRnF F A B4 e® 0 E IR T - FBEAELEFIRL L
R Ned ?@ﬁi‘% A ”'“Fﬁ% M ey BRIy L AT %‘L‘?fﬁ‘% »TACHp $ P AP A4 o B fs 1Y
#pt -Boi= g 3% B (analog-to-digital converter » ADC) #-7 R I& it 5 B W] aopd AV AR
i (channel) > £ ¥ » % 47:¢ » 47 & (multi-channel analyzer > MCA ) i& {7 [ %] P [ 4F
Fnhat o Ao G H - kIR BHE - X HEFEATEDS A T MY

LRERER A o B E L o

Ti:Sapphire Filter or j\ "
76 MHz Mondchromator Sample
v \ 4
Trigger . Filter or
PMT or PD ~ : Monochromator
o 1
[ = 5
Constant i .
Fraction : : : Photomultiplier
Discriminator Start  Stop Reset
|
Delayed Box .
’ Time-to- Stop Constant
Start Amplitude |, Fraction
> Converter [° Discriminator
JL I JL
Multi Channel
Analyzer

S1uno))
JO JoquinN

B 2-5. TCSPC 2 M ELHEP~% L pEfe )i o
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2-1-1 & (Light source)
AT 2% - ML A%t £ ® Coherence § &2 7972 ABHRTFFTFHELT
&t % % (femtosecond Ti:sapphire Laser system ) 1% % @ £k o % = 0> F sk 97 * en

ik 5 PicoQuant = 2 #74 & % fir;t = 148 F 5+ (pulsed diode laser) e

1 BEEFT R TSR

BEEFFT LU 0ET - AL BB HEF AL AL S 700 ~ 1000
nmenA AR F Bk 0 S d % R & B (Pulse Picker ; Model 9200 ¢ Coherence ) i& {7 7% i
EARAE A % o T I A - 4F & 4 % % (Ultrafast Harmonic Generation System )
+ ez pp 34k (second-harmonic generation © SHG ) % = F# 3% ;& ( third-harmonic
generation > THG) 22542 & #A-2L 47 G925 0. % & 4p =7 iz (phase matching » ¥ #

FoPE)E R BT Al S BAEA Z BHenk s @ F ,ﬁtnmgsaﬁ

(1) ##)3 #+% & (femtosecond laser source)

PAY AR S EF £ T 5 (Self-mode-locked Ti-sapphire laser » Model 900-D Mira >
Coherence ) 17— & & 5 532 nmenE i = &40 8 S4ENd © YVO, 7 % (solid-state
diode-pumped, frequency-doubled Nd:YVOy laser » Verdi™ V-10) ¥ % g3 %R o T 57%
e A7 4E 5 (repetitionrate) = ¥ 34 > # s 76 MHzZ 500kHz - & & 7 33 LS4
700 ~ 1000 nm > %J DR R 150fs 0 T F G 12We

d |3 ® 32 (uncertainty principle) ¥ #v > PF R AR @R EHAF T AR, o F

FIAEPE R 0 E SRR B F AR o SHE# (emission spectrum ) & Zf & 5 43
XHMER o Aot A R BRI R A R S A ARER T A R RTR Y P E AT

(gainmedium) ? EHEEFE > 2L¥ i & Wi B ET T E AT -
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- AR o F Bk ?’éﬂi;'] d ¢ i 3 58 G (emission cross section ) # * i
AT o PR Sl LA R PR S D o F R TR S R
TR BRI CAN SHEX > © A A dp = (phase) FdF- Ko #H T
i TF o AT MR AL S T4 (mode-locking) ;¢ ™ 4 #(mode-locking)
G A fE o A s E_A B 4 Hi(Active mode locking) 0 % 4% # 4F - (passive mode locking) e
AW HEDRILE BF 3 VE A EIRVER XS - BB % E (acousto-optic modulator )

4 H AOM> 4B 2-6 #7757 > I 4e » & M 7 4 (radiofrequency )i - RF> § 33 1 Q= 2C—L>< 27

’EAv:i’Av{wﬁ6%6ﬁﬁmw@¢i&’%%%E%%@@%ﬁi@’ﬁ

§ i iR A 5 -

< >

A
i
\ /4

>
O
<

Bl 2-6. i # 4 Hoehor 3, W)

Bk B 38 4 B0 (passive mode locking) ¢ » AOM A& 5% = % s jebe foaid B> i % 2

FB R o B sk o @ sk i 0 4ol 2-7 w0 T R A g S o

(4] Ducasse A., Rulliere C., Couillaud B., Femtosecond Laser Pulses : Principles and Experiments;

Springer-Verlag: Berlin Heidelberg, 1998; pp 53-81.
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Intensity
B 2-7. A d 2 BT 2R

Coherents B [ @ (5 = 7 % B - £ 47 {ewx Jzin & 5L (Saturable Absorber System )
A m{ﬁ“ ,:Li oo %’ 4‘% ‘7% ’Eﬁ » ] /i’ﬁ 1 %’?‘ 5]’-‘%'4“} Leraf? %\\° 2\ e E"h,:ti Fuirig v i
R R .f‘.{'ﬁiéﬁ#'l 25 15 &4 1 (Kerr-lens mode-locking » KLM ) o — @ 3 4 B cfads b

i n"iifjg?%%é}}fil(t)'%lb et 2] Pt
=y, X2
n=n,+=n, (t) (£ 2-1)

Bodon 2N Fend ¥ ATH G n R G AEREATR GRS BIR A A G ook (Kerr
effect) - — 4&n, TE‘FE o] o Bl kg BB IR T T O £ovk o (e F I - 3 R e
P fbEm 50 gt ZRARME TR B e e AL APERY F ¢ IR A 4p =33 % (self-phase
modulation ) » & {8 #% B B3 40 o T 0% fiEpE ﬁ’@f{ﬁﬁ (& 2R AAFTFF » FI%fr
kiR AT P EFEAFE > pan EHR P B E (self-focusing) »cfgm sc % H 7
B F s hoB] 2-8 o ;%’E} TR APT U R (slit) FEH % Ry B
fi o 4oB] 2-9 9T 0 R EFR R A DT B S A E IR P R Aot ey

A%ag ~ 35 K ARSS PR bR BT A RGO R o d BB LAY R f oo T
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AR BB o ST RS LA -

Titanium:Sapphire
Crystal

CW beam

Y

Aperture

Modelocked beam

Bl 2-8. i S ARG FAR BRG] L R kL B Bl

R R ol
R L L el 5

A
\
!

(b)

B 2-9. 5 SEH R EFRGFH I DL AH 5 7 L

(@) Rt F > X3 Eadf £S48 i@ d(ow) -

(b) % BER AL AE & BT B 5 4R o

AR @G B ALY o ORI R AR A o B R ER E
frorsldzcnd Sum g R RS o § TGS ER A PR d 0 P e
AR e and it S nE 2 b (fh f Srr A 4 aug RN o PO A dT 5B

HER A ) doBl 2-10 (A) Bl » g R Mg 2 AR B BHES A B ESL - B

B Operator’s Manual of The Mira Model 900-F Laser ( Coherent) .
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PR L T R AR S E PR TR 1Y Ui #% 6 (chirped pulse ) i B IR R AL 5 HiE R 4T
(A)

dn(r)
nix)# {F);__I

(dm:}.}
ETE

{m

.
A

."‘f

B 2-10. (A) 3 Pk & PTRBLLE AN TR STHEDITHS 1 @72 o

(B)

Components of
positively chirped
pulse

Red and Blue
components of
pulse together.

Prism 2
(BP 2)

B 2-10. (B) ¥ & & $aud F o

( group velocity dispersion > GVD) » Vi fif ¥ et ff » 3¢ £ 41 % 484 (prism pair) %
A B 2-10 (B) #1or & JI* RS EEH F g > o 2 MOE S 2 W B HEH
e1% sk 42 (optical path) B A = A & > i § HEEH P ERETIET > 274

HE AT s Azend fom goa SR PR R AP T o O

AR BAeE 4oB] 2-11 #77F c d Nd: YVO, S Hsd BEET LEF LR

Ba4 0 ©d i8R £ 40 (birefrigent filter » BRF) it (74 & cec 10 2 3 B4
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e GVD i > A2 F okl Ik AL ) -

Mo
FEmET
PUMPBEAM | Q BS4 |
I BS3 |
: BS2 |
| s e
| M1 BSt
BP2 SUT  ouTPUT
R
e BRF COUPLE
M3
STARTER
BP: Brewster prism L: Focusing lens
BRF: Birefringent filter M: Mirror
BS: Beamsplitter TiAl203; Titanium:sapphire crystal

B 2-11. Model 900-D Mira ix Bz % B -

(2) % =% & % 3L (Pulse Picker:; Model 9200 » Coherence)

R 4R R 5L S Model 900-D Mira P BB 45 EF £ T ST 2 o PR RE R K AL
# Mira 4= %} 2 % = 1548 (photodiode) *Hj 1 7L BLIF 5 I 4 M LB £ 7 2 %
Wi AR S ¢l 5 4.75 MHz ¥ 73 kHz -

Hpi4Ed 4o 2-12 #ton 0 H ¢ Bragg cell £ - %% % % (acousto-optic
modulator ) ¥ — BT #H-k i ® (piezoelectric acousto-optic transducer) % TeO, & %Y &7
A % RIp b R ERR P HEBE - Rl 10 T S E AT S o O K b4 RF
PR P > F Sk R T 4e pathl #for 0 B PEF Sk € X T| beam stopsfEfE @ & 3 i 1%
BEH L P A ERE- REFFREORETY ARTELEHET I BT E

K E R RFREER - EF T EAEr TeOr M P ¥ KM A+ Bk o

6] Operator’s Manual of The Model 9200 Pulse Picker ( Coherent) .
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Mo FBEABRATE ERATRAF 2 80 R FITHF AL R LB
B ¢ A5 - L F 4p = k¢ (optical phase grating ) > @ 3 i e g bk X Tk chiEST A
A TS % o 4o path2 9757 0 @ A SR AR EFER kAo d F ¥ & 35 L RFFR iR
BT WA G AR TR g T AT A I IRE e I kok
T_F SR T AFAE S o Bt kAT o HEStec s (diffraction efficiency ) =+ 3t 60% 0 @ if

* e £ 4 5 700 ~ 1000 nm

10 CM
CONCAVE
il e MIRROR
CELL
10 CM [ >
CONCAVE L
MIRROR BEAM STOP
path2
pathl
DIFFRACTED BEAM
NEAR .
HORIZONTAL =~ —— sl L_] D
VIEW \
INPUT BEAM
B 2-12. " trEHE BT LB -

(3) &R -4 A& 24 % 3 (Ultrafast Harmonic Generation System ; Model 5-050 > Inrad )
- BAagkeng 4 £d HH4FF &5k (fundamental frequency laser) 5d ¥4 & SR &

* LBOZEa £ 5 548+ & 4 247 F &% (double frequency laser ) ] * 4 £ 4t (beam
splitter » BS) #-fAg ks gk o g > H ¢ 2apkisd L 8 (half-wave plate) # &
KpAp o Sd TERAPBFEEILFI A OLEL > REFRE LY - B LBOZE&AE

KB BRI A S Z BAFK o gt R AMIEA P RT AR RE LN T - BHE% 3507 500 nm
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3 = RAFA 2337 333 nmé B -
(4) p 4+ & (Autocorrelator ; MiNi » Inrad)

BT R @RI AERERGET TR AT RE- R X F
SRR HREERFLTASNERLE o B 1 (FRIDAcE 2-13 977 o #r SR A
A HY - A ST R AT AT - KA BP0 %5k d B ESHGE
S S A Bk ma Ll o

BB I - TR EBE R PE A A kR LIAl T d AT
7=Al/C > C5i ki » VRBEAL Al EE L EREFFTE > U FREEFEF > Sd Fh
WRPFFT ¥ LET G % B 4pF S8 (autocorrelation function » ACF) > ® % &

SE e B ATSRRRE 0 AR St B R F RS § T iEa V27 -

B12-13. p AP+ &R I RILT L B

7 Steinmeyer G., J. Opt. A: Pure Appl. Opt. 2003, R1-R15.
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BARF RN 3B 2-14577 o Plabg r sk dd & kg A Lo A w)d
B 3wk S48 (retroreflector) & 84> H P — B R SET U m S E g d |
ek B L Al o d F AT Kk L SEA KA 53 a AT 7k od BEEERE
DZEARMSHGRH 4 &2 4 Bapk » JLprid sk & (filter) 2 sﬁ—: AHF k> R LR
»ERIR . BEESEF DY UHFRUEEETT RS Sd G FEET R IR P

\Zl'lﬁ;: °

Retroreflector
Retroreflector
Incoming pulse /{ea}m
splitter
>
SHG crystal
—Filter
A 4

To detector

Bl 2-14. p A+ KRR FFRER -

] Operator’s Manual of The MiNi Autocorrelator ( Inrad)
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2. L # = %7 & (picosecond diode laser )

*F % * PicoQuant= & #74 A % iR = &8 § %+ LDH-P-C 375% LDH-P-C

405> e £ 2w 5 3752 405nm> L B F A

54 ps 4e® 2-15 (A)~(B) #r7 o

v i B E AR L 4§ (25 MHz ~40 MHz) % 33 5§ S 1 et £ -

E & & 8

optical powsr{mW}
g B

optical power [mW)

2-1-2 HE k4 %3

§ SR R 247 R Tl L AP 0 R RE SR S P PR

B 2-15. (A) LDH-P-C 375
ik B AP B Sl )L PF Sk
FL e x4 130 mW o % e
EAFAE S 5 40MHz £ 3 %
% 50ps-e

B 2-15. (B) LDH-P-C 400
ik B AP B Sl )L PF Sk
Bl e x5 130 mW o % e
EAMF L A0MHz £ 3 %
% 54pse

A

|j)~‘,§/

BB E RGP PR T - Tk ek PR B A

SRR KT T AR i PR A F o A1 A ARk IR dp g

1 Operator’s Manual of The Light Sources and Technical Data ( PicoQuant) .
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R FEERF R L EFA Y o Bkip g * kEFEF L 350-900 nm o ¥ iEHEE
B % 05-1.0% 20 % F (millimeter » mm) &fk %8 7 F % » 4% # K347 & (spectral

bandwidth) % 4~8 -~ 16nm -

2-1-3 § 3 = # (electronics)

1. & 8N &%) ® (constant fractional discriminator » CFD )

PR ] Behieh G y3uA g 3B 2o X2 KT HIERRE -

- A pE R BiELWURLE B 02 3N L 1R - # L (threshold) h T R R R o
B RABARE TR PR R B AR A EAR S B At gl %Ir%@?] » Fw] E

B R TR RIS TR SR SR % 2 £ 0k 0 4o 2016 477 -

ingle-photon events

Wulti-photon events

Bl 2-16. % i ~ E5| BAnUEL IO - B A PO TRE AP AR A BN PR

ARG R
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2 S U EE R RS E R ELl s TR RN

He z

2 - T RIRIGI - F R GIE) 0 A T - BUELE  (invert) 3 ¥ 4tk Typ¥

o P K R R B DR AR RN E b R F R MRIE s

TR SR PR (F R R4S BT PR do W] 2-12 477

AR T > imd CFDAJE » 57 F34p b R P o

> <<— Choice of delay &

attenuated
input

=TV

Delayed and
inverted input

Zero-crossing point

Constant-fraction
signal

o 1101 4 = e op 2 4 1 2

B 2-17. %l » LB $ 5 300 0 F M - KRl BRI F e SR

B LR PERY T L R4S D R o

DO gz 8 808 LRS- He o AR 92 E o
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2. BRF-JRigEE R (time-to-amplitude converter » TAC)

TACE - &R E% »# i 80— HAEIB4R - £ B4 T B Ao s BE AT
Eﬁﬁﬁﬁr%ﬁﬁﬂ%J%%i’iéi—ﬁwﬁﬂiﬁ’&iﬁﬁﬁﬂwﬁﬁﬂ%
iy P L 0 Ao 2-1844 5 o Blmpt o v i iy HAE 1T o TSR g R S 0
H- k3 A3 Gl o 4of 2-19477 > TACHT AL THN > - 50 ¥ ehBde-% 4
#-7% (normal start-stop mode ) 12 o ff 2 M EL 5 B ho el B F K EL L B0k HEUEL o
¥ - i F i 4o-% L #38 (reverse start-stop mode ) o U FF L BB G B 45 e

oo RHFEARITL SR

e
ra
P4
,
. rs
STORED e
CHARGE o
1L 1 1] J
START STOP, srops RESET
¢———— TAC RANGE ——»
TIME—

B 2-18. TAC z % #5571 L B

38



TH- B 0 TACHE|TF|IA RN LT d 5> TAC aé ¥t % - 3g£ 5
BELTE ke - 3gk 3 25 Tblind |0 o7 R Ol sk 3 gk gk @ i A
K engA, > Fla @R E T kB { Heen® R 0 2R % AL S multi-photons pileup ©

VORI R AR T B ROR % ROT A 4 sk b S R R R B el i
- et T L e - BEH Y TACHRTI S B R F o - R AT MRk
& Hok Jf | 3R iR E AR AR 5 eh 3/1000 0 F %ﬁd T F sk B 2 LB (iris) * -]
K-

TEBEE R AL R M E R R R ke g > gt > TAC M F R 4

i

FRPNEIERE > ARSI PN mEECT RS o FR AR Ak
#pF eh TAC 23 H 3 » 4ot @ B TAC # = 2% % 7 e B8 & a3t » B 5 dead

time (% & & s 2% —*@f‘Tf'@“ fﬁ‘-?ﬁ'L-L"“r%?'fﬁf*Fé*) 2R g

TAC settling
Time

TAC TAC ADC TAC
Starts Stops Starts ready

Start-stop time

B 2-19. TAC W Pl H - &3 et P84 o
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3. %5 -fci~ i ® (analog-to-digital converter » ADC)
d TAC 1A 2 hE BiEFE » -l ¥ ot - -7 Rk gE

e A $H P O

$ 453 4 47 & (multi-channel analyzer, MCA)
MCA #-5 2§ P (RIS % & i B S P S B LT PR
Pl THRE KA PERASGRELI  BFRE D V5D AR 4 YT

Eﬁ 4096 ~ 1024 ~ 256 ~ 64 Tﬂ;’tﬁlﬁ o

5. " # & ;N4£ & ® (variable delay line)

TAC #f W RR € 5 d vt BRI B 1 = 75 R B i SR A
TR A o BME R AT R OTRE (FF L) kd Mg enfep 58 #F
MR ALY B B S TAC P RGN TRE e T AN F

0 ORI AR R o

6. ML i 3 % € ¥ (micro-channel plate photon-multiplier tube » MCP-PMT ;
R3809U-57 » Hamamatsu )
M AT E e 50 A4 RT3 L wmd T Fdra S apel i T

2T Bl R o A 4T 5 Ak (micrometer s um) 0L fmep AR TRRMF X

.¢

EARL P RTRFRFEN L E p o Rl MRS TR AT R
ARy ETEEALR o BT W IR OB R R 0 B kT AET] 30ps 2T o d 20
PH RS WRIEARG AR B REAE S 5 RS HBipAn g kb AEUR > Bl - A

BRI A LIRS R RN R 1 ER N Bk T ey LR R AE ) FEL

F\o
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2-2 ¥ ¢ Ak k% (UV-Vis spectrometer)
B RS e k2 PR B Varian 2 & ¢h Cary50 % h-7 Rk kg ik o 1
*RRLAE B ERFERL 190~ 1100 nm > F TR Y ofFRE S A F ) 1200

2-3 ¥ skk#H &k (Fluorescence spectrometer )
R kY ’E"op%m/?h%_"ﬁ ERr QAR I N P % a0y kiR 0 .4 Hitachi
DF 4 A5 F-4500 F ik H R BEAY BB 2-13 17 0 @ LRI L E S
ABEBRELES HELRS L F S-S RERENF S EFIHRSES ¥ L &
fe % Lk 3] PMT -

pLOF Sk R ALK 0 150W e Xe % 0 H k% diffraction grating f%47 & E_ 900
lines/mm » 1 |k & e Frfd a4 2. 0nms & e LInir > P ER 1.0-25-5-10
nm > @ 52 Ak TR ik SRR g A B 1.052.5-5-10-20 nm» & BfE45 A 1.0

nm - g £ d 200 nm £ 730 nml TR e sngs B2 200 nm $] 900 nm 2 e

Excitation diffraction

Emission
diffraction
- arating

) Chopper (also serving
as a shutter)

Sample cell  gpyshutter:

Closes when sample
compartment lid is opened.

Bl 2-20. Hitachi F-4500 % % & 3¥ & 15& Bl -
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2-4  F# 445 (Data analysis)
Afprerif2 Ak A RBEITEE (Gauss) o A > s UHB R Y MK S

S

(fitting ) o PI & 2 &8 0P S or 7 2 F K F R RRBF T Bl B APT g

\

Scientist & FluoFit ¥ T A7 cf K2 746 > WEEFF L LFELZ T DTN o

)

A TCSPCREH & 0 ¥ @3] § k% d R (fluorescence
transient signal ) » | () o d *t g " rh L E 3 R s # 2 5d RBE = ¢ fren s
Flpb 1 (1) F 5 kR BAp M S ¥c (instrument response function » IRF) » g(t) % 4 & 4p B S0k

(molecular response function ) » f (t)é7it 4% 4 (convolution) > 4w 3¢ 2-2475% o

I (t) = j: g(t—s) f(s)ds #2:2)

& Scientist #t %8 7 - % & % 278 (Gaussian function ) % 53 & B Ap b S B T (D)
Rlgr + 2 S f2g 4 B s Scientist #& - #+ 4 & #°3] (kinetic model ) 1% % #t &
G ARad N REBEAPM IEIRET AT L - B Erd#ch o0 % i FluoFit #ickg ¢ B
B BRI R EETE R R R F AR M S BGE FRLE o A AT Y AR LR By
kd SH AR F R R RBOFT I R ATIETL REAAM IS SRE R
g4 0 2R &A% FluoFit k& 7 TR A 45 T R/Em 7 = B ancsk Pl g 2 7 5
Fengg bt % o
b APk 3BT A 5T 7403 (parallel model ) % :d 4 457 (consecutive model ) »
FluoFit #r#8fI* T (7 H A FHE > & F R b r Bipfcd i Lk &5 F L R R d

é‘ﬂ}@ F%E@ ’ SClentISt ‘@\’Eﬁﬂ %g ﬁg‘] r I ]'—r 2 2 ﬁg'*““-‘»ql];}% f#ﬁ’ﬁ'@f’?ﬁ@ o
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Lo ERa g AT 8 T d ARRED NBIGH & 2g o= N %23 Bidt
o R bl s T 2 NBERBEE ST FHAE 2F B LA B 47 0 2t

Bri=1,2, - N» 2 8% 73 Rk s o
T
A—1>B,
T
A, —2-B,

T

Ny A—3-5B,

ANJHBN

PUPFE o o S AR R S Bicho st 2-3 AT o

XD = 2 X A (t)= 2: X A eXp(;—_t) (3% 2-3)

#2e o Xp‘ (1) 5% iBdpdcie$ oy L@ 4w Aiﬁ_; 7 4 % % B (preexponential
factor) » & % iBdpdcie & cjrty (amplitude) ™ FHPEF FBOF LB R 5 75

¥ iEdpficie =+ oh%k B R ¥ #ic (decay time coefficient ) ©

2. REE A E AT AREF LTI D ANFEEMRD B Lsd Biarrgfan C

= gy N P L L3 [ Y - T T —
FelF o R ERERNE AN o, HE RSN A 1l y)B—2 sC 4 77 o

PO A F AR Silichost 2-4 AT o
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Xtot(t):XA(t)"‘ XB(t) (3 2-4)

s X (U) 2 Aitreng kprmam, X, SR EBROY L5815 A—B

R REFF R Xg() Z By PR AR 7, s B—oC i pREF ¥ o

2-5 # &%A&J2 (Sample handling)

BT R Y PP L Ed A RFBR Y X ST E > B¢ DPVSBF ¢
TPVSBF o %4 & F & £ 2 » ANDP.Z ANTP &4 ¥k &£ 2 - 7 &8 5 DPA
PEp Aldrich 2 @ (s qeikim§ e NIZ )kt a2 i e =3 HpEp Merck = 2 (5
B ER S FREEF R 2R HFRE T IT R s 2 L)
* A8 % Auto 168(Junsun Tech co., LTD)Z & E % Z4E A E 7 248 > A4 A& 30

nm e
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