The Worldwide Market
for Lasers

Market Review and Forecast
2018

Laser Focus World
61 Spit Brook Road, Suite 501
Nashua, New Hampshire 03060-5614

Lager -~ Waorld A

© Endeavor Business Media




Laser-ocusWorld

The Worldwide Market for Lasers

Trends and Five-Year Forecast (2017 - 2023)

Copyright © 2018 FENDEAVOR LaserFocusWorld



Copyright 2018 Strategies Unlimited & Laser Markets Research.
All rights reserved.

No material contained in this report may be reproduced in whole or in part without the express written
permission of Strategies Unlimited & Lasers Market Research. This report is intended for the sole and
exclusive use of the original purchaser and may not be distributed or transferred in any form to any other
person or entity.

Strategies Unlimited & Lasers Markets Research provides the information in this report for informational
purposes only and does not grant any express or implied warranty, guaranty, or representation concerning
the information contained in this report, its merchantability, or its fitness for a particular purpose or function.
Any reference to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise, does not necessarily constitute or imply its endorsement, recommendation, or
favoring by Strategies Unlimited or Laser Markets Research. Neither Strategies Unlimited and Laser Markets
Research nor any of its affiliates shall be liable to you or any third party in damages of whatever kind that
may result from any reliance on (or use of) any information contained in this report. By receiving this report,
you acknowledge that any reliance on information contained in this report shall be at your sole risk and that
no representations have been made to you that are inconsistent with the foregoing.

Copyright © 2018 FAENDEAVOR LaserFocusWorld 2



Table of Contents

Chapter 1: Executive Summary & Totals 13
1.1 The Overall Laser Markel .......cccuuiiiirieiieiieieeiee e ere e e e s e s s e s s e s s e e e s e s e nnn s e s rnaneeeeeennss 13
1.2 GOOd NEWS FIFOM 2017 ..iiieiiitiiieieieeeetis s s s e e e s e e eras e s s s e e esas s e s e e e e ee s s e e s e e s e ee b e s e e e sensrnn b s 13
1.3 Things Troubling iN 2017 ..cuuu i e e s a e e e e e s e raa e e s eb e e e e eeaaes 14
1.4 HiStOriC LASEr REVENUE ......cceiieeeiieieieeei e et e et e e e e e e e e s e s e e s e e e e e s e en s s e s ean s e eansennnsaennsennns 14

1.4.1 The Laser Market by SEgMENT .....ccuuueiiiiiiiiiii e 15
1.5 Laser Market Dy LaSEr TYPE .uiiiuuiiiiiiieiiiiiii et s sttt s et e s e er s s e e s e e s e e e e aa e s e rae e e e enan s 20
T R oY= gl I T PP 21
1.5.2  LOW-POWES DIOAE LASEIS ...cveruiieeriieieriseeesiassseesnssssnnssessnssesesnsssrsnnsssrsnnssessnnssessnnnserennnns 23
1.5.3  High-POWEr LaSer DIOAES .....cceiieieeriuiiieiieiiieiiiin s s s seeesnss s s s s s ssansssas s s e s s essnsnn s e e e s sensnnnnnseens 24
1.5.4  SOlid-State LaSerS...iiiiieerrruiieiiiertitiiis s s e e s e e e s s e s e e eraa e e s e e e e ee b s e e e e e e e er b a e e e e e e ererrnr s 25
T T 0 = =1 PP 26
I TG T o o Tt gl TS P 28
1.5.7  QUANtUM CaSCadE LaSEIS ....cuuuiiiiuiiiiiiiieieeiiie s s et s st re e et s e e e s da e e e s e e e e e e aaa e e e eaaaas 28
1.5.8 TOtal LASEr REVENUE ....cuuniiiiriiieieisieirree s se et s s ees s s s rr e s e e s e s e ran e s s sran s e rn s e e ensn e e rrnnnnenenrnnns 29
1.6 Laser Markel SUMMAIY .....couuuuuiiiiieiieii e s e r e s e e e e e s s e e s e e e e nnnnnn s 30

Chapter 2: Introduction 31
B B 1< T o (o] (o T 1Y PP PPTPPRRPPRI 31
2.2 COmMPAriSON Of LASEI TYPES ...uvururunnnnnnnnnnnnnnnnnsnnnsnnnnnnnnnnnsnnn s s 31

DA o [ 1o ) = (= = ET= T PP RPRPPRIY 32
2.2.2  Lamp-Pumped Solid-State Lasers (LPSSLS) .......viiiiiiiiiiiiiiii it eeis e ea e e e e 33
2.2.3 Diode-Pumped Solid-State Lasers (DPSSLS) ......cccceurruiiriiiriieriiee e eeeeeernis e s e e eenn s e e 34
2.2.4  TRIN-DISK LASEIS....ietuueieirtiiiernesetrtaasseeerssssssasssrsassserssasasaseeessseersnsesrsnssersssssssnnsnsernen 34
2.2.5  SlaD LASEIS ..uiiiieieeeiiiee ettt e et e et e e e e e e e e err e aeaaens 34
A T ) IS PRSP UPPPPIY 35
W A 1<) ol 1= PPN 35
2.2.8  QUANTUM-CASCAE LASEIS ... iiiruiiiitiie i eiii e et ettt e et e e e e e et e e e e ea e s e et e e e eaa e e e eann e eenan 36
R T OO I 1o PPN 36
2.2.10 EXCIMEE LASEIS cuuuiiiruueierrtiseennsssssrtaesssesssssssnssesssssesrsssesasaseessssaersnnsesesnsssensnsnssernsnneennnn 38
B B O = gl T g YT PP 38
2.3 PUISEA LASEIS . uuuuuieiiieiietiiiiae e e eeteetstees s e e e e e e eat e e s e e e e eee e e e e e e e e e e e baa e e e e e eeeennnnnaeeeeeeenr i aeaeaaees 38
2.3.1  Pump or Seed MOAUIALION ....ccvureiiiiieiiiieie e 39
G T O 1ol o1 T RPN 39
2.3.3  MOAE-LOCKING ... s 39
2.3.4  UIrafast PUISES .....cuvuuuieiiiiiieiitiis e e s ettt e e e e e et s e s s e e e ae s e e e e e e e e e basa s e e e e seeennnsnnnneanaeens 40
2.4 EYe-Safe OPEratioN ....ccevuuuiiiiiiieiiiies e e ettt e s e s e s e e e e e e e e e e s e e e e e e e e e e nrr e aaee 40

Chapter 3: KW Materials Processing 41
3.1 HIGRIGNES e s 41
T8 A = - ol (e | {011 oo PP 42

Copyright © 2018 FAENDEAVOR LaserFocusWorld 3



3.2.1  Segment DefiNitiON ......ccoooerreer e 42

3.2.2 Prices for Laser-Based Maching TOOIS .......uuuiiiiiiieiiuiiiisiesseesrssise s s s e s eessasss e e s s eeesnessnnnneesaeens 42
3.2.3 A Comment on Beam QUAlITY ...uuuiiiiiiiiiiii i 42
T I T g Y =N 43
3.3 Laser Metal CULEING ..ooceurureiiiiiciiii e e s e s e e e b e s s e e rnnr e aee 43
3.3.1 Laser Metal Cutting is Both a High Value and High-Volume Application...........ccccceeivivvnnnnennn. 43
3.3.2 Lasers Provide a Big Advantage Over Other Tools for Metal Cutting ..........cccvveriveviiiieennnnnenn, 43
3.3.3  Job Shops Buy MOSt Of THESE LASEIS ... ...uuuuuarnrareses s s 44
TG JE S B B = 1 g O = RPN 44
O TRC TR TG | I = Tt g O < PN 44
3.3.6  LaSEr TUDE CULLEIS ..vuuieieii e e e e e e e e e e s s e e e e e raa e e s ern e e e e en s e eennnnnnennen 44
TG T0 A 107 gl = 1= PPN 45
3.3.8 Power Levels and FIDEr VS. CO2 vuuuiiiiiiiiiiiiiiiniieeiiriiiiiss s e e s eesiss s s s s eernsss s s s s s e s s enssnnnssesssens 45
3.3.9 Fiber Laser Revenue Will Well Exceed CO2 Revenue in 2017 .......ceeiiiiieeiinriininnseeeeeiinnnnneseeens 45
3.3.10 Lamp Pumped Solid-State LASers .......cccuuruuuiiiiiiiiieirinie e eeseesinss e sse s s e s s s eeannns e e nees 46
3.3.11 DireCt DO LASEIS ..uuuueiiiiieieiiiiisieseeetiisississssssesesssasssasssrnssaassesssnssnsnnseseserssssnnsesnsssesens 46
3.3.12 Thin Metal vs. Thick Metal CULEING ....cccvvvvviiiiiiciiiiiiiis e s s e e eees 46
3.4 Metal Welding @and BraziNg........cccuuuuuiriiiiiiiniinns e eressi s e s s esss s s s s s s s anns s s s s e e sensnnnssseeseees 47
3.4. 1 AULO INAUSEIY .ttt e e e e s e e e e e e ren s e e e e e e e e e e e nee 47
3.4.2 2D VS. 3D WelAING . ttruuuieiiiiiiiiiiiisie s e eeeiierins s e e s eerass s e s s s e e rar s s e s e e s eeebns e s e e e s eeennnannnneeanens 47
3.4.3 Alternatives to Laser WeldiNg ......ieiiieiiiiiiiiiniiecieeiiiisis e eersss e s e s s s s s rnannnn s e e e anees 48
3.4.4 Fiber Lasers Offer NeW OpPPOrtUNILIES ........cceeeriirirrrrrisrsssse s s ss s s es s e e s s e e 48
3045 DISK LASEIS .uueiiieiieeiiiiis i e e et ettt s s e s e s ettt s e s s e e s e e e e s ae e e e e e e e e et e e et e e e an e e e e e e reer i aeaaanen 49
I J N ST O I Lo PPN 49
3.4.7  SOlId-STate LASEIS. . evuuiiiieriiierreieirtie e e ere s e s e e s e s e e s e e eas s s ernn s e ees s aeraa s e srsaeeerennaeeennnnarnen 50
3.4.8  DireCt DIOTE LASENS .ruuieeeruiiiernieieirtsessesusssssnsassrssssesrsssssssnsssessssasrsnnsesrsnsserssnseesnnsnnsennnn 50
3049 POWEE LEVEIS. ...cieiieeiiiiee i e e e ettt e e ettt e s e e e e et ae s e e e e e e e e e e baa e s e e e e e e eanb e e e e eeeenernnnaaaeaaee 50
3.4.10 Fiber and Switched FIDer DEIIVENY ......ccceuriuiiiiiiiieii e e 51
3.5 Surface Treatment and Other PrOCESSES .......cuuuuiiiiiiiiiiiiii e e e 51
3.5.1 Surface TreatMeENt PrOCESSES ......ciiiiiiiiiriiiiisieeeieriieriissssesseeernasseesssesrnssaeesessenssnnnasesanees 51
3.5.2 Heat Treatment and Other Surface Treatment ProCESSES .........uuivviiiiieiririiiiieiieereeiiiine e eaeens 51
TR TG N I 1= @1 - e [ 1 o TP 51
TR N I =Yt Y T |l === 1 o PP 51
3.5.5 Non-Metal Materials ProCESSING ....covviviieriiiiiiiiieieeiiiiise e e e s e s e e rrrs s s e s e e e eearan s e e eaeens 51
3.5.6  Fringe APPlICALIONS ....uuuniiiieeiiii et e e s e e e 52
3.6 High-Power Industrial Laser FOrECASt .......ccvuuuuuuiiiiiiiiiiiiiis e e e e e e s e e e e eeees 52
TN T A 1 PO PPTTTP TR PPPPPPPRINY 53
3.6.2  Laser COMPANY REBVENUES .......cuuuiiiiiiiiiiiiii i srsrs s s e s s s s s e s s s eees 53
3.6.3 Kilowatt+ Industrial Laser Forecast by Process Application 2017 — 2023 .........cccevvvvniinneenens 54
3.6.4 Kilowatt+ Industrial Laser Forecast by Laser Type 2017 — 2023 .......cccevvirniiinrierieeriniiineeeeees 55
3.6.5 CO; Advantages and DiSadvantages..........cccoorrrrrrrrrrrnsnsss s 57
ST ST 0= ol =TT TSP 58
3.6.7 DireCt DIOTE LASEIS .ruuuieerruiiierrieiiistassessssssssnssssssssssesssassnassssssssesssnsssesnssersnnssessnsnnsernnn 60

Copyright © 2018 FAENDEAVOR LaserFocusWorld 4



Chapter 4: Micro Materials Processing

L R o e o1 TN 61
L - 7= Tol (o [ o1 oo [P PSPPSR 61
4.2.1 Semiconductors, PC Boards, and DiSplaysS..........uuuiiiiiiiiimiiieeecisi s s 62
4.2.2  Fine Metal ProCESSING ...cicveruruiiiiiieiieii e r e e s s e e ra e e s e e enranas 63
4.2.3  NON-MELAl PrOCESSING ...evuuiiirtiiiiiitiiisieii e e e eetis s e et e s e e s s s e s e s s e eaa s s e eaa e s s e aae e e e esa e e ernneeeenan 63
4.2.4  Additive ManUfaCtUNNG ..vuuiieei i e e e e s e ae e e e eaa e e e rna e e eeran 63
L TV ] - PPN 66
LTG0 1) TN 66
Chapter 5: Marking 70
T80 N o 1o 1T ] PPN 70
ST A = 4 T N I = e TP 70
5.3 Marking Laser FOrECASES ...uuiiiiiiiirirriiiieieeeieiiiiiis s s e s seeessss s e s e s s e eesa e s s s e s eeesnnan s e s s s eesnnsanaeseeeaaens 71
Chapter 6: Photolithography 74
6.1 HIGhIIGNES e e e eee 74
T A = 7= (ol (e £ 1¥ o To [P PP PPPP PR PPRRPPPIN 74
TG TG 1B I - (ol =T [ o PP PPPRPPRIN 76
6.4 Photolithography Laser FOr@CastS. ........oiiiiiiiriiiieiieiiiiriii e e s en e eeeee 77
Chapter 7: Printing 79
2% R & 1o ] T ] 13 PP PP PP PPRRPPRIN 79
7.2 Background and TreNAS ......eiiieieeiiiiisie s e eeeiriiss e e s s e e s s e e e e re b e s s s e s e e e rar e e e e s eernnnnaaneeeaaen 79
7.3 Printing Laser FOr@CAST .....uuiiiiiiiieei e ee et e s s e s s ee s e e s e e e s e e s s e e ennn s e e e e aees 81
7.4 KEY LaSEI SUPPIIEIS ..uieiitiiiiiiiie ettt e s et et s et e e s e e e s s et e e e e aa e s e eaa e e e eb e e e e e e e e eaaaeaeeen 83
2 TV 21 4= PPN 83
Chapter 8: Medical Lasers 84
LS R o o o1 PPN 84
A = = Tol (o | o TU 3 T [P T T PPUPPPPPTPPR 84
8.2.1 Medical Laser DEIIVENY .....ccuuruiiiiiieieeniie e st s e s e e e s e s e e s rnn e e e e e s ennnnnas 85
8.2.2 How Medical Lasers Are COUNTEA ........uuuuiiiiiiiiiiiiiin e e ereesi s e s s ee s e s s e e eesn e e e s e eeennns 86
8.3 CosmetiC & DermatolOgy LASEIS ....civiiiiierriiiiieiieeieiiiiiis e s s seseeria s e s s e e s eeraaaas s e s e s erenrsnaeeeaeesensnnas 86
S 0C T N ol 15 U =N 86
8.3.2 Types of CosmetiC Lasers fOr SKiN..........ioiiiiiiiiiiie e e e 87
8.3.3 Dermatology and Cosmetic System VENAOrS ..........coiiiiiiieiiiiiinieeeeeeei e e 89
8.3.4 AL HOME LASEIS..ctuuuiiiiiiiiiiii it e e 89
8.4 OPhthalmiC LASEIS.....uuuuiiiiiieiiiie et e e s e e a s e e e e e e e an e e e e e e eennnns 90
S N - T=T =) Y= T o I o =T o o PP PPPRN 90
8.4.2 Cataract Treatment .......cciiuiiiiiiii i 91
8.4.3  Glaucoma TreatMENT ......ccoiiiiiii e 92
8.4.4 Ophthalmic System VENAOrS.......cooiiiiiiiiie e e e e e e e 92
LRI U o [ Tor= I Y= PPN 93
SR N €=y 1= | YU o 1= o 93
8.5.2  PhotodynamiC Therapy (PDT) .....ccucieeuruuieiieeieieinin s e eesessnis s s s s s eernnns s s s s s s e reennnn s s s e s s eennnnns 93
8.5.3 Revascularization (Improving Blood Flow in Heart MUSCIE) .........ccovveirmiiniiiiiiiiniee e 93
Copyright © 2018 FAENDEAVOR LaserFocusWorld 5



8.5.4 Cardiovascular Photoablation (Clearing Arteries)........oovuvieurrmiininirieeii e 94

8.5.5  SUIGICal LASEI SAWS ... iiiiieriiiiiiiieiiesi e s e e s s e s e s e s e e s e e s s e e e bna e e s e e s e e eannns 94
8.5.6 BPH (Benign Prostatic Hypertrophy) Treatment..........ccuiiiiiiiiiiiiiiin e 94
8.5.7 General Laser-Based Surgical System VENdOrS ...........oovviiimiiiininiiiiiiii e 95
8.5.8 Mid-IR Surgical SyStem VENAOIS ......ccuvuuuiiiiiiiiiiiii e e e 95
8.6 DENTAI LASEIS ... i iiiiiietiiiie i i e et ieitias s e s s e e e e e s e e e e e e e s e e e e e e e e e e e e e e e e e e e r e e e e e e rrer e e e e rrrrnnan 96
8.6.1 DNl LASEI USES....uiiiiiiiiiiitiiiieieeeriesiiss s e e s eeebas s s s s s e e rsb s s s s e e s en b e s e e s seerrnnn s e e e eeeenenennnn 96
8.6.2  DENLAl LaSEI PriCES ..uuiierueieietsieeensiesrsasseresseeesn s s srs s s eesn s s ernsn s s ssrnnseresaaseennnnsesnnnnnnsernen 96
8.6.3 Dental Laser System VENAOrS ........couuuiiuiniiiiiiiiii s s s s s eeannas 97
8.7 Medical Laser FOrECASS ......civerruriiiiiiiieiieriisse e e e s e e e s s e e s s s e s e e e e s s e e s e rebnna s e e e eeeserennns 98
Chapter 9: Military 102
9.1 HIGhIIGNE <o s 102
LS O V< 1 PN 103
9.3 Directed ENErgy WEADONS .....uuiiiiieieitiiesettessestuasssest s e s esas s s estssseesa s e s eana s s s aaa s e eesansesennnseennan 103
9.3.1  Types and Laser POWELS ........iiiiiiiiiiiiii e ieesisias e e s s eee s s s s e e s s s s e nanns s s e e s eennnnas 105
9.3.2 Recent Laser Projects in DEVEIOPMENT........cuuuiiiiiiiiiiiiii e ea e ee 106
9.3.3 Directed Energy CONTrattorS.....uiiiiiiiiiiiiiieeeieeiiiiise s e e e eeebss s e s e r s e s s s s e s enrra e e s e e e eenrnnan 108
9.4 Mid-Infrared Missile COUNTEIMEASUIES.......cceererarrrraresssssssssssssss s s s s s s s s s s s s s s s s s e s s 108
9.4.1 TRCM DEPIOYMENT ....uiiiiiiiitiiie et e e e e e s s e e e s e e s s e e eann s e e e aeeeernnnnn 109
9.4.2  TRCM ChallENgES ..uuueiiieiiieiiiiee e ee sttt e e e et e s e e e e e e b e e s e e s e e e bsaa e e e e e s e e ennnanaeeaseesenennnn 109
9.4.3  TRCM TYPES ..etteuruuieieietitttiaaessesseessssaasseeseeebasn s e e e s eeereeba s s e s e e eeeba s s esaseeans b aenaeesenrnnnn 109
LS S 1 T Yo L1 T ) RPN 110
LS T @\ (o] = ] PN 111
LS G T @ I 0] == L] PPN 113
9.4.7 TRCM LaSer SUPPIEIS .. .ceeeeiiuieiieeieieiis e e e e e s e e s e e e s s s e e e ann s e e s e e e ennnnnnn 114
9.5 Rangefinders, Designators, and LIDAR ...........cooiiieiiiuiiniieeieieii e e e e s e e e e eeennas 115
9.5.1 Laser Ranging SyStem FOrECASTS.......ccvuuuiiiiiiiiiiee e e e een e ees 115
9.5.2  Laser Ranging System VENAOIS. ......ccuuuuiiiiiiiiiiiiin e e e e en s 116
9.6 Illuminators, Gun Sights, and DAzZZIEIS .........ciiieririeeiiiir e e e e e e e e e s e eanneeeeen 116
Lo BT A DT .4 =Y ol 1 o] Y2 RPN 117
9.6.2 Military IIumin@tion SUPPHEIS.....ccuuiiiiii et e e eaa e eean 118
9.7 Military Laser Diode ManUFaCtUIENS .......ccuuruiiiiiieiiiiin e e e e e s e e e e e e ennnnas 118
9.8 Free-Space COMMUNICATIONS ....uuuuiiiiiiiiieieis e e s eerrrst s s e e s ee s s e e s e e e rnn s e e s s e e ennn e e s aeeeennnnas 119
9.9 Military Free-Space Communications Laser Diode Manufacturers...........coeuueeiiiivinieeeninieeesnnneeeens 119
9.10 Other Military Laser PrOJECES. .....uuuiiiiiieiiieies e eeee e r e e e e s e e ren e e e e e e enrnnas 119
9.11 Military Laser FOrECASTS. ....iuiiiirruuieiieeiieiiiis e e e e e e e s e e e e e s s e e eran s e e e e eeeeeennnn 120
9.12 MilItary Laser SUPPIIEIS .. ... s e e e e e e e e e e s 122
Chapter 10: Research & Development 125
10,1 HIGhIIGNES e 125
10.2 R&D Laser APPIICALIONS ....ccvveeruiieiieeieeitiies e s e e e s e e e e s s e e e s s e e e ee b e s e e s s ene s e e e e eneenennnn 125
10.3 RED LaSEI FOIECASTE ... uuieeuuiiiiraeeeiet e e i s e s et e s e e e e re e e e e e s e e en e s eeaa s e rer s s e eenn s e ernnnn e enennss 126
Chapter 11: Sensors 130
8 A o 1T o e PP 130

Copyright © 2018 FAENDEAVOR LaserFocusWorld



11.2 Why is Sensing SO IMPOrtant?........ccociuumuiiiiiiiiiieiii e e s e eernrnaas 130

G B 0 T= Y= =Y PP 132
11.3.1 Fiber Sensor Application DeSCHPLION........iiiiiie e e e e aa e eeen 135
11.3.2 FiDEr SENSOI SUCCESS ..evvuniierueieernissernsssresussserssssssrssnssarssasssensnsserrsnsssrnsnnssersnsseeennnssenrens 136
11.3.3 Fiber Sensor Laser FOrECASES ...iuvrruiiierieiiierieseeerasssrrss e s resasseesn s e seen s s ererssseesnsasnnnnsernnn 137
11.3.4 SUPPIIEIS «eiiitiie ettt e e e e e e e e e e rran 138

11.4 Lasers for Telecom INStrumMeNntation ...........oiiiiiiiiiiiiiin e eeereranas 139
11.4.1 Telecom Instrumentation Laser FOreCast .......oouuvrriiiierniiiieiiei e e e e e e eee 140
B =Y T 0] . =T PPN 140
11.4.3 Key EQUIPMENT VENAOIS ... .iiiieiiiii ettt e e rs s e e s e e s s e e s s s e r b r e s e e b e e e nnnn e e eenan 140
11.4.4 Key LaSer SUPPIIEIS ...cceverruriiiiiieiirsis e s sesi s s s aas s s s s s an b e e s s e e s s e s s s e e aeeannns 140

11.5 CW and Ultrafast Lasers for SPECLIOSCOPY .. ..cueieieeieeeieieeaeeeeeaeeeaeeeaeeeeeeeeeeereeeeereerrrereeaaaeaaaeaeas 141
11.5.1 Biomedical and Instrumentation Spectroscopy AppliCations .........cvivevuieiiiiiinieeiiiin e 141
11.5.2 Lower-Cost CW Lasers for Biomedical INStruments ..........uvueiiiiiiiiiiiiiiinnieececveien e eeeeennnns 141
11.5.3 Ultrafast lasers for Biomedical Instruments & SpeCtroSCOPY ...eeverrrererrrerrremememrmrmrmmmememeennnnnns 142
11.5.4 RAMAN SPECLIOSCOPY .eruuiiruieruniiruesenuteesassussenssssasesnseensssnsennsstneernsssnasesnsernnssrnnsennserenns 143
11.5.5 KEY CUSTOMEIS ...uiiiiiieie it it s et s e s e s e s e st s e e s e s s e b s e ea s e e s ean s e en s eeeasenneennns 146
11.5.6 CW and Ultrafast Lasers for SpectroSCOPY SUPPIEIS. ......veeerrrrrreerrrmemerrenenmeeeeenememennnnnsennnnnes 146

11.6 Mid-IR Lasers fOor SPECLIOSCOPY ....eeiieieeeeeeeeeiieeeeeeeeaeaeeaeeeeeae e e e e e e e e e e e e eaaaaaaaeaaaaaaaaaaaaaaaaaaaaaaaeaeees 147
0 A T o IRy o <o o T le o) V2 PSPPSR 147
11.6.2 Mid-IR Lasers APPlICAtIONS ....uuiieeuuiiiiiiie i it e s e e s e e e e e e e e e s e e aa e e e eaa e e eran 148
11.6.3 Mid-IR Lasers for SpectroSCOPY FOrECASE ......eerrrrrrererrrerreeeenrennnerennnnnnnnnnnnnnnnnnnnnnnnnnnnnennennes 149
11.6.4 Mid-IR Spectroscopy Laser SUPPIEIS ......uiiiiiie ittt re e e e e e e aa e eeen 151

11.7 UV Lasers for Wafer and Mask INSPECHION.......cuuiiiiiiuiiiiiiie it s e e e s e eaa e e e e 151
11.7.1 Lasers for Semiconductor Inspection and Metrology ..........ccovvriiiiiiriiiiniienieeeei e 151
11.7.2 The Need for More UV LiGht SOUICES.........coviirimiiiiiiei i 152
11.7.3 DPSSL Reliability REMAINS @n ISSUE ....ccuuuiiiiiiieieiiiiiieiiis s setiee s e eai e s e s e e e e e ean e e eanaeeeean 152
11.7.4 Forecast for Laser-Based INSPECion TOOIS ........uuuiiiiiiiiimiii e eeeieie e s e eeeeeenen 153

R 01T O o 1 = PPN 153
11.8.1 FIOW CYtOMELIY USES ..cvvuuiiiiriieieiiiiieiiiis e st s e e et s e s eaae s s e et e e s e et e e e eaa e e e et e e e eann s e s eannneaeeeen 154
11.8.2 HOW FIOW CytomeEtry WOIKS ...u.ieeeuiiiiiiie i eet et e et s e e e e e s e e s e s e ena s e eean 154
11.8.3 FIOW CytOMELrY FOI@CAST. ... uuiiiiiiiiriii e ee e it e e e e e e e e e s e e e enn e e e e e e ennnnas 154

11.9 Light Detection and RANGING .......oviiiieiiiiiiiiieeeeeii e s e e s e s rnn e s e e e e ennnnas 155
11.9.1 LIDAR USES ..eevuruuuiiiiieiiiiiuiaessessettssusssesseesassssesseessesbes s s e e e eeseeesasn e s e e e seeens b aeeaeesensnnnn 155
11.9.2 LIDAR PrODIEMS ...uiiiiieieietiiie ettt st e s e e e e e e e e e e e e e r e e e e e e e e eeraaan 155
11.9.3 LIDAR LaSer FOrECASES ..uiivuiruiirnierieieeesa e e e s e e s et s e e s e e s e e s era s san s e snsern s ennnarrnnennnsennns 156
11.9.4 LIDAR Laser ManUfaCTUIEIS ......uiieeererieieieeeeeeriiass s s s e seeresss s e s e s s sensanan s s e e s seernssseeeaeenensnnns 157

11.10 Mice & Gesture RECOGNITION ..vvvvvuuuiiiiiiiiiiii et e 157
O T g = PR 158
11.10.2Mice & Gesture Recognition FOrECASES .......cvvuiriviriiiiiiiiiir i e 158

11.11 BarcOdE & LEVEIEIS ...uuueiiiiieiiiiiie ettt e e et s e s e e e e e e e e e e e e e rnr s 158
11.11.1BarCOAE REAAENS ...uuuiiereieiiiiree e eer e e e e e e e s e s e r e s s e r e s e e ea e e e ena e e e esa e e e rann e e s ennnnnernen 158
B O 1= PSPPI 158

Copyright © 2018 FAENDEAVOR LaserFocusWorld



11.11.3Barcode Reader and Leveler Laser FOrecast .......ccoivvveiiiiiiinniiinneennennn.
11.12 Sensor and Instrumentation Laser SUummary.........ccccvvvvnninineneennnns

Chapter 12: Displays

12.1 HIGhlIGhtS ..eueiiiicciee s
B = =T (o[ o T o e PPN
12.3 PiCO PrOJECLOIS cuuiiiiii ettt e e s e e e nna s
12.3.1 Types of PiCO ProjeCOrS....ccuuuiiiiiiiiieiiie et eese s aa e eee
12.3.2 Problems with Laser PicO Projectors .........cccvvvvmiiininiiieiinniiin e
12.3.3 The Future of Laser PiCO ProJECtOrS. ......cvvveeeereeemeeeeeeeeeeneeeeeeeeeeeeeennnnns
12.3.4 Laser Pico Projector Manufacturers ..........cveviveennieinniee e
12.4 Office/Home Theater Projectors........cooviiiiiiiiiiiiieeeeeeee e
12.4.1 Hybrid LED-Laser ProjeCtOrs........ccuuuruiiniiiiiieniinn e eersesi s eseeennnns
12.4.2 Laser-Based Projection TVS ....ciiciueiiiiiiiiiiciii s ecein s serne s eaa s e eaae s eea
12.5 Digital Cinema Laser LIghting ......coovvieieiviiiiiniieereeiiiin e eseeeensin e eeeeesnnns
12.5.1 Type Of Laser CINEM@ ...cceeeeerrerrererereeeeeeeeeeeeereeeeeeeesnsnseessnsssssssnsssennnes
12.5.2 Laser Digital Cinema COSt SaViNgS........viviiieirirrniinieeserrereiinne e eereeennns
12.5.3 Better Movie EXPeriENCe.....ccvuiiieiiiie et e e er e aae e enas
12.5.4 Laser Theaters Have ArriVEd......ccuueiiierninieerriieeeese s ernn s sennnn e eees
12.5.5 Laser Cinema ReqUIrEMENTS ........cceuurmmiiiiiiiiieriien e e reeni e eeennns
12.6 Laser LIGht SNOWS .....uiiiiiiiiiiiiie e s e ennes
12.6.1 Galvanometers and SOftWare........ccuuruiiieiiiiieiiiiine e eeeean
12.6.2 Laser Light ShOW FOreCast..........ccvururmiiiiiiiiiiiiii e
12.6.3 Laser Light ShOW VENAOIS .....ccoiviiiiiiiiiinie e eeeenn e e eeenans
12.6.4 Laser Light Show Laser SUPPlErs........ccveviieiieiiiiiini e seeeeeeiiee e e e eeeeenns
12.7 LaSEr POINEEIS ..evvuiiiiiiieeeeetis s se e st rre e e et s e e e s e sre s e e e s s e ran s e e ernneeenen
12.7.1 Laser Pointer Problems .......c.viieeeiiiiiiiie e eeree e e e s e rene e eee
12.7.2 Laser Pointer FOreCast .......ccuuviiiiiiiiiiiin e
12.8 Laser Christmas LIghtS......cccuuuuiiiiiiiiiiiiii e e
12.9 Other Display AppliCatioNS.........uvviiiiieiiiiiiie e e e eeeenn
12.10 [ Ty g o Tt PP

Chapter 13: Data Storage

13.1 HIGhlIGhtS ... e
13.2 OpLical SEOrage ...cevuriniei et
13.3 Laser Magnetic StOrage .......ovveeeuiiiirieieren e e e
13.3.1 Heat-Assisted Magnetic ReCOrding ..........ocovreerrmniniiriieenenine e eeereeennns
13.3.2 Requirements on Lasers for Magnetic Storage...........ccccvvvvniinnrieeeennnnns
13.3.3 Forecast for Diode Lasers for HAMR .........cceveiiimmmiemmmmmmmneneeeeeeeeeeeeeneens
13.4 Optical Storage Laser FOrecast .........cooviviiiiiiiiiiiiiie e
13.5 ThE FULUIE ..ot r e e e e e ee e

Chapter 14: Communications

14.1 HIGhlIGhtS ..uue i r e e raaan
14.2 Technology and Application Trends...........covviiiiieemiiininieer e
14.3 Industry Challenges........ccovviiimiiiiiiiiiiiiii e e e

Copyright © 2018 FAENDEAVOR LaserFocusWorld



R 1= T T [0 oo PPN 189

B I = < o < or= - PP 190
14.5.1 OptiCal TraNSCEIVELS ..iivuuiiiiriieieirt i e e etie e s et e e e e s era e s s e s e e e e ea e e e ea s e e ebaa e e e esan e e s ennnneeeeeen 190
14.5.2 Pump Lasers for Optical AMPIfiErs .......ceeeeeeeieemmimieiieeeeeeeeeeeeeeeeeeeeeeeeeeseeaeeeseseseseessnsnsnsnsnnes 191
14.5.3 TOtal TElECOM LASEIS ..ceuuiiiiriieieietiererisseeerssseran s e sseasssresassseesaserrnnseeesnasserenssesnnnnssaneeen 193

14.6 Communication Laser SUPPIEIS .....viiuiii it e s e e s e e e e erans 194
14.6.1 TranSCEIVEN SUPPIEIS . .iuuuiiiitiie i ettt et e e e e e s e e e s e et e e e e e e e et e e e eabn s e s ennaeaeeeen 194
14.6.2 Optical AMPIIfier SUPPIEIS. ....eeeeeeeeeeeeeeeeieeeeeeeeeeeeeeeeeeeeeeeeeeeeseeeeeeeeeeseseeeeeseensnsnsnsnsnssssnnnnnns 195

Copyright © 2018 FAENDEAVOR LaserFocusWorld



List of Figures

Figure 1.1
Figure 1.2
Figure 1.3
Figure 1.4
Figure 1.5
Figure 1.6
Figure 1.7
Figure 1.8
Figure 1.9
Figure 1.10
Figure 1.11
Figure 1.12
Figure 3.1
Figure 3.2
Figure 3.3
Figure 4.1
Figure 4.2
Figure 5.1
Figure 5.2
Figure 7.1
Figure 8.1
Figure 8.2
Figure 9.1
Figure 10.1
Figure 11.1
Figure 11.2
Figure 11.3
Figure 11.4
Figure 11.5
Figure 11.6
Figure 12.1
Figure 12.2
Figure 12.3
Figure 12.4
Figure 12.5
Figure 13.1
Figure 14.1
Figure 14.2

Historic Worldwide Revenue 1972 — 2017 ...ciiiiiiiiiiiiiiee e eeceeiiss s s e e s 15
Laser Revenue Segmentation by Application for 2017 ........cceeiiiiiiiiieiiin e 16
Laser Revenue by Segment 2017 — 2023 (USSM) .evuuiiiiiiiiiiiiniiiiin e eese s es s e enna e 17
Laser Revenue Segmentation by Laser Type fOr 2017 .......euueeeeeeeememmmmmmmmmenneeeeneeeneennnnnnnnnes 20
Relative Laser Revenue Growth Rate by Laser TYPe ......oovivviiiiimiiiniiicirnii e 21
Fiber Laser Revenue Split in 2017 by Application..........coooviiiiiiiiiiniir e 23
Low-Power Diode Laser Revenue Split by Application in 2017........coviviiiiiiinnncnieieenin 24
High-Power Laser Diode Revenue Split by Application in 2017 .......coevveviiiiiiiiiniieiiieeeeenis 25
Solid-State Revenue Split by Application.........ccuuiiiiiiiiiiii e 26
CO; Revenue Split by AppliCation.........oeiiiiiiiiiiiie e e 27
Geographic Distribution of Industrial Laser Consumption 2017 .......cccceeviiiiiiiieiiinieeennineeenns 29
Total Laser Market (USSM)...ceeeeeeeeeerereeereeerereeeeeneeeeeeeeeeeesneessssssssssssssssnssssssmsnssssssssnsnnnnnns 30
Laser Company ReVENUES (USSM) ....eeereureermmmmnmennnnnnnnnnnnenenenensssnnssnssssnsnsssssnssmsssssssssnnnnnes 54
Industrial KW+ Laser Revenue Forecast Chart by Process (USSM) ......cceeeverernrnnnnesnsnnennnnnns 55
Industrial KW+ Laser Revenue Forecast Chart by Laser Type (US$M) ....ccceveviviniiiiennnnnnnnns 57
Micro Materials Laser Revenue by Application (US$M) .....iviiuiiiiiiiiiiiciiin v enie e eenie s 68
Micro Materials Laser Revenue by Laser Type (US$M) .....oiiiiiiiiiiiiiii e ceviin s eeni s 69
Laser Marked SWeet POtato........uuiiiiiiiiiiiiiiin s e e s 71
Laser Marking Laser Forecast by Laser Type (USSM) ...ccuuviiiiuiiiiiiiiiiieiiin s s s eenneees 73
Forecast of Printing Laser ReVeNUE (US$M) ......eeeeeerrremrmmmrmrmnnnnrnneenenenensnnsnnsnsnsssssssssnnnnnnes 83
Number of LASIK Procedures Performed in the U.S. & EUFrOPE.......ceevveveeeemeerernnnrnenneeennnnnns 91
Medical Laser Revenue by Laser TYPE (USSM) ...eeeeeeeeeremememmmmmmmrnnnnnnnenenensnnnnnnnnnssssssnnnnnes 101
Military Laser Revenue by Laser TYPE (USSM).....uuueueeerermrmmmmmmmmmnnnnnnnesesensnnnnnsnsnsmssnsnnnnnes 122
R&D Laser Revenue by Laser Type (USSM) ..cuuuiiiiniiiiiiiiiieciiin vt e eean s eaae e e 129
(10T Y=Y o LYo Vo] o] o= 1 o] L3 138
NanoRam Handheld Raman Spectrometer ..........ocuuieiiiiiiiieiiin e 143
CW and Ultrafast Laser Forecast for SpectroSCOPY ....uuuiiiiruiriiiiiiiieiiin st e e e eane e eea 145
Mid-IR Laser Forecast for SPECtrOSCOPY . ..vuuuriiirirerintiis i eeeeererr e e e e e e e e s 150
Total Sensor & Instrumentation Laser Revenue by Application (US$M)........eevveeevereeennnnnns 160
Total Sensor and Instrumentation Laser Revenue by Laser Type (US$M) ....ceeveveeereeennnnnns 161
MicroVision Laser PicO Projector & SCANNEr........coceuuuuiiiiiiieeiiiiiee e e 164
Laser Phosphor BUSINESS PrOJECION......cvvurriiieiieeieeiiiies e e e e e e e e e ean s 167
Example of Laser Christmas LightS.......ccuuuuiiiiiiiiiiiiii e 173
Laser Revenue for Cinema Projection (USSM) ......couuuriiiiiiiiiiiiiiiee e 176
Laser Display Revenue by Application (US$M)......cuuoeiiiiiiiiiiiiini i ern e 177
Optical Storage Laser Revenue by Wavelength ... 184
Optical Transceiver Revenue by Type (USSM) ....coeeeiiiiiiieeeeeeeeeeeee e 191
Optical Amplifier Pump Laser Revenue (USSM) ...coooeeeieiii e 193

Copyright © 2018 FAENDEAVOR LaserFocusWorld 10



List of Tables

Table 1.1
Table 1.2
Table 1.3
Table 1.4
Table 1.5
Table 1.6
Table 1.7
Table 1.8
Table 1.9
Table 2.1
Table 2.2
Table 3.1
Table 3.2
Table 3.3
Table 3.4
Table 3.5
Table 3.6
Table 3.7
Table 3.8
Table 3.9
Table 4.1
Table 4.2
Table 4.3
Table 4.4
Table 4.5
Table 4.6
Table 4.7
Table 5.1
Table 5.2
Table 5.3
Table 6.1
Table 6.2
Table 6.3
Table 7.1
Table 7.2
Table 7.3
Table 7.4
Table 8.1
Table 8.2
Table 8.3
Table 8.4
Table 8.5
Table 8.6

Laser Revenue Forecast by Market Segment (US$M) ...ccuuiiiiiiiiiiiiii i sere e enni s 16
Fiber Laser Revenues by Application (USSM) ......ccuuiiiiiriiiiiiiiin i enn e 22
Low-Power Diode Laser Revenues by Application (US$M) ...ccuuviiiiiiiiiiiiiiciiiie e 23
High-Power Laser Diode Revenue by Application (US$M) ........eeeeemememmmmmmmmmmmmmrmmeeeeeenennnnnnns 24
Solid-State Laser Revenue by Application (USSM) .......coooiiiiiiiiiiiiieee e 25
CO; Laser Revenue by Application (USSM).......cooiriiiiiiiiiiiiii e 27
Excimer Laser Revenue by Application (USSM)........eeueueeemremmmmmmrmnnnnneenenennnnnsnnnnnsnsnsssnnnnnnes 28
QCL Revenue by Application (USSM).....cieeeriiiiiiieii it ee e e e s s s eeae e ee e senaan e eeen 28
Total Laser Revenue by Laser Type (US$M) . .cuuuiiiiiiiiiiiii et es e erae e 29
Features Of KEY LaSEr TYPES ..uuuiiiiiuieiiiiiiiieeiiie i s criie s s ee s s eaae s s et s s s e e s s e s s s e aaeseennannaes 32
Types of Commercial CO2 LASEIS ....cuuiiiiiiiiiiiiiii st e e s e e aa s aa e e e raaas 37
Industrial KW+ Laser Unit Forecast by Process (UNits) ........ueuveiiiviiiemniininneeeieeninn e 54
Industrial KW+ Laser ASP Forecast by Process (USSM).......ccceeererrnrnrnnnnnennse s 54
Industrial KW+ Laser Revenue Forecast by Process (US$M)......cccceererennrnnnnnnnnnnssssnnnes 55
Industrial KW+ Laser Unit Forecast by Laser Type (UNits)........covvvvivremmmininnieniieniniinneeeees 56
Industrial KW+ Laser ASP Forecast by Laser Type (US$) ..ccuovviirriiiieininiiiiiieieeesin s eeenn e 56
Industrial KW+ Laser Revenue Forecast by Laser Type (USSM) ....covvvviiiiiiiiiiieciiniieenineeeens 56
KW+ Fiber Laser Breakout by Application (US$M) ....coeiviiiiiiiiiiiiiin et eve e eeni s 59
KW+ Fiber Laser Metal Cutting Breakout (US$M) ....cevveiniiiiieiiiiiinie e 59
KW+ Fiber Laser Welding Breakout (US$M)........eeueeeeeeemrmmmrmmmrnrnnenneeenennnnsnnsnsnsnsssnsssnnnnnnes 59
Summary of Major Materials Processing SEgMENTS ........ccovviriieiiiiiiiece e 62
Micro Material Lasers by Application (UNitS) ........ccvvurrmiiniiiiiiiiii e 67
Micro Materials Laser ASPS by AppliCation (US$) «.eeeeeeeeerereermmmmmmmmmmmmmmmmmememmmmmmmmmmmmmmmmnnnnnnes 67
Micro Materials Laser Revenue by Application (US$M) .....coveeuiiiiiiiiiicein e v eeniees 68
Micro Materials Lasers by Laser Type (UNILS) ....iiiuuuieiiiiuiiiiiiii i eei s eeaee s ea e e ennn e 68
Micro Materials Laser ASPs by Laser TYpe (US$) ..cuuviiiiriiiiiiii et 69
Micro Materials Laser Revenues by Laser Types (USSM) .....cuuviiiiiiiiieiiiniieinin e e eenaees 69
Laser Marking Laser Unit Forecast by Laser TYPE ......uuuveiiiiieiimiiiiiii e 71
Laser Marking ASP Forecast by Laser TYPE (USS$) ...vuuuerererrermmmmmmmmmmmnnrnnnenenenennnnnnsnsssnnnnnnnes 72
Laser Marking Laser Revenue Forecast by Laser Type (US$M).......eueereeeeemmmmrmmmmmemmmmeeennennns 72
UV, DUV, and EUV Technology Table .......ccooiiiiiiiiiiieceeeeeie e 76
Photolithography Lasers and Service Revenue (Units and US$M) .......ccovvvvveiiiniiiiieeinnnnnnn. 78
DUV vs. EUV REVENUE (USEM)...uiiiiiiiiiiii ettt ee s e s s et s s e et s s e e e e s e aa e s e eena e e 78
Key Printing TeChNOIOGIES .....ccvvviiieiiieieeiiies et e e e e s e e e ran s 80
Forecast of Diode Lasers for Printing (UNItS) ........cvvvuruiiniiiiieiiiiiis e 82
Forecast of Diode Laser ASP for Printing (US$) «...evveeeererrrmmrmrmrerernrnrnesenesesnnrsrnssssnsnnmnnnnnnes 82
Forecast of Diode Lasers for Printing Revenue (US$M) ........eeeeerrermmemrmmmmmmmmmreemmneeeemmmnmnnenes 82
Laser-Based Dermatology and Cosmetic System Vendors..........ccvviviieeriniieeniinieiniineeeennneens 89
Laser-Based Ophthalmic System VeNndors ..........ooevuuiiiiiniiiiieiiii e 92
Laser-Based Surgical SysStem VENAOIS ........uuuuuuurururriererernrerarersssrssnssrsrnsnnsnssnsnssssnesssssssnnes 95
Mid-IR Surgical SYStemM VENAOIS .......euevereeereeerenenenesrnreeseeessensessssssssssssssssssnsssssssssnsssnnnnnnes 95
Dental Laser SyStem VENAOIS ... ..uuuuueuereeeeeeeeeeenssssseeaensssssssssssssssssnsssssssssssssssssssssssssnsnnnnes 97
Map of Laser Types by Medical AppliCation ..........eueueuruemmimemmriiiiiiiisesisisssissessrssersrsrsrn. 98

Copyright © 2018 FAENDEAVOR LaserFocusWorld 11



Table 8.7
Table 8.8
Table 8.9
Table 8.10
Table 8.11
Table 8.12
Table 9.1
Table 9.2
Table 9.3
Table 9.4
Table 9.5
Table 9.6
Table 9.7
Table 10.1
Table 10.2
Table 10.3
Table 11.1
Table 11.2
Table 11.3
Table 11.4
Table 11.5
Table 11.6
Table 11.7
Table 11.8
Table 11.9
Table 11.10
Table 11.11
Table 11.12
Table 11.13
Table 11.14
Table 11.15
Table 12.1
Table 12.2
Table 12.3
Table 13.1
Table 13.2
Table 13.3
Table 14.1
Table 14.2
Table 14.3
Table 14.4

Medical Laser Unit Sales by Application (UNitS) .......eevveruiiiiiiiiniiiiieieeci e ere e 99
Medical Laser ASP by Application (USS$)......iceuuiiiiiiiiiieiiiniieii st erne s s e s e enn s 99
Medical Laser Revenue by Application (US$M) ....ccuuieiiiiiiiiiiiiiniiiiin e eri e enaa e 99
Medical Laser Unit Sales by Laser Type (UNitsS) ....cceuuruiiiiiiiiimiiiiii i 100
Medical Laser ASP by Laser TYPE (US$) .. uuuueuererememmmmmmnnnnmnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnsnensnnnes 100
Medical Laser Revenue by Laser TYPe (USSM) ....eeeeeeremrmmmemmmmmmnnnnnnnneenenensnsennnnsnnnsnsnsnnnnes 100
IRCM REQUIFEMENES ....iiiiieiiiiii i eeeiii s e s e e s s e s e s s s s e s s e e rann e e s e enes 111
Forecast for Laser Sales for IRCM Systems (Units, US$, and US$M) .......cvvveeviiiiinnnieennnnn, 114
Military Laser Unit Sales by Application.........cuuoiiiiiiiiiiiiin e 120
Military Laser ASP by Application (US$) ....vieeruiiiiiiiiieeiiiee e erie e e e s e e 120
Military Laser Revenue by Application (US$M).....ccuuiiiiiiiiiiiiii i era e 121
Military Lasers by Laser Type (Units, and USSM) .........eeueeemememmmmmmmmmnmnneneneneennennnnnnnnnnnnnnns 121
Military Suppliers and CONtraCtOrS. ......ccuuuruuiiiiiriiiii e e e 123
R&D Laser Sales by Laser Type (UNItS) ..euvuuieiiiiiiiriiiiniirseeriiis e ereeen s e e 127
R&D Average Laser ASP Used by Laser TYPE (US$) «eveveererrrmmrmrmmmmmmmmmmmmmmmmmmmnmmnmmmmmsmsnnnnnns 127
R&D Laser Revenue by Laser Type (USSM) ..cuuuiiiiiiiiiiiiiiiieiiiin s crrie s esnn s era s e s 128
Light SOUrces fOr FIDEI SENSOIS .....iviiiiiiiriiiie e e e s e e rer s 134
Narrowband Lasers for Fiber SENSOrs (US$M) ....iiuuiiiiiiiiiiiiiin st eenn s era e 137
Fiber SENSOr Laser SUPPIIELS ..uuuuiiiirii it s et s e e e e e aa s e aaa e e e raa s 138
FiDer SENSOr SUPPIEIS .....iiiieieiit et e e r s 139
Forecast for Lasers Used in Telecom INStrumentation .............eeeeeeeeemreremmmmmmmmeeemmememennnnnns 140
CW and Ultrafast Laser Forecast for Spectroscopy (US$M) .....ccovvviviiiiiiiiiiiiiiieeeeeeeeeeeeee 144
Mid-IR Laser FOreCast fOr SPECtrOSCOPY ..«.vxrrrrrrrerrrrrrsrnrnrnmnnnrnnnnnnnnnmnnnnnnnsnnnnnnnnnnnnnnenennnes 150
Lasers Used for Wafer and Mask INSPECHiON........ccuuiviiiiiiiiiiiiin it era e 152
Forecast of UV Laser Sales Semiconductor INSPection..........cccceviiviieiverinnieiinin e cenieeeeeeann 153
Flow Cytometry Laser ReVENUE (USEM)....uiiiuuiiiiiiie et e erae e e e e s ea e e 154
LIDAR Laser REVENUE (USEM) ...uiiieiiiiiiiiiie et st e et s e s et e s et e e e e eaan s e eaa e e e aaaes 157
Gesture Recognition Laser Revenue (USSM) ......coooiiiiiiiiiieieeeeeeeeee e 158
Laser Leveler & Barcode Reader Laser FOrecast (US$M) ......eeveeereeememmmrmmmmmmmmmrermeeemeenenenes 159
Total Sensor & Instrumentation Laser Revenue by Application (US$M)........eevverevereeernnnnns 159
Total Sensor and Instrumentation Laser Revenue by Laser type (US$M) ......eevevevereeennnnnns 160
Display Laser Brightness and POWET ............iiiiiiiieiiiiiiinieeseeeiniinse s s eseesins e s e s eeesenssan s 174
Laser Display Revenue by Application (US$M).....ccuuiiiiiiiiiiiiiin i era e 175
Laser Display Revenue by Laser Type (US$M)....cceuuieiiiiiiiieiiiin i s ennn s e e 176
Optical and MagnetiC StOrage TYPES ....ovivverrrrriiieiieiiiriiias e s e e s eeeinias s e e s s erernne s e e e e eeserennns 179
Magnetic and Optical Storage DeVviCeS (M) .....coivvieiruuriiniiiieeeiriiiee s e e e e 182
Optical Storage Laser Forecast (M, US$, USEM) ...ciiiiiiiiiiiiiiiiiiceciiiiin s eeesinn e e eenaanan 183
Optical Transceiver Revenue by Type (USSM) ....cooeiiiiiiiee e 191
Optical Amplifier Pump Laser Revenue (USSM) ...coooeeeieiei i 193
Total Semiconductor Lasers Used in Communications (M) .......cceeuvuiiniiiiieienniinnneeeeeeeennns 193
Total Communications Laser Revenue (USSM) .....cceeveeireereemmmmrmmmmmneneeeeeseeeessesssssssssnnnnnnes 194

Copyright © 2018 FAENDEAVOR LaserFocusWorld 12





