


Contents

Part I: Introduction

Chapter 1

Introduction to the handbook..........ccouvievviniiniiiici 3
B Y £ o 1411 4T ) Lo¥ RO 3
1.2  Past and present phosphor research...........cccoouiiiinniiiiinnnininiinccnnnes 4
1.3  Applications of phosSphOLs..........cccovuiiniiiininiiniiiees 5
14  Contents of the handbook ... 6

Part II: Fundamentals of phosphors

Chapter 2

Chapter 3

Fundamentals of IUmMINeSCeNCe............ccuvcrminiiinerinienicinseniiceeeseenns 11
2.1  Absorption and emission of light........cceevuveniniiiievniiiiins 11
2.2 Electronic states and optical transition of solid crystals ..................... 21
2.3 Luminescence of localized centers .........ccocoeiereinreciiniinecensnninicnnnee, 35
2.4 Impurities and luminescence in semiconductors ............coeevuevniucnnee. 49
2.5 Luminescence of organic compounds...........cccouvevinerrinrennsnsnnisesnacinnes 61
26 Luminescence of low-dimensional ) 1153 (1 O 71
2.7 Transient characteristics of luminescence ..........cccoccueueicivniniccriecncnnen, 85
2.8  Excitation energy transfer and cooperative optical phenomena......101
29  Excitation mechanism of luminescence by cathode-ray

and ionizing radiation ... 113
2.10 Inorganic electroluminesCen e ..........ovvvcuccirirnnincrcnircresssnanaienennnnee 123
Principal phosphor materials and their optical properties..........cc.cceveuneee 141
3.1 Luminescence centers of Ns?-type iONS ......cocccvvireierivcunecuenncnenersnenenene 141
3.2 Luminescence centers of transition metal ions .........cccecevevcvecrereunennne 153
3.3 Luminescence centers of rare-earth ions.........ccececveeenircccccccercerunnnen 178
34 Luminescence centers of complex ions .........cccvevvvirevcncerinircerureennennnes 201
3.5 Ia-VIIb cOMPOUNS .....cueririrrinrinrntininiscsisesisisssssseasesessesesssecsessenns 213
3.6 IIa-VIb COMPOUNAS ......ocurmicrrininnincrsiisenesescnsnsesensesasesessssesessesasssesasnns 217
3.7  TIb-VID COMPOUNMS ....oucouneeririairnnctrinessenensecnsasesessensessssesesssssssesessnes 231
3.8 ZnSe and related luminescent matenals .............................................. 259
3.9 IIIb-Vb cOMPOUNS .....ocuviirinincnrriiieiiennenneeeniesssrssesesssssessnesessssssssenes 267
3.10 (Al,Ga,In)(PAs) alloys emitting visible luminescence........................ 277

3.11 (Al,Ga,In)(P,As) alloys emitting infrared luminescence..................... 285



Part 11I:

Chapter 4

Chapter 5

Chapter 6

Chapter 7

Chapter 8

3.12 GaN and related luminescence materials .......cccoeeeeeererreercennreerieeniecenne 293

3.13 Silicon carbide (SiC) as a luminescence material..........c.ccccevvrirrrnneen. 307
Practical phosphors
Methods of phosphor synthesis and related technology ...........cccuevvueuneees 317
4.1 General technology of synthesis..........cceveviniiniiriieniieninninnniesne, 317
4.2 Surface treatment.........coeiimiiiiniiii e 331
4.3 Coating Methods .......cccoveeiniiireiniii 337
44  Fluorescent Jamps......ccoeiiiiinicnininininnsiiiienissessssseies 343
4.5 Mercury Jamps......occeieninninnii s 348
4.6 Intensifying screens (Doctor Blade Method) .......c.cccceunueieriiniinnnnnes 348
4.7 Dispersive properties and adhesion strength.............ccoecvuviiriernnnennnee. 351
Phosphors for Jamps.........ccceeeeiiiiniin s 359
5.1 Construction and energy conversion principle

Of Various Jamps ... 359
52 Classification of fluorescent lamps by chromaticity

and color rendering properties ..., 367
5.3 High-pressure mercury lamps .......c.coouvrivivnisnnennnneeninen. 375
54  Other lamps using phosphors...........ccouveiiiriiiiiiininicins 379
5.5  Characteristics required for lamp phosphors...........cccceeeiiniiiunnnnns 383
5.6  Practical lamp phosphors..........cooiiiinniiines 389
5.7  Phosphors for high-pressure mercury lamps........cocoevvvivninieinncnnnnnen. 433
Phosphors for cathode-ray tubes............ccocccoenininiciiinincininnenre s 445
6.1 Cathode-ray tubes ............oceoirirrurieriiriniininicniereniecnieeeeeeeeee e w445
6.2  Practical phoSPhOIS..........cccoiiiiiiniiic e 459
6.3  Practical phOSPhOIS.........cccoiiiiiiiniricctne e 489
6.4 Phosphors for observation tubes ............ccovuereernncnnensnesessesssssssenes 499
6.5 Phosphors for special tubes.........c.ccceurirrurinrininirinincersnneceeisesenresessseeenes 502
6.6 Listing of practical phosphors for cathode-ray tubes............cecuencec. 509
Phosphors for X-ray and ionizing radiation ............uceomereeerereeereereneneeenne. 521
7.1  Phosphors for X-ray intensifying screens

and fluOTeSCENt SCIEENS..........c.ccuuruiricinnrcinrireinrineiseesessins e ssssaessssesennns 521
7.2 Phosphors for thermoluminescent dosimetry .........c.cccveeereirerennenns 531
7.3 SCNHIATOLS ..ottt st nas s sans 539
74  Phosphors for X-ray image intensifiers .........c.cooresercssrrernsensrnsennen. 549
7.5  Photostimulable phosphors for radiographic imaging........cc........... 553
Phosphors for vacuum fluorescent displays and
field emission diSPIAYS ............ccemrenrirnsiinrinniiesiensrsises s eesssseseeseesessseeaseessesens 561
8.1  Vacuum fluorescent displays.........cccoveerernmirerirernrinsrnsiinsesrnsssrnsie e, 561

8.2  Field emission diSPlays .......ccccuuuniueruenriineirinirieecseeseeeeeseesesseesessessseesanns 573



Chapter 9

Chapter 10

Chapter 11

Chapter 12

Chapter 13

Part 1V:

Chapter 14

Chapter 15

Electroluminescence MaAteTialS .....ccccviveeeerreeecesrereeeeresseeeeeesssneesesssssseesesssnssssesssssssnns

9.1 Inorganic electroluminescence materials...........cccocevreueuecrvrcmemreeeenerecnne 581
9.2 Inorganic electroluminescence ..........courieeirierncuririrciesiesiinsencnecsesens 601
9.3  Organic electroluminesCence. ...........couevviiivimeiincniiecncccsereescseseeenees 613
Phosphors for plasma displays.........cccccovuciiiniiniinininrinniniccninneccneseseesenen. 623
10.1 Plasma display panels.........cceiiinnincnnniniccsinsnnesenseseeseesescssesenes 623
10.2 Discharge gases...........cccovuvmierrinnereinnieinnse s ssssssssns 626
10.3 Vacuum-ultraviolet phosphors and their characteristics................... 627
10.4 Characteristics of full-color plasma display panel...............cccceu..... 635
Organic fluorescent pigments .........ccoeccrericrnnncrinennnennninns S 637
11.1 Daylight fluorescence and fluorescent pigments..........ccocovruveucuunnen 637
11.2 Manufacturing methods of fluorescent pigments...........cccocecurvrrnncee. 639
11.3 Use of fluorescent pigments............cccoeuemvevenuiresincectiuneininsesssiisenes 641
Other PhoSPROTS........c.ciiiiiiiicn e esne 643
12.1 Infrared up-conversion phOSPhOIS..........coeiiiivcmierieusiecrsisieniisnne. 643
122 Luminous paints...........i e 651
12.3 Phosphors for marking.........ccoecueuneerrinmseneiecnsininisiessssesesessnn. 659
124 Stamps printed with phosphor-containing ink..........cccceceeueuirivinnnee. 659
12.5 Application of near-infrared phosphors for marking..........ccc.cceee... 660
Solid-state laser materials ..........cocovviiiivcicierinicniniinse e 665
13.1 INtrOdUCHON ...ttt st ssesesses s 665
13.2 Basic laser principles..........ocnictininninciiciisssescsssenes 666
13.3 Operational schemes..............cocceurvinirinininininictsiniennineseesessesessesenssenene 669
13.4 Materials requirements for solid-state lasers...........ccoocrcuririvcrrerecncenee 670
13.5 Activator ions and centers..........ccoeviiinininiirininiinsccs e 672
13.6  HOSE 1attCeS ...uceucenerienincrniceeieecrsieeseasesssssessssssasessssssnsassens R 673
13.7  CONCIUSIONS ...ocveeeriitiiciisctisc s bsasas s 676

Measurements of phosphor properties

Measurements of luminescence properties of phosphors.........cccecveururnecce. 683
141 Luminescence and excitation spectra............ccevvuvrrrniricensnsiereniinenes 684
14.2 Reflection and absorption spectra...........ccciiiceniieinisicnnnsenenncnnen. 684
14.3 Transient characteristics of luminescence ..........c.cccovuveurrvcncrriensuenne. 684
144 Luminescence effiCiency ..., 684
14.5 Data processing..........ccccoueiisrininirieniiiinnisinisssen 684
14.6 Measurements in vacuum-ultraviolet region ..........cccoeceuvierevrnincnnnne 727
Measurements of powder characteristics...........ccocovvvuiirniincirinnnciniccnnccrcnenene. 733
15.1 Particle size and its measuremMents ...........cccoeveereuvercnniricersieccnnunenenens 684
15.2 Methods for measuring particle SiZe .........ccvivirevvrncerinecenersesennnne 739

15.3 Measurements of packing and flow.........cceneniiiinnicniecnenen, 756



Part V: Related important items

Chapter 16

Chapter 17

Part VI:

Chapter 18

Subject index

Optical properties of powder layers............ccooevniviinniinnnnicccne 763
16.1 Kubelka-Munk’s theory.........cocvvieiiiiiiniiniiinncce e 763
16.2  JohnsSon’s theOry ...t 777
16.3 Monte Carlo method.........cccccumiiiiiiiiiiiie e 789
COlOT VISION c.cvivrinrrritirciiitt et 799
17.1 Color vision and the eye..........cccccvviiriiiiiiniiirccceecccreees 800
17.2  Light and COlOT ..ot 802
17.3 Models of COlOr ViSION ..ot 803
17.4 Specification of colors and the color systems..........cccccececvervreerrecnnnnnn. 805
17.5 The color of light and color temperature..............coccoervreernnccnnnnee 812
17.6  Color reNdering...........cccuvuvircuiueeercicierircreerireeneeetsese s s essenssssssseaes 814
17.7 Other chromatic phenomena...........cccoceeueviernercneeernerenesenesisesesesenenns 816
History

History of phosphor technology and industry ...........cccccceeerecncnnncerennenee 821
18.1  INtroducCtion.......ucucviiiiiiitii et 821
18.2 Phosphors for fluorescent Iamps ..........c.cecevviirvirivicinerernencneninecnenenns 822
18.3 Phosphors for high-pressure mercury vapor lamps .........cccccocoeueencee. 834
18.4 Phosphors for black-and-white picture tubes .........cc.ccvecvrccuririnceennes 835
18.5 Phosphors for color picture tubes ...........cccccvcinemiiinmnrneeicrnircenirnenes 839
18.6  PhOSPhOTIS fOr X-Tay .........ccoouiiiiiiiriiriniicrnesicinenereeseeisisescsessesssessessanes 843
18.7 A short note on the history of phosphors...........c.ccccoeuveuriveerernenncnnanns 847
18.8 Production of luminescent devices utilizing phosphors.................... 848
18.9 Production of PhOSPhOIS......c.ccccvurieveinenirerririscrseeeecsne e 850

Chemical fOrMUIA INAEX.....c..icieeieeeeeeeeeeeeeeeeeer e eeeeseeseereeseseesess s seseesesresssseesessesesssssesssseseseeesaes 899






	page1
	page2
	page3
	page4
	page5
	page6

