INTRODUCTTION ....coiiiiiiiiiiete ettt ettt e XIII

STUDY GOALS AND OBJECTIVES. ..o, XIII
REASONS FOR DOING THE STUDY ...coveiiiieeeeeeeeeeeeee e XIV
CONTRIBUTION OF THE STUDY AND FOR WHOM .......ccooevvvviiieeennn. XIV
METHODOLOGY AND INFORMATION SOURCES......cccooooiiiiiieeiiiiieees XV
ANALYST'S CREDENTTIALS ... .cootiiiiiiee ettt XVI
BCC ON-LINE SERVICES......oo e XVI
INTERNET ... XVI
RELATED PUBLICATIONS ... XVII
SUMM ARY ..ottt e e et e e e e e e e e et e e e eaaanaans XVIII
SUMMARY TABLE GLOBAL MARKET SIZE AND FORECAST FOR VARIOUS TYPES
OF LASERS, THROUGH 2008 ($ MILLIONS).........uuuuuiiiiiieeeeieeeee e eeeeeneeeaae e XIX
SUMMARY FIGURE GLOBAL MARKET SIZE AND FORECAST FOR VARIOUS
TYPES OF LASERS, 2001-2008 ($§ MILLIONS).........couuuvieeeiieieeeeeeieeeee e eeeeeanneens XX
OVERVIEW oot e et e e et e e et et e e e e e e eeeaans 1
DEFINITION OF THE SUBJECT ...t 1
TERMINOLOGY ..ot e e e e e e e eeaaans 1
SCOPE OF THE FIELD ..o 2
IMPORTANCE OF LASERS ... 2
A BRIEF HISTORY OF LASERS . ... 3
A BRIEF HISTORY OF LASERS (CONTINUED) ....ccooeeviiiiiiiiiiiiinne.. 4
HOW LASERS AFFECT OTHER RELATED INDUSTRIES.......ccccoevvviiene. 5
HOW LASERS AFFECT OTHER RELATED INDUSTRIES
(CONTINUED) ..ot 6
MAJOR PRODUCT CATEGORIES ... 7
LASER WAVELENGTH ... 7
PRODUCTS BASED ON HOST ... 8
PRODUCTS BASED ON PUMPING TECHNOLOGY ......ccovvveeeeeeininnn.. 9
GAS LLASEIIS wevneiiiiiie e 9
Liquid (Dye) LaSers ....ueeiiiiiieeeeiiiieeeeeeeee e 9
SOl1d-State LaSersS....cccuuiiiieiiieieeeeeeee e 9
MAJOR MARKET/APPLICATION CATEGORIES .....c.coovviiiiiieeeeeeeeeee, 9
INDUSTRY oot e e e e e e 9
MEDICAL ...t e et e e e raae e e 10
OPTICAL STORAGE ... oo 10
REMOTE SENSING ....cooottiiiiiiieee e 10
BASIC RESEARCH.........o oo 10
ENTERTAINMENT ...t 10
OTHERS ..o e eeeaaas 10
IMPORTANT INDICATORS FOR THE INDUSTRY BEING STUDIED...... 11
MAJOR ISSUES AND FORCES FOR CHANGE .......cccooiiiiiiiiiiieeiie 11
GLOBAL ECONOMIC AND GEOPOLITICAL CHANGES................. 11

CONSUMER NEEDS ...ttt 12



NOVEL SOLUTIONS ..ottt 12

MAJOR ISSUES THAT AFFECT THE FIELD ......cccovovvvveiiiieeeinnnnnnnn, 13
Critical Components . ....coeeeiivuiieeiiiiiieeeeeiiieeeeeeeeee e e e 13
Critical Components (Continued)............ccoeeeeevvvvneeeerennnnn.. 14
TN D USTRY oot e et e e e e e et e e e e e e e e e e e e e e e aaeeeeaaeeee 15
INDUSTRY STRUCTURE ... 15
OWNERSHIP ...ttt e e v e 15
PRODUCTSS oottt e et e et e e e aees 15
SIZE OF THE COMPANY ...ttt e v 16
INDUSTRY PARTICTIP AN T S ..ottt e e e eeae e 16
TABLE 1 MAJOR MANUFACTURERS THAT PRODUCE SOLID-STATE LASERS
ONLY ..o 17
TABLE 2 MAJOR MANUFACTURERS THAT PRODUCE BOTH SOLID-STATE
AND/OR OTHER TYPES OF LASERS .....oooooueeeieieieeieeeeeeeee e aasssssssnssssnnnnnnes 18
TABLE 3 MAJOR MANUFACTURERS OF LASER CRYSTALS (INCLUDING
NONLINEAR ELEMENTS) AND LASER COMPONENTS ... 19
TABLE 4 MAJOR MANUFACTURERS OF COMMERCIAL SOLID-STATE LASERS
ACCORDING TO LASER TYPE: LAMP PUMPED..........ccoiiiiiiiiiiiiiiiiiieiiieeeeeeeeeeeeiieeeeeeeeeeeann 20
TABLE 5 MAJOR MANUFACTURERS OF COMMERCIAL SOLID-STATE LASERS
ACCORDING TO LASER TYPE: TUNABLE..........ooouuuueeeteeiiiesssssssssnnnnes 21
TABLE 6 MAJOR MANUFACTURERS OF COMMERCIAL SOLID-STATE LASERS
ACCORDING TO LASER TYPE: DIODE PUMPED ........ccccooveeeeeeeeeieeeeeeeeeeeeeeeeeeeeeeeeeeeeenan 21
TABLE 6 (CONTINUED) .....ccoooooeeeeee ettt e e e et e e e e et e e e e e e e e eaaaneaeeeseennaneens 22
TABLE 7 MAJOR MANUFACTURERS OF LASER CRYSTALS: LASERS BASED ON
RARE-EARTH TONS ... ee e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e enanas 23
TABLE 8 MAJOR MANUFACTURERS OF LASER CRYSTALS: LASERS BASED ON
TRANSITION METAL IONS (TUNABLE LASERS) .........uuutiiiiiieeecccciiieee e eeeeeccivveeaa e e e 23
TABLE 9 MAJOR MANUFACTURERS OF ULTRA-FAST LASERS SYSTEMS AND
RELATED COMPONENTS ...ttt e ettt e e e e ettt s e e e eesaaraeeaaees 24
TABLE 10 MAJOR MANUFACTURERS OF LASER SYSTEMS BASED ON OPO
(OPTICAL PARAMETRIC OSCILLATION).....cccciiaiiiiiiieiee e eeeeeciaeeeee e eeeeiaanaaaa e e 25
TABLE 11 MAJOR MANUFACTURERS OF VARIOUS LASER ACCESSORIES...................... 25
TABLE 12 MAJOR MANUFACTURERS OF DIODE LASERS MAINLY USED FOR
PUMPING SOLID-STATE LASERS ... 26
DYNAMICS OF THE BUSIN E S S ..ot 26
OUTSOURCING ...ttt e e e et ae e e e e e 27
MARKET NEEDS ..o 27
REPOSITIONING ...t aaa 27
INFLUENCE ON SALES ..ottt e e aan 28
RELATIVE ADVANTAGE ..o 28
PRICING ... oottt e et e e e taeeeeaaeeeas 28
OPERATIONAL COSTS ..ottt ettt e v e 29
FIGURE 1 DECREASE IN PRICE OF DIODE LASER ARRAYS, 1990-2004 ($ PER
AVERAGE POWER IN WATT PER YEAR). ..ot eeeeeeieeee e eeeeeiaaeeeaae e 29
TABLE 13 MAIN FACTORS THAT AFFECT THE BASIC COST OF A LASER SYSTEM......... 30
PRODUCT DISTRIBUTION CHANNELS ..ot 30

CUSTOMERS.....coiiiiiee et e e e 31



TECHNOLOGY ..ottt ettt ettt e s e e s e e 32

MAJOR TECHNOLOGIES.........cco oo, 32
THE LASING ELEMENT ..........outiiiiiieieeeeeeesaaaneaees 32
THE PUMPING UNIT ... ..o 33
OPTICAL PARTS ...ttt e eeens 33
MANUFACTURING PROCESSES AND METHODS .........cccccviiiieeeeeee 33
CRYSTAL GROWTH (APPLIED TO SOLID-STATE LASERS).......... 33
TABLE 14 EFFECT OF CRYSTAL PROPERTIES ON THE LASER PERFORMANCE
PARAMETERS ...ttt e e ettt e e e e e e e e aaa e e e e e e e eeeaaaaaeeaeeeeeeesaastaaeeeeeeeenrrarees 34
OPTICAL FABRICATION (APPLIED TO ALL TYPES OF
| DYANS ] D123 ) PP PUPPUUPPPRRRPRt 34
DIODE ARRAY FABRICATION OR LAMP FABRICATION
(APPLIED TO SOLID-STATE LASERS) ... 34
OPTICAL DESIGN ..ot 35
MECHANICAL AND THERMAL DESIGN........ccoovviiiiiieeeeeeeeeee, 35
MECHANICAL ASSEMBLY ...oouiiiiiiiieeee e 35
PROCESS ECONOMICS ... ..ottt es 35
TABLE 15 PROCESS ECONOMICS OF A SOLID-STATE LASER............uuueeeieeecciiiieeeeeeeeeccnnnne, 36
TABLE 16 COMPARISON OF SEVERAL PROPERTIES OF SOLID-STATE AND GAS
LASERS BY APPLICATION ......uouoieeiieie et eetteeeeetee e ettt e e eaaeeesvaeaesaasaaesnaaaeessnnsaeesnnssaaaeas 37
NEW TECHNOLOGICAL DEVELOPMENTS........ouuiiiiiiiiiiiiiiieiiiiieneens 37
DEVELOPMENTS IN COMPONENTS........oovieeaas 37
DEVELOPMENTS IN SYSTEMS .......ooviiiiiiiieieeeaees 37
DEVELOPMENTS IN APPLICATIONS ..., 38
TABLE 17 MAJOR TECHNOLOGICAL DEVELOPMENTS .......oooooioiiiiiiiieeeee et eeeeeaians 38
TABLE 17 (CONTINUED) ..ottt e ettt e e e e e e e aave e e e e e e e s tbtaaaaaa e e eesssnsaaaaeaaeseansssrens 39
N A\ I SRR 39
TABLE 18 NUMBER OF PATENTS FOR SOLID-STATES LASERS ISSUED IN
SEVERAL GEOGRAPHICAL ZONES, 1963-2002 ..........cccuoceevueeeeaaaeeeeciiieeeeeeeeeeeeciiareeeaeeeeenenns 40
TABLE 19 NUMBER OF PATENTS: GAS LASERS, 1963-2002............ccccccovueieeeciieeeeecveeeeecvenaann, 40
TABLE 20 NUMBER OF PATENTS: EXCIMER LASERS, 1963-2002.............cccoevevvueeeeeeeeeeccnnnne. 41
TABLE 21 NUMBER OF PATENTS: DYE LASERS, 1963-2002.............cccccovueeeaeeiieeeeciieeeeecvenaenns 41
TABLE 22 NUMBER OF PATENTS: CERAMIC LASERS, 1963-2002.............ccccoouveeeeiueeaeecrenan, 41
RATE OF GROWTH ...t 41
TABLE 23 NUMBER OF PATENTS FOR ALL TYPES OF LASERS ISSUED BY
SEVERAL LASER MANUFACTURERS IN THE U.S., 1971-2002.............ouuceeeeeeeccvrveeeaaaaeann, 42
TABLE 24 NUMBER OF PATENTS RELATED TO ALL TYPES OF LASERS
ASSIGNED TO THE MAJOR LEADING LASER COMPANIES, 1963-2002........................... 43
FIGURE 2 PERCENT OF PATENTS RELATED TO ALL TYPES OF LASERS
ASSIGNED TO LEADING COMPANIES, 1963-2002..........ccccovuueeeeeeeeeeciiieeeeeeeeeeecciivveeeeaaeeens 44
SUBJECTS BEING PATENTED .....ccooovviiiiiiiiiiieeeeeeeeeeeeeeeeeeeeeee 44
R&D LEADERS ...ttt ettt e e e e e e 45
RESEARCH CENTERS ......oout e 46
UNIVERSITIES ......ootiiiti s 46
Universities (Continued) ...........cveeeeeeiiiiiiiiiiiiiiieeeeeeeeeeeveee e, 47
PRODUCTS ...ttt e e e e e e e e e e e e e e e s e e e e e e eeesesnaaannnns 48

CATEGORIES ....ccoiitiiii et e 48



TABLE 25 MAIN PRODUCTS: VARIOUS TYPES OF COMMERCIAL LASERS........................ 48

TABLE 25 (CONTINUED) ...cc.vveeieeeee e eetee e eettee e tveaeeeveae s sataaaasstaaasssstaaeessssaeaesnssaaeessssesennns 49
TABLE 25 (CONTINUED) ......vveeeeeteee ettt e et e e tvae e e stvae e e stbaeeesnstaeaesssasessnraseesnseesennns 50
TABLE 25 (CONTINUED) .......uveeeeeeeee ettt et e tvee e e aae e e sttaa e e sataeaesattaeeesasrasessaraeassnssesennns 51
SA LS oottt ——————————————————————————————————————————————————————————————— 51
TABLE 26 WORLDWIDE SALES OF COMMERCIAL LASERS BY TYPE, 1998-2003 ($
BILLIONS).....oooieeeiet ettt ettt ettt et e e ettt e sttt e e s et e e s e nstaeeeestbeeesssbaeesanssaeesanssaaesnsseeesnnsseeens 52
TABLE 27 WORLDWIDE SALES OF VARIOUS TYPES OF NON-DIODE LASERS
ESTIMATED FOR 2002 ($§ MILLIONS)........cccoiueiiiee ettt eeeeiaaae e e e e e e e eeavaraee s 52
ECONOMIC PARAMETERS ACCORDING TO LASER TYPE ..................... 52
DRAWBACKS OF THE CURRENT PRODUCTS ........cccccvvvviviiininnnnns 53
TABLE 28 DRAWBACKS OF AVAILABLE COMMERCIAL LASERS: OPTICAL
ASPECTS ..ottt et ettt e e ettt e e e et e e e e e tb e e e e s tbaeeestaaeeeeabeeeeearaeaeeataeeansreeeenrees 54
TABLE 29 DRAWBACKS OF AVAILABLE COMMERCIAL LASERS: MECHANICAL
AND THERMAL ASPECTS.......oooeeeeeeeeeee ettt eeetvee e e stae e e e stva e e e savaeaesasvaaeessranaeenes 55
CURRENT MAJOR DEVELOPMENTS IN SOLID-STATE
LASERS ..ottt et aaaaaaaaaraaaaa 55
Solid-State Laser Technology and Laser Crystals..................... 55
TABLE 30 CURRENT MAJOR DEVELOPMENTS: TYPE OF LASERS VS.
TECHNOLOGY ...ttt ettt e e e e e e e et e e e e e e e e e saaasaaeaeeeeeeeasasseeeeeseenssarees 56
TABLE 31 CURRENT DEVELOPMENTS: LASER CRYSTALS ACCORDING TO
MANUFACTURERS ...ttt ettt e et e e e ettt e e e tae e e e sataeaesssaaaeesssaaaesenssseeeassseeesnnseens 57
TABLE 32 MAJOR MANUFACTURERS OF LASER CRYSTALS UNDER
DEVELOPMENT: TUNABLE LASERS .........ooooieeee et eeeeee e evaea e evaea e e eanaeas 58
Major Developments in Laser Systems (Towards
Commercialization) .......cooeeivvvieeeiiiiiiiee e 58
TABLE 33 MAJOR MANUFACTURERS OF COMMERCIAL SOLID-STATE LASERS
UNDER DEVELOPMENT ACCORDING TO LASER TYPE: LAMP PUMPED..................... 59
TABLE 34 MAJOR MANUFACTURERS OF COMMERCIAL SOLID-STATE LASERS
UNDER DEVELOPMENT ACCORDING TO LASER TYPE: TUNABLE...............uuueveeeeenn. 60

TABLE 35 MAJOR MANUFACTURERS OF SOLID-STATE LASERS UNDER
DEVELOPMENT ACCORDING TO LASER TYPE: DIODE-PUMPED LASERS

OINLY oottt et e e et e e e a e e e e taae e e e ataee e e assaeeensbaeeeasssaaeeasssaaeeanssbeeeasaaeeassaeeeeanrees 61
TABLE 36 CURRENT MAJOR DEVELOPMENTS: EXCIMER LASERS VS.
TECHNOLOGY .....uoeeeeeeieee ettt e e et e e st ee e sttaee e s ataaeesastsaseeanssaseeanssaeeeasssesesssseesnsseeens 62
Wavelength .......coooeiiiiiiiiiiee e 62
Narrow Bandwidth ........cccooooviiiiiiiiiiiii e 62
UV OPLICS ettt 62
High Power Levels: ........oviiiieiiiiiieeee e 63
Wavelength and Focus Stability ........cccoeeeeiiiiiiiiiiiiinnn.... 63
TABLE 37 MAJOR MANUFACTURERS OF EXCIMER LASERS IN DEVELOPMENT........... 63
FIGURE 3 THE MARKET SHARE ACCORDING TO ANNUAL SALES OF SEVERAL
LASER MANUFACTURERS (%5) «eveeeeueeeeeeeiieeeeeteeeeeeteeeeeevteeeeevee e essvaeaesavseeesnaaeaessssesesnnnseeenns 64
MARKET SECTORS AND APPLICATIONS.........ooovviiieeeeeeeeeeeeeiiin, 64
TABLE 38 CURRENT MAJOR APPLICATIONS OF COMMERCIAL VARIOUS TYPES
OF LASERS ...ttt ettt et e e et e e e ettt e e e s aba e e e s staeeessaaseeeeanstaeeeessssassaeeeennsees 65
I AUSEEY e 66
MEAICINE e e e e e e 66
Basic Research..........oouoviiiiiiiiiiiiee e 66

Remote Sensing ........cceeeeeiiiiiiiiiiiiiiee e 67



TN StrUMENTATION oo e 67

Image Recording .........ccooeeeiiiiiiiiiiiiiiee e 67
INSPECTION ...uuiiiiiiie e 67
(017013 = JO ST U U ORUPPUPURUPUINt 68
ESTIMATE OF MARKETS AND FORECASTS ..., 69
INTRODUCGTION ..ottt e e e e e e et e e e e e eeeees 69
MARKET ANALYSIS: PRODUCT TYPE ....cooiiiieeee e 69
TABLE 39 WORLDWIDE MARKET FOR VARIOUS TYPES OF LASERS, THROUGH
2008 (§ MILLIONS).....vveoeeeooeeeee oo eeee e s s eesseees e e se s e s e s es s ees e ees e es s es s seeeees e 69
TABLE 40 GLOBAL MARKET SIZE AND FORECAST FOR SOLID-STATE LASERS,
THROUGH 2008 (§ MILLIONS) ....cccccciuteiieiiieeeeeeiieeeeeteeeesiteeeesvaeesssaeesssssseeeesssssesssssesssenssens 70
ASSUMPTIONS: ... 70
FIGURE 4 GLOBAL MARKET SIZE AND FORECAST FOR VARIOUS TYPES OF
LASERS, 2001-2008 ($§ MILLIONS) ......ccccuveiieiiieee e eeeieeeeeeieeeeeetaee e e saveeeeseanaeessanaaeesasaeeean 71
FIGURE 5 THE AVERAGE ANNUAL GROWTH RATE (AAGR) FOR ALL LASERS,
2003-2008 .....coeveeeeeiiieeeeie et ieee ettt a e e ettt e e e et ettt ——ae e et ettt e e et aetttttaaaaeeetttetttraaaeeaaaan 72
MARKET ANALYSIS BY APPLICATION ......cooiiiiieee e 72
INDUSTRIAL APPLICATIONS .. ..o 72
TABLE 41 WORLDWIDE MARKET FOR VARIOUS TYPES OF LASERS FOR
INDUSTRIAL APPLICATIONS, THROUGH 2008 ($§ MILLIONS) .......cccccoouaeeiiieeeeneeeeeeeceinns 73
FIGURE 6 WORLDWIDE MARKET FOR VARIOUS TYPES OF LASERS FOR
INDUSTRIAL APPLICATIONS, 2001-2008...........uuuueeeeeeeeeecereeeeeeeeeeeeiireeeeeeeeeeeeiineeseaeeeeessinnns 73
MEDICAL APPLICATIONS ......outtttiitiiiiiieiiiiiiiiiiitiiiieeaaeeeeeaeaeeenaanannes 74
TABLE 42 WORLDWIDE MARKET FOR VARIOUS TYPES OF LASERS FOR
MEDICAL APPLICATIONS, THROUGH 2008 (§ MILLIONS) ....ccccooveeeeeeeeeeeeciieeeeeeeeeeeeennnns 74
ASSUIMPTIONIS . .evuniiiiiiieeeeeeiee e e e e e e e e et e e e eeaaanes 74
FIGURE 7 WORLDWIDE MARKET FOR VARIOUS TYPES OF LASERS FOR
MEDICAL APPLICATIONS, 2001-2008 (§ MILLIONS) ......cuuuiiiiiiiiiiiiiieeeeeeeeeecciiieeeeeeeeeeeeeeinans 75
THE MARKET FOR BASIC RESEARCH...........ccoovviiiiiieeeeeeeeee, 75
TABLE 43 WORLDWIDE MARKET FOR VARIOUS TYPES OF LASERS FOR BASIC
RESEARCH, THROUGH 2008 (§ MILLIONS).......oocuoeeiiieiiieeeeeee e eeeeeeiivreeeeaeeeeeneiannns 76
FIGURE 8 WORLDWIDE MARKET FOR VARIOUS TYPES OF LASERS FOR BASIC
RESEARCH 2001-2008 ..........uuoeeeeieeeeeeieeeeeeiieeeesiveeeesiteeesssasseasssssssaesssssesssssssesesssssesssssssssessssees 76
MARKET FOR INSTRUMENTATION ...t 76
TABLE 44 WORLDWIDE MARKET FOR VARIOUS TYPES OF LASERS FOR
INSTRUMENTATION, THROUGH 2008 (§ MILLIONS) ....cuuvuiiieiieiiiiiiieeeeeeeeeciireeee e e e e 77
FIGURE 9 WORLDWIDE MARKET FOR VARIOUS TYPES OF LASERS FOR
INSTRUMENTATION, 2001-2008 ($ MILLIONS).......ccccuuciouitiiieeeeeeeciiiieeeeeeeeeeciiveeeaaaeeeesiinnns 77
MARKET FOR MISCELLANEOUS.........ooiiiieeeiiecceeeeeeeeeeee, 78
TABLE 45 WORLDWIDE MARKET FOR VARIOUS TYPES OF LASERS FOR
MISCELLANEOUS APPLICATIONS, THROUGH 2008 ($ MILLIONS)........ccccovvveeeeeecnnnnen.. 78
FIGURE 10 WORLDWIDE MARKET FOR VARIOUS TYPES OF LASERS FOR
MISCELLANEOUS APPLICATIONS, 2001-2008 (§ MILLIONS) .......couuuveeieieeiiiieeeeaeeeeeeccinns 79
TABLE 46 WORLDWIDE SALES OF ALL TYPES OF LASERS FOR MAIN
APPLICATIONS, 2001-2008 (§ MILLIONS).......ccouoiiueeeiieeeeeeeeiieeeeeeeeeeeeeeeee e e eeeeireneeeeeeeeens 79
FIGURE 11 TOTAL SALES OF ALL TYPES OF LASERS FOR MAIN APPLICATIONS,
2008-2008 (8 MILLIONS)..........eeeeooeeeeeeeeeeeeeeeeeeee oo eeeee oo eese e ees e seee e s ess s s ees e 80

Total Growth Rate Per Application ..........ccccceeeeeeiiiiiiiiiiiiiinn.... 80



FIGURE 12 THE AVERAGE ANNUAL GROWTH RATE (AAGR) FOR ALL TYPES OF

LASERS BY APPLICATIONS, 20083-2008............cccccceuueeaieiieeeeeirieeeeeieeeessisveeessiseeessssssessssseeens 81
OUTLOOK FOR THE FUTURE ....ccooviiiiiieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee 81
SOLID-STATE LASERS ... 81
Solid-state Lasers (Continued)..............cceeeeeeeeiiiiiiiiiiiiiieeeeeeeeeeens 82
NONLINEAR SYSTEMS ... eeeaans 83
GAS LASERS ..ot 83
APPENDIX T .., 84
COMPANY PROFILES ......oooiiiiiiiiiiiiiiiiieeeeeeeeeeeeeeeeeeee e eeeeeeeeeeeeseseeseeeeseeeees 84
B & W TEK, INC. .....ootiiiiiiiiiiiiiiiiiiiiiiiieeiaeeeaeeeeaeaanesanenennnenennnnnnnes 84
COHERENT PHOTONICS GROUP .....ccoooviiiiiieeeeeeeeeeee 84
Coherent INC. ......cceeeeiiiieeeee e 84
CUTTING EDGE OPTRONICS, INC......coooeeieiieieeeeeeeeeeeeeeeeee 85
CYMER INC. .o 85
FUJIAN CASTECH CRYSTALS INC. ...ooiiiiiicceeee e 85
JDS UNIPHASE CORP. ... 86
LAMBDA PHYSIK CO. LTD. ....oovttiiiieeeeieeeeeciceeee e, 86
LIGHTWAVE ELECTRONICS CORP. ........coooeeeeiiiiiiiiiiiiieeeeeeeeeeeea, 87
LIMO-LISSOTSCHENKO-MIKROOPTIK GMBH............cccooeeeeeennnnn. 87
MELLES GRIOT, INC. ....outii e eenaeeeeees 87
NOVA PHASE INC. ...ooiiiiiiiiiiiiiiiiieiteteeiiteetaaavaaaaaasaaaaaesaeaaaassaessnnnnnne 88
POLYTEC GMBH .......ooiiiiiiiiiiiiiiiiiiieiiveeaeaaevaeaaaaaaaasaaannnees 88
Q-PEAK INC. ..ottt e e s aasaessaaaaaees 88
SAINT-GOBAIN CERAMICS & PLASTICS INC.....cccceoiiiiiiiiiiinnn.. 89
SAINT-GOBAIN CRYSTALS DETECTORS ........ociiieeiiiee 89
SCHWARTZ ELECTRO-OPTICS INC....cccccooiiiiiiiiiieeeeeeeeeeeeee e, 89
SCIENTIFIC MATERIALS CORPORATION.........cooieeieiiiiiiicceee 89
SHENZHEN LASER OPTICAL SYSTEM CO. LTD ........coovvvviieeenn.... 90
SPECTRA-PHYSICS LASERS, INC. ....coooeiiiiiiiieeeee e 90
VLOCG, INC. ..ottt 90
APPENDIX IL. . 91
PATENTS ..ottt aaeaaaaaaaesassassasssssnnssnsnnsssnnnnnnnns 91
GAS LASER ...ttt 91
AIR COOLED RF INDUCTION EXCITED ION LASER..................... 91
HIGH-PRESSURE GAS LASER APPARATUS AND METHOD
OF LASER PROCESSING .....ccovviiiiiiiiiiiieeeeeeeeeeeeeeeeeeeeeeee e 92
SEMICONDUCTOR LASER PRODUCING VISIBLE LIGHT............ 92
TUNABLE LASERS PUMPED BY VISIBLE LASER DIODES.......... 93
LASER RANGE SIGNAL PROCESSING METHOD AND
DEVICE ...t e e e e e e e e e e e s e eesaeeeeees 93
OPTICAL COUPLING SYSTEMS .....coooiiiiieeeeeeeeeeeeeeeeeeee, 94

METHOD AND SYSTEM UTILIZING A LASER FOR
EXPLOSION OF AN ENCASED HIGH EXPLOSIVE.................... 94



INJECTION MODE-LOCKING TI-SAPPHIRE LASER

SYSTEM ..ottt 95
OPTIC FIBER STRUCTURE FOR EFFICIENT USE OF

OPTICAL PUMP ENERGY IN THREE-LEVEL RARE-

EARTH DOPED FIBER LASER .....cccoiiiiiiiiiiiiiciecc, 95
SEMICONDUCTOR LASER DEVICE, SEMICONDUCTOR

LASER MODULE, RARE-EARTH-ELEMENT-DOPED

OPTICAL FIBER AMPLIFIER AND FIBER LASER..................... 96
LIGHT SOURCE ..ottt 96
SOLID-STATE LASER .....cooiiiiiiteee e 97
GAS LASER ...ttt 97
WAVELENGTH-STABILIZED NARROW BAND EXCIMER

LASER ..ottt 97
OPTICALLY PUMPED LASER WITH MULTI-FACET GAIN

MEDIUM ...ttt e e 98
RARE EARTH COMPLEXES .....coooiiiiiiiiiiiiiiieceeeec e 99
ARTICLE COMPRISING AN IMPROVED SUPERLATTICE

QUANTUM CASCADE LASER .....coooiiiiiiiiiieeieeeceeceeeee 99
PULSED SOLID-STATE RING LASER INJECTION LOCKING

STABILIZER ...ttt 100
OPTICAL COUPLING SYSTEM FOR A HIGH-POWER DIODE-

PUMPED SOLID-STATE LASER.......ccccccooviiiiiiniiiiiiiiieeceee 100

SINGLE-MODE OPERATION AND FREQUENCY
CONVERSIONS FOR DIODE-PUMPED SOLID-STATE

LASERS ... 101
SUB-NANOSECOND PASSIVELY Q-SWITCHED MICROCHIP

LASER SYSTEM.....coooiiiiiiiiiiiieeeec e 101
HIGH POWER LASER .....oooiiiiiiiiiiceeeccec e 102

SEMICONDUCTOR—SOLID-STATE LASER OPTICAL
WAVEGUIDE PUMP.....ccccoiiiiiiiiiitcee e 102



