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(Fluorescence and phosphorescence)
(Electronic transition rules)

(Decay properties)

(Excitation and emission spectra)

(Long afterglow and afterglow decay)
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Absorption
Phosphorescence

(103- 1 sec™)
-hnp

Fluorescence

108 sec?

Jablonski diagram — describing light absorption and emission and
illustrating various molecular processes that occu r in excited states.
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Introduction

Luminescence - emission of light from any substances
occurs from the electronically excited states.

(Used for QE
measurements)

Structures of typical fluorescent molecules (fluoropho res).

Jablonski Diagrams

- Alexander Jablonski, generally regarded as the father of
fluorescence spectroscopy of the 20th century



Characteristics of fluorescence

- Stokes’ shift : fluorescence typically occurs at low er
energy and longer |l

- Emission spectra are typically independent of 1l
(Kasha’s rule)

ex

- Exception to the mirror image rule (deviations attr ibuted
to the different geometric arrangement of nuclei in the
excited as compared to the ground state)
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1. ngjHk Ol KBr:Sn2*, KCl:Pb?*

2. mnkjH Ol ZnS:Mn?*, Zn,SiO,:Mn 2+

3.0pjH Ol fq f (Eu®', Th3Y), dq f (Ce3*,Eu?)
4.rjHk Ol Ca[WwO,], Y[VO 2]

5.S -tuvpw 6xy CacCl,, SrCl,, BaCl,

6.s -zuvp{ 6xy SrS:Ce, CaS:Eu, CaS:Eu,Ce
7.s -zul (G A (~)6xy Zn0, ZnS, ZnS, CdS

8.f -eu\bxy GaP, GaAs, (Ga,In,A)N
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Fluorescence measurements
- Steady state measurements

performed under constant illumination and observations

- Time resolved measurements

pulsed excitation and high speed detection, used for measuring
Intensity decays or anisotropy decays



Jobin-Yvon SPEX Fluorolog-3



Steady state fluorescence spectra for Zn ,GeO,:xMn2* with
different x values.
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Time resolved fluorescence decay of green-emitting Mn 2+
doped Zn ,GeO,.




The fluorescence decay curves for Zn ,GeO,4: XxMn excited at
266 nm with a Nd:YAG laser and monitored at |l ¢, = 560 nm.
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Introduction of Inorganic Phosphors
-Compositions (< )
Phosphsors: Host : A or Host:S,A
Self-activated(€e ) phosphors:YvQ,, CawoO,, ZnGa,O,

Y, 05 Eu, Y AILO,,:Ce (Sr,Ca);(PO,);Cl: Sb,Mn

\ o — ]

Activator Sensitizer Activator
(Y1xEU,)203 (0<x<1) (Sr,Ca)5.,Sby,Mn,(PO,)sCl



Simple scheme describing the excitation, energy trans fer and

emission in a phosphor in a H:S,A in solid state.

Sb3+

Mn?2+

(Sr,Ca)(PO,);Cl: Sb,Mn










Classification of Luminescence in Non-molecular Madrials
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Phosphors Laboratory (Y, Gd) 3A| 5012: Ce3+

National Chiao Tung University
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SrGa,S, Eu??
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Emission spectra of Ca s(F,CI)(PO,4); as a function of
:Sb:(PO,) ratio: (a)0:0.15:6( %% ), (b) 0.08:0.08:6(1% ),
(c) 0.17:0.08:6(2% ), and (d)0.24:0.08:6( 3% )

A




Excitation spectra of Ca s5(F,Cl)(PO4); monitored at Sb 3t
emission wavelength ( detector set at 476 nm ) and (b) Mn ?*
emission wavelength ( ).
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LED

1. (Ga,In)N chip (470 nm, Blue)
2. (Ga,In)N chip (420-470 nm, BlugBO,:Ce** Th*(G)/SrGaS, Ew*(B)/Y ,0,S:EL¥*,Bi** (R)

3. (Ga,ADN chip (370 nm) CaMg(SiO,) ,CL:Ew?*,Mn?* (G) /Y ,0;:EW**, Bi** (R)
Ca,(PO,),Cl:Ew** (B) or BaMg,Al , O, .El** (B)
4. (Ga,In)N chip (460 nm,Blue) SrGa0,Ew* (G)/CaS:Eu(R)
5. LED (ultraviolet) ZnS:Ag,Ga/ CaS:Mn,Ce
6. Laser or laser diode (460-470 nm) SrS:Ce,K,Eu (white)
YBO,:Ce, Th(GJSrS:Eu (R)
7. Laser or Laser diode (265 nm) Ca,SnO,Eu, Th, Ce( (0.29, 0.28))

8. LED (390 nm) Sr.(PO,),CLEW*(B) Y,O,S:EF*(R)
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Light emitting device with| Ba,SiO,.Eu
V\2/80803536889 phosphor having luminous Ba,MgSi,O_:Eu Blue LED
efficacy (Sr, Ca, Ba)(Al, Ga),S,
YBO:Ce?*, Th3*
BaMgAIO ,,:Eu?*, Mn?*
. e (Sr, Ca, Ba)(Al, Ga),S,
nght_emltt_lng Y A0, Ce"
US 6252254 device with Y,0,S:Eu®, Bi** Blue-emitting
2001-06-26 phosphor YVO4Z Eust, Bit LED
it SrS:Eu?t
composition SrY, S, Eu?*
CalLa2s,:Ce**
(Ca, SrS:Ev*
White light illumination
EP 1139440 system with improved | YAG:Ce Blue-LED
2001-10-4
color output
Light-radiating
- semiconductor Componenmt
20010030326 : . P YAG:Ce Blue-LED
with a luminescence
2001-10-18 :
conversion element
US Method of producting a
20010045647 wavelength converting ASBSOlz'M Blue
casting composition
CaS:Eu
us - N i AEU ,,LnB,0Og
2001050371 ng.ht emltt!ng A: Li, K, Na, Ag Blue
2001-12-13 diode device | 1 v, La, Gd
B: W, Mo
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PDP

No B G R X |y
1 | CaWQ:Pb |Zn.SiO;Mn|  Y.,OzEu" |0.34/0.44 58
2 | Y.SiO::Ce |Zn,SiO, Mn| Y,OzEu™ ]0.31/0.38 100
3 | YPossVo1l |71 o uin YP%E\(F,%%O“: 0.3110.38 83
4
4 Ba'v,'gﬁl%“OZ Zn.Sio,;Mn| YBO3: EU |0.29/0.31] 150
3-
5 Ba'v,'gAl%“OZ Zn,SiO,;:Mn YGdOﬁE'?O?’: 0.31/0.31] 182
5 Eu Eu’
Bal\/lgA|1402 BaAllelgi YGd0.35BOQ,:
6 CEU? M s 0.30(0.31] 172




(Y,Gd)BO ;:Eu3*
Y,O5:Eu3?

Zn,Si0O,;:Mn2*

BaAl ,0,4:Mn?*
(Ba,Sr)MgAl ,,0,5:Eu?*
BaMgAl ,,0,-:Eu?*
(Ba,Sr)MaAl ;,0,:Eu?*
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