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(ABSTRACT)
Laser materials processing for the industrial applications is significant for the cutting and joining of
metals, polymers and composite materials. Especially, the needs of an industrial side strongly demand
the high precision cutting and joining of CFRP (carbon fiber reinforced plastic), because CFRP, which is
expensive at the moment though, is expected to be the most effective materials to reduce the weight of
transportation vehicles among the other promising materials. It turns out by the investigation that
materials processing utilizing a laser with a prospective high-power, high-beam-quality and
high-wavelength-selectivity is fascinating for the advanced materials processing, whereas the
performance of the current laser equipments is not satisfactory for these applications. The next
generation lasers will be applicable to not only motor vehicles but also aerospace, vessels, electronics
and electrical engineering. In this chapter, benchmarking is actively performed to define the
specifications of the lasers for applications to the joining of metals and plastics or dissimilar plastics, or
to the cutting of CFRP, etc.
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(ABSTRACT)

Surface treatment and modification, in this section, identified the allowance process on
and near the surface to arrange the composition and structure. The methods already
applied using furnace heating or several vapor processing and chemical reaction. Laser
processing is also investigated for these treatments to control the energy density. In the
case of laser process, the photon energy is different with their wavelength. Therefore, in
future laser surface treatment the multicolor laser processing becomes key-technology. In
this section several surveys for surface treatment and modification to industrial
application requiring from manufacturing including laser processing.

In conclusion, we find newly laser surface treatment and modification effective to laser
annealing for thin film type solar-cell to generate micro-crystals from the amorphous
silicon, and to laser cleaning for metal surface to coat another materials or adhesion

materials.
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(ABSTRACT)

The most important feature of lasers is that the lasers are excellent source of “photon
energy”. However, in present industry, lasers are mostly used as a “heat source” for
mechanical processing of materials, and the most important property of lasers as a source
of “photon energy “is usually neglected. To develop new applications of lasers in chemical
and biological industries by using lasers as “photon energy” sources, it is necessary
to develop new methodologies for the efficient use of characteristics of laser light to
photochemical reactions.

To achieve efficient control of photochemical reactions using lasers as “photon
energy” source, the most important requirements of the lasers is to control wavelength
and power in UV-VIS region, which enables to conduct photochemical reactions with
controlled photon energy. In addition, to extend the use of lasers in various fields,
the following requirements are necessary: i.e., portability, easy operation, low price,
high efficiency, high reliability.

Generally, laser light has four characteristics; (i) monochromacity, (ii) high
intensity, (iii) high directivity and manipulation of light, and (iv) intermittence. To
develop new applications of lasers in chemical and biological industries using these
characteristics of lasers, it is necessary to conduct the following researches; (i)
photochemical reaction control using monochromacity, (ii) time—controlled photolysis

using pulsed lasers, and (iii) development of experimental and production system for
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laser—induced reactions. Furthermore, it is necessary to develop technologies for using
laser reactions in industry, particularly by developing novel photochemical surface
modifications and application in chemical and biological industries. As for the
development of surface reactions, establishment of general methodologies for surface
chemical modification of alkyl and aryl moieties of polymer materials is indispensable.
By developing new environmentally—benign photochemical processes for industry, it is

possible to have advantage over international competition in industry.
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(ABSTRACT)
Advanced laser materials processing systems are important for solution of energy-saving issue.
The advanced system can promote weight saving and cost cutting for energy-saving in
automobile production. Developments of high intensity and high beam quality semiconductor
and fiber lasers are required for the advanced system. Solar panel generates electrical energy to
resolve the energy problems. The advanced system should be obtained for production of solar
panel with higher conversion efficiency and lower cost, advanced solar panel. In the production
of the advanced solar panel, technologies for controlling laser irradiation time, relation to pulse
width and repetition rates, should be established. Absorption rates of laser energy on materials
depend on the laser wavelength. Semiconductor and fiber lasers with short wavelength between

250 nm and 550 nm should be developed for production of the advanced solar panel.
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S (RAE~ERSR) GERSE)
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1p 1n 1u 1m 1

INLRIE (s)

4. 9. 1 FREEL—V—, 774 X—L—P—{ZBITEH/VUVAIEL /L AT X)X —
D3R

4. 9. 2 @EEZRALX— NN RENT 7 A4 N— L —F—HRO LB 7)1 7= 7R
MTHERELTEZLLAVSLNS Yb 77 A XN—L—%— . EE 1030nm~1100nm FLE

52



DFEFRNNTEDT-D, MBI L DWREERIZ LV ENNEZR/[LON K THDL, L
TelnoT, WEEKBIZHE L7 74 X—L—¥F—J L LTIE, KEEIK, BERELETHD
ZENEFELY, F, BNV AZRXAF—EHFTHL—F—L LT, AL L o2, &
TATvADTY) aryT=—AREMEbnNs=x T~ L —HF—nNbsb, ZOoxFT vl —H
—TREHRLLDIC, SAAEBEVIEL300H 2z TALAZIXAX—1 JERETAHLONRH
5y ZOTFXF T2 L —P =0V AETE+ ns BETHL-O, =7 HITHE+ MW &»
IEVMEEZ AL TN, 77 A N— L —HF =TT NF— L AN E BB T 572012,
ZOEmWE—Z MAREEE R BEIIZLLTO L O il N H 5,

(a) 774 N—HE

Tr7AN—L =P =X EEP By m~E -y mBEOa TN b= —NE2 T 5729,
BMWE— I N —BEDOEDICT 7 AN EETHZ R0, ZOBREIX. 7714 13—N
HCRAETLIHE L, AMIHNGEH CRETI2HE LN H L0, WE, WLV b ihm ComE
DR, — RN 7 7 A N—MECTH D AFROEE, Sl OEE L X W Eld 3GW/em? F2E T
D, LIeBoT, INEBIRWVWE R KNI TROTZ 7 AN—52H0D0, =0 F¥y v
T EMHEN D AFEDOREHEICEAE T 5 Z L CAHFRE TO L —F—OmEZ LTS X 57
FENRELND, Fo, 77 A N—NEIL, WLV bEWIEEZ A L TWa08, WEXIGS
R Endb b e, ZOHSTOMENMETT 5720, HENRELDLZ ERHDH, 7L AH)
TECTIE., CW BMEIZH R TIEDIDICEWE =7 XU —E L2 5720 2S5 O L8
IWABEICHE LT 7 7 A N—a 7 REORGH, @B R 7 7 A N—DAFREPHELRD,
(b) BE/UVAFRAEIL L DAL EE

T ANRN—L—HF—2LV, BNRTE VN AZRALEF—E2BLHI121F, >—F (fE) &7
LNV AN R ET DR E NNV AT XL — RS E L HERE ZHAGDE T
MOPA (Master Oscillator Power Amplifier) 5O —KHTH 5, HEEZRITIT, L
AT FNVF =T RKEEDHZ0IC, BOBIRALE L 20, BENRTEL L, 77 A 13—
L—HF—AEORHORFOD . FIRBNDO/SIVAFERAT L TORWEIC, 7SV AFES
SIFHERRICHIESR A AN D B SV ARRET HZ LB H D, ZOHE, RO R Z O
HOC/NWVATHESND 2D, BRIV ZESOMIERMET T 5 & &b, 7"V 2EEE
DEDBRLEL RS, £z, ZOHD/ VA, 2V AGEEOAF T & TR, Wi
FAICHET 2L LB, 77 A= DaTEI TR 7y FUEEHT 2, 0k, BHO/S
AR M O LD IZRY . LD 2R T 2 X5 R ELBLET b D, Lieho
T, ZOHC/SVARFELELRN L D 72 MOPA R DR GFHAE & 72 %,

(c) 77 A4 RN—DIFHEBLIC L DS

T 7 AN—NEEHWRT —EETL—F—EPMMEHET 256, FET VLT UEkEL (SBS)
RFET ~ U HEL (SRS) e FOIMEHLNHKET L LnbH D, SBSIE, HIE L ADE
ITHmE R FAIZHEAL, HHKRTEEC D, 2O SBSIE, L—¥—ickvpEsnsg &
BT ) EOMEERICESTAELZLDOTHY, BVWE—7 T — VUL RE, v
HEE, EW77ARX—THHIEEFENKR TDH, L, BWEIEH D 2G50 7 7
AN—RZE LY, HFHE/BRICEDIEEEBRONELZ LT 57O EREZR LY
THREOOEELLD, £/ SRS 1T, FH L ITRRIWEDORICEBREIND 2D, HlE LA
HAPMER L, WENENDBRNAEL D720, BEOHEREWIC L 28R A ICEREL
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BXIET, SRSIE, V=W —ickvmEshsr2FET7+ 7 v EOMAEERAICE-TELD D
DTHY, BNWE—IRT— EWVWT7AN—RETHIHIEEENHRS TEH, LEN-T,
NS OIERIEEG ZME E 3BT 2K T 7 A NN— L —H— DR NRELE 2D,

4. 9. 3 BITRAF—= NV RENT 7 A 3= L —HF =D K

BRIV =V REEIN T 7 A N — L — P — KR E G D 72012 iE, B Rm LIz X 9 7e%<
DERDH BT, CW 77 A XN — L —HF— T FEZORREIERE LTIy, L
L, ZTHBREBESIE, FFICEREMN - B 17 A A5BIZBIT 5 L —F =TI K& 2R 4F
WEAEHE 2D ENARETH 5,

e zE, v L=V =itk BV ar 7 =— iR, Eied - NOREREET 4 AT
VAL TWEN, ZZTHEbA TV F o~ —HF—DIiF LA ENENTHDL, =
DT 4 7 A HEIX, 2006 FEOK 7.7 KA ZX—R L LT, F 4RBEORKEZHIT T
o o, TOT=—NVEHRTABREL T« VLA ICbEATE, ZOHELED T, F 14%
DRERES &, 2015 F12iF 18 JKMRED T GHMENBE S ND, £z, 20 18 kM DIl
BRRL, B RS LY A DY H 5 A TFRRE LT D &L SRAKET 170 (SRR
Thb, BEOZF L —HF—TOT7 =— L7 ut 2L 28cms BRETHLHDT, ZD
Kt a VB4 5 7= 01213, &R T 2700 AREEO L —F —T =— VIEENLE L 725, T
I, e NTF AR T LA DENY =7 B 1T%REE LT, 460 BREO L —F—T7 =—)1
LENEANTHEDLND Z EIZHYET 5, LEnoT, Ao~ L —F—2H\ T =
—VEEEAMAE S A BHRE LT L, EHEORZRLX— VRN T 7 4 X — L —F —JJH
WL D L—H—7 =— VIR E N EFR L OAfifs TIHRELC X L, 2015 FFIIZEWNZZ T TH, 1850
BHBRED 7 7 A N—L—Y =T =— VBTN ESZ LIl D,

BRI — UL RN T 7 A N— L — PR EN TR S X, ERRo koI
BEAO L —F—INTEETSGOENY =7 2R THIENTELLEBIT, ZORRFIZE-
TR I 2 BRI - BT A A0Bo®ETHGHRE, ERNA—DOL = TIRICHLEHS
THEZEZOND, £, XU L —HF—OBEBR —HEINKEDRIL 3 DD 5%RETH D
N B0%LL EDOENVIIERNESND T 7 A N — L — PN R R L TE DN D SO T,
10% UL EOBER — AR ADENFFTE D, I blIZnF v L —F =L, gkl L o1
JEEMET AZRANTNDZ D, L—HF—HRAEZEH A LT ¥ "D HA & ¢, 4/ 5000
THEBEDODA T F AT A NBRLELEINTHWDEIN, INEBEERMEITHDL 7 74 /13— L —
P—IZEBEEMZAL2L T, FETLHZLEbAMRBEEZOND,

FRLEZLIIC, BmFAR— /LRI T 7 A A= L —P— R JT, BENOL—F—nT
HEOTIBILRKORR LT, WEEH, AvTFrAa2 bNEETELZ 12k, EXH
i BFT AL AGBOHZICLRELSFLETLHEEZE2 NS, £, BIEERTHDL=F
vl == 7y AN— =P CE XD, BEORWVERETANARULEL 2D 2
ERMREEEB N LD Z LIC X DBREAMOKI R L KE W,

WNIVABNMED 7 7 A N—L—HF—DFAFIL, AR L7z L 912, FLEREERL TUTV RN
B, ilt, SVHUCRFTCEUVEAED RTAN—L LTI 7 A= —F =05 4md O/L
ATRFNX—2HDRE, 77 A==V — 2L DE/ UV ATFILX —IA DR IER 3B
mEnoo5H5, Lo T, ENTREIC, =X — L RN T 7 4 N—L—HF—3
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OB ERED D Z EMMETHDH, £7-, AL —F—INTEETHGOIK, EXEHMN - &
FTNRARAGBHTOENA =D = TILRDTZDIZ, BNV AZRIVT N T 7 4 N — L —
P—HIROBHFE - BELAHIHFI N TV D,

4. 10 ZVU—rlb—H—DHR LRk

4. 10. 1 lILwic

—ZZ )= b= =L o THLIEIERLOBGFET D, HlZIX Ar A A L—HF—
(514nm) FAZAK L —H¥ — (511, 578nm) . 7 7 v ¥ = 7 » T il a5 L —+% — (coumarin6) .
BF U — AR OYERL —F— (ZnTe:535nm) 2E035H 5 4100, Z 61Tz, IERIEEF
TR DI E - T, WEEHRENAES L, Nd = Yb W oz, 1um H ORI E LK L —
P—HaZDESOWRICEHRTDHZ LT, 0.5um TLDOT Y —HE2GETNHSE, 540, Fx
MWHIZT D7V = b—F—DIZ LA EREEERIZ L > THLATND L 5o TS TliEk
W, ZOHETIH, Z)—r b= —0BREMBL, Y- L —F—DnBMELBRD ML
Y RIZET 20 ATV B LR ORI E21T 5,

4. 10. 2 ZV—rvlL—HF—DLEH

7V = HIIANHOBOEEDR S BWVERFHONTHL, LienosT, #HilEE LT 5
L&, BlAIE, V=V —RA U F R EITITHEORWERTH D, T EFEERIZ, 7«
AT VAEIHWD IR E LTHMANTH L, 7V =B ThHIIL, BRITATEE
LL, ZORBNZWTIEAS, LITAN, AIHENEOL—F—NJEL LT, H& (K 450nm
IfE) B ELOURE (R 630nm IT6%) (2B W TEBEIC HER L —F—RNEHALL I TV D8,
fefs (E 530nm i) IOV TIFFERTOL =P —RIENEEL <, BlAFE B 2L,
WRAEMEN) ZRHALEZ7) - b= —OBENPLETH D,

H O —DF, AMITIERSINR T ) = HE2 EDFRRIZE L2 ThDH, K4, 10. 2.
WE DO W D AR 2 7R T,

1.0

T T il T T | |
XER. WEBHE S |

0.5 |-

R =

[ B (um) T
YAGL—H— CO,L—H—

4. 10. 2 WE (&F) OXRIROW KK
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K4. 10. 2R TOMNDEICETOEBIIEBWNT, WENEL RO, WILER
FL DI ENRDLND, RIS BT B 7 ) — 2 FOWIUE 50-60% I E#E T 5, — 5T, 1lum
U EDOEEDIHTIE 10% L FOWINETHY , 1ZEAERINEZIT RN ERNb05, BTE,
I HE > TWE — RN T L —H%—1Z CO2 b L IE, YAG L —HF—Th b, L—H%—
MITERH LI —F -2 XV F =2 S REF IR ST, B X—L L, BT 25 FiEN
Eonbd, ZORE, CO2 L—H—Tld, SIOM LR NIEFITENZ ENbnd, L7no T,
7V = L= —FANHORRICHFELZDHE (T4 A7V A) X, MLHE @O : >
U — BRI, v —F 0 —RERN T - ) ICIERICEE R EE E R 92 L Iy
END, FRCHEREL 532nm IZRSZE T v —F U TOX A -V H# BB TEL0RNH 5,

4. 10. 3 ZV—rL—¥—NHEOHIR
ZIZTEZLBREIT, EERL—F—IZET MR DZ T H, LEen-T, L2k
IR, RIE IR EREE L L= =B LTI EIE T S, EEOKRAYL, AT R T
U—FpEEE2E 2 T, MRIIE 7 7 A ANA—BROBEKR L —F =D THZEZIIAETHD
EEZLNDENLTH D,

T, —AIZ Y —rL—F =L Vo ThH, TOHMETHEIAT, SEIFE PR
WET D0, REIEX, RNU— (Z=xAF—), FE, 7V RME, 0 UERE. ~y B
ARZEH-T, KBlTcEd B2, BATOZ ) —v L—H—RRERA D -2 E v
T w7 L., KEDOEESS TH 5 Photonics WEST 2009 IZRBITABEBREZSRE LN, Uk
DBLRTL—Y—DFEZ%EHT 5 (F4. 10. 3. 1),

4. 10. 3. 1 WHARA—T—DEY A

#£4. 10. 3. 1 ZVU—rL—¥—,FIZET DU/ A—T—DHEY A

#iET—F
A= —4 Head size »
(H4) Wavelength [nml/Repetition [Hzl/ [mm?] k=
Power [W]/etc.
< PRIN >
Xiton Photnics | Nd:YAG Q-SW Laser 446X440X134 | XVL-AMP
(Germany) 532nm/1~50 kHz/7Tns/5W/M2<1.3
Frankfurt 532nm/CW/2-10W/M2<2/ 180X 125x430 | 523nm (~500mW) D
Laser 532nm/CW/0.8-1.0W/M2<2/ 60X 77X156 EbdH D,
Company
(Germany)
Jenoptik JenalasD.2.8/5632nm, 8W/M2<10
(Germany)
Pico Quant LDH-P-FA-530/532nm/100mW/CW/ | 20X 100X 150
(Germany)
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Phoxx 488nm/CW/20mW/M2<1.3 40X40X100 TV =370
(Germany)

IMM 12¢ X 55L TV —=rHRAhHIEL
Photonics TWDHNR, BAZ L, 1]
(Germany) I A R

Sacher H D RRIC T ThR A
Lasertechnik R TOH I, OPO
(Germany) H 771% 100mW 2
IPG Photonics | 532nm/CW/15W/ 45X 70X 200 Yb 77 A RN—L—H—
Corp. Single Frequency <6MHz D 2 5

(Russia) adjustable 0 to 100%,

Laser-Compac | 532nm/200mW 46X90X 228

t

(Russia)
THALES 532nm/2.5J@10Hz/4-8ns/ 188 X 288 X | SAGA
(France) 527nm/50J/(shot/min.)/20ns/ 1100 Atlas
390 X 750 X
1500
Time 532,527,523nm/8ps/50-150MHz/ 170X78x380 | Lynx-SGH. v =f v
Bandwidth 150mW/M2<1.1/ 7S
(Switzerland)
ELFORLIGH | 532nm/10ns/1kHz100mW/M2<1.2/ 30X 50X 150 (FQ-532)
T 532nm/CW/~5W/M2<1.2/ 30X 50X 150 (HPG)
(UK)
Laser 532nm/ CW/~7TW/M2<1.1/ 136 X 57X 217
Quantum
(UK)
Cobolt 532nm/CW/300mW/M2<1 40X 60X 95 PR N A e — v D
(Sweden) i EH v
<dek >
Coherent 523nm/10-15ps/200kHz/8W/M2<1.1/ | 393X 169X 972 | Talisker
(USA) 523nm/60ns/120kHz/45W/M2<1.1/ | 241X260X989 | AVIA 532
532/CW/8W/M2<6/ 44X65%x121 Genesis™Taipan™
532/CW/18W/M2<1.1/ 109X 140X 464 | Verdi™

Zof, NUTEZEE

~100mW
Spectra-Physi | 532/CW/5W/M2<1.2/ 102X 135X495 | Centennia
cs 532/CW/15W/M2<1.1/ 104X 135X350 | Millennia Pro
(UsA) 532/CW/150mW/M2<1.1/ 42X 39X 110 Excelsior

T EPE R ~100mW

o7




Photonics 532nm/30W/25ns 190X 127X600 | DS20HE-532
Industries 532nm/20W/20 to 25ps 190X 127 X600 | PS500-532

(UsA)

Continuum Genus/4J@10Hz/532nm IV ART — Tl KR
(USsA) Custom/10ps-100ns/<5Hz/150J ® 150J 177, 10Hz T 4J
Crystalaser 532nm//1kHz/10-25ns/1W/M2<1.1 30X 30X 120 kxR EDERI
(UsA) TWs, ~\W7 7 A
BW TEK 532nm/20mW/

(USA)

MPB 514nm/ CW/~1W/M2<1.1/ 30X 50X 132 Yb-fiber L —H—0 2 fi%
communicatio 33

ns

(Canada)

<TVT>

PHOTOP 532nm/CW/1mW-500mW 5.6¢ X 20L 1, FFIE~y R4 X0
(China) SN &,

Kimmon Green 300mW CW/ 50X 50X 100

(Japan)

Dl Xz, —ARZY =2 b —=—F—HELWV-oTHLIEITETHIN, HHELVLOR
532nm/~100mW T, ~» KA X3 50X50X 150mm3 Db D Th 5, FHEA R L —HF—L L
T, IPG Photonics Corp.. PHOTOP, Continuum MR 5157245 9,

% 771X IPG Photonics Corp. TH 523, Yb 7 7 A N— L —HF—D 1 )30 LBO fdha & 7= 2
RN AERIZLY IBW LDV Y ZAE— KT = L= —HDRRBH 72, KD
EHNRIL 84% L HE SN TR Y 102 SRR TOEENAIEETH D, ~y R A XH a
7 hToHY . Coherent 72 2% L T\ 5 Ti:Saphaire il HOEmH 1127V —> CW L—W
— (Verdi) I2& > TIEHFEFICERI IR ENTHRINSG, £, IPG #tOF7 A4 07 v 7%
R ERIZ, kW 7 F 2Dy o 7 VvE— RS L—F—=0db0, 7 kW 7 7207 ) —
HDOMESG PRRIND, Ruild, HANTMRERREE 5705, E ) TIIE?R 84% L5 b
DD, LBO OIEMBRIEIZ LY | R TIEENZE LR T T2, Lo T, EHNIOEH
A7V = RZ2 B35 RIS Fa kv,

WIZHET 501X, PHOTOP TH5H, L CW TWRETHLD, Ny Fr—T 0% A X0
INEVY, 5.6mmy X 20L DY A X2, BE L, A EEER L —3 — & Nd'YVO4+PPLN %
MAHEDOELA L FTF v ET 4 MOLIRGHEEZFF > TODORT, L= =T 4 AT L A%
DOHPFEZRS EHR L TCWDHLEEZLND, ZONRNyr—UH A XL E KL —F—6
BRELMO 7Y =R ED bENT/DIV, 2, ZOHFRTHEDREFERL —F—031F
FELRWBR TR AR Y — L 2 0155,

BT 501 Continuum TH D, ZDA—H—ORFIT, SISV AT Y — L
—HF—TH V. 4J/pulse/10ns/10Hz I L O}, 150J/pulse/10ps-100ns/<5Hz I Fitfx /L A
HADHR L —F—ThHoEEZLND, EEL—F =37 7 A =L =P —=NEROEKXD
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FLIZR > TV DIFHEETH L1, N7 L—F—BH—T7 7 A =L —HF— T2 81EE

—RThod,

4. 10. 3. 2

HARA =T —DHLY # 7

#4. 10. 3. 2 V= —¥—NFICEHTL2HARA =T —DIRY AR
#iEE— N
PR Wavelength [nm]/Repetition Head size .
[Hzl/ [mms3]
Power [Wl/etc.
Cyber Laser Inc. 532nm/1-50kHz/60-150ns/156W/ | 230 X 125 X
Mz2<4 470
532nm/single shot-30kHz/ 160 X 120 X
10-13ns/2.5W/M2<1.5 410
WA T2 4103 | Yb doped fiber laser with FBG | 16 X100X 100 | Hi& : ~ A 7 v il T2
WEZAH# . PPLN ERESR. L—V T 4 A
532nm+0.1nm TUA %
/CW/1.5W/M2<1.2
ALA<0.04nm
A4~ v =2 | JUNO 8000 140 X 126 X | M LFIEH, F4 &
2 532nm/CW/8W/M2<1.2 410 Y77 AT L—HhbE,
v~ A /R~y —r =
T, Z BT A A
b EFRERRR . FURIBERR .
BIETR (a3
SYFTr A ML-9001A 175 X 200 X |4 - 4 - #fi5 - 7 & -
532nm/Q-SW~200kHz/5W/SM | 480 tIIvIDv—F
SUNX LP-G050 120 X 271 X | ~—F 7
532nm/Q-SW 40kHz/6W 380
e HEEU AT BEAM MATE™ 20¢ X 50L it L—HF T ==
532nm/ /50m W/M2<12 PA=RE A e
4 Pt Green 300mW CW/ 50X 50X 100
e S R AT GSHG-2200 50X50X100 | 7'V —r L —H—KA
532nm/CW/200mW/M2<1.2 A—%IFILOHT V-
— W — R,
71~ v JeH 7 —r L —%—k 5000m/G | 150 X 150 X
532nm/CW?/5W 268

A B OFHA (Photonics WEST, Web i3k, L —% —&KA U ZEH mW £ TO A —F—34
L TWnD,) OFATIE, 7V —r b=V —RFEEFRT W DL2H0HE LTE, 4> -

929




KEE SIFEEDLRV, ZiUE, A « K[ED A —D—T, Photonics WEST IZJB/RD 72
MoOTEIENTWDLTED LB LN, FREOTENEBAIN TS EEZEXLDITNE X
NWEHTHD, 2218, VAT v 7 LM LR ELRRS &, BKOBEIZITNDDDLH
Y X—42Z¥ (Coherent, Spectra-Physics %) X°, b~ v 77 —% %Z/~7 Continuum ([E{KL —
¥ —) <. IPG Photonics (7 7 A N—L—H—) MFET D, £l2. ZTNHOREMDIFF-
TWAE T A T v FELIc ol b, £z, PHOTOP (FEO=4) /MUy r—2 T
HMOWEDTA LT v TDEL, TNOLOREHOREZ > E<MHELTND,

HRDA—=D—ICRZDDIFTEMHY O L —F—FEMETHL, . HEEZKLZ
LT, BELZHVIAD D K, HE~ORENEE LV, &b, Coherent X Spectra-Physics
DI Y IN—RIEDFFOMNIRPETHT A 7 > TICKT D72 DIITE L ez &b s
Vo ZOWVDEKRTIE, BRiA Y hr =g A0V A N— L =Y — DY ML S 4L 5 23,
TA T v T OMIELTHRNEN, BA YV =Ty FEW) BT, —EEHo L —F—
TV (LaserVue) |ZffH L TV 5 Nd:YVO4+PPMgLN+LD(808nm) D~ /L F i g Al 7 1) — >
L= —NZ U Y T 2, T 27TW, 77U — 7713 10.9W, XA Tl 20%
EERLTND 4100, F v 7oA X F 32X Tmm THFHICI L7 N THDH, LrLRBDL,
DAy NeF o TPMMORBICHHAFEENE WS EXLT LEZE ) Tk, thoMHET
. HhozEhzfbhidThA Ao L, £/, E—LHBEL LNV TH D,

ERNME—T7 7 A N— L ==+ REBT Y — O E VI BLEPDWITIX, HET
DOV MAITEB L LAY, KD 7 7 4 =L —H—0D 2 FEdHE A #Clx. IPG Photonics,
MPB communications 73%8(F 531 % #3. IPG Photonics [XEH /1 &5 - TW DN, BHghR
XN L, AR iR B < 22wy, PPLN X EA#ENE <, K205 TH &
RPN GR D, o, EFEEMS (7 A pELV—Y— a1 F TA4 Y L—%%)
ZNFELLTWA 7, fEifiksz 2> ha—1 L9V, IPG Photonics (230N T & #6401 A&
AN TH D LRI, 2B TAHARTRIE B ETEENLEEND,

4. 10. 4 A=V v XURHI~OFEE HYE T OIS S &8 L)
ASEIOREMIETO V) —r L—F—OH i EIX CW T 18W, 7L ZEHEE— K 45W
T, i, KEzbe—Lvr FORETHDL, BEERL—F—1IBZ0HICHNEZ LTS5 L%
FRETCTHAIMN, T NNT IR A XBIY, KaxA  &2E8x258, 774 N—HM~DT 7 |
MNEEF 5, IPG Photonics DE VY AL, FXICZOHMNICEST-2HDOT, 5B FICH 1%
M EXHTLLB7EA9, Lo T, 7V —rb—V =K FERABICLTLH, 774 3—~k~D
MAVTWSZSREDLZ & LD, Fo, FEMOBFNINES L IX, EWNICEBREN 4 £
O - EREV, 2FED ., BRIZEBWT, EEELIx, 1o, EENRBES D EZRFO L —W
—ZBET H70IiE, b —ICBT M - HIFOA R b TN E 2 D BN, Flx
X, JEEEER N, R, OISO L, LTk T v . BMEOHEMAFEIERIZ, F o
N L IZZFDOERNICBWTRETLILERD D,

4. 10. 4. 1 BEGEIFOMESS
IO T A NRN—L—YF—%Ep L XX, REOHTER—T 77 A4 NN—% 52 LD
fiz, B - EEEOEKR L - —DREEHMTE . ZND 22020 LD LD T 7 AN

6 0



— By TV T OB MIATEH 5, Photonics WEST 2009 (235 TlX Fiber Lasers Ot v
vay (AEEREEMH 70 4) oMz, High Power Diode Laser Technology and Applications
Dy aAZBWTE, mEEER L —F—0RERDN 10 £, SHIIEEERL —F—0 X
XTI T DHERN O, 77 ARN—Ty TIVDRERN 12 EEDIZELEN, T AV
BIORAYDORERTHD, ARDERII2HOHTHY, 7744 =L —F—HEIZE TS
FEBOMET S PBTE 5,

4. 10. 4. 2 ZU—rLb—F—NIRDOH L

AR L7z & o1, BB RMERZ R, 7 = b—F—RERB OO, AAME O
HEifroRERH H, Pr R—=7"T7 vt 7 7 4 "— (FHAFT T RA) EEmtihFaEgir —
P— (Ffw LD : Bli{bT) BNENThD, k., 7 vt h 7 23R TITEE xR Lk
WE Y A HHEICETHRNT D AT o @R & L COWBRBEN ML UIE LIRS
NTEEN, 2O Bk OS> TEOMAEERRON TE/Z, Ll
BRD, EOEEMSEBITIC D RIMEREZFF o727 b T 7 AR S, BIZT7 74
N—TRA~INLF B Z LlkP Lz, £, EROFEAYERL —F—oEmt iz E o
T . Pr 79t 7 7 A N—L—HF—FIEOTFTEL AR — g VITRIHILTWNAS (4. 10.
4. 2), Pridbh CIEEAET. ORI T e TitEED & 5 77 X (PAYAC : {
M TRA) OB L2 &0, b=V —D RIS N -T2 L2t d 5, K4

10. 4. 1IZPr R=T 7 vt 7 A0 « WINART hLZERT,

Absorption & Emission overlap

12
=3 ——Emission
a, 11 ——Absorption
2
‘0
c
3 0.8}
£
c
o
8 0.6 |
S
L
3 04}
c
2
I
s 02f
%2
o]
<

il L A Al L V. Wy datas 24 Leabaaa i A

O \
400 450 500 550 600 650 700 750 800

Wavelength [nm]

4. 10. 4. 1 Pr F—=T77 oAt 7 A0 « WILA~T kv

61



Ml (B=Enml
FrAil=pa=if=

B | P S
L e i — s
L THE

WEE (458nm)
FrA=L—1=

HILE] HE AT

Firmatm @l e b S N iR S e B ETE

| ro——— P RN NN R

4. 10. 4. 2 Pr FR—77 97 7 A4 —D L —VP—RIE

ZOPr 7 b7 A (PriPAYAC) OFLEZEZHITDHERO X H T D,
A SRS
T AJEPTHEN 146> EMDOA KT 7 A N—B L OZOEEHE N ZFIHTE 5,
© RO L ——3IE (BEICEREA) X SHG IC X 2WELA#HE LB L Ly, EEN a3
7 M5,
FH B+ 2tk
T u— R AN MVERES R R, T — L X R A

B 21T, BROEROLEZHNTE, W2 72D 7Y —2 CW L—HF—DEHNARETH 5
EEZLIL, HLWLWHEHMTE LTHEALD O L2055 MEBIO, H@LD O7 7 A /"—7
v INEBIO, FELD ONRXY—a A FE2HFETHZ & T, SHG AW D 7Y — 2 L—HF
— IR, 27 R CESIERZ LT, HlIEEOR WL —F—HREEEL Z N TE 5,
BAREDBAIME L T DR ERICE LD D,

(BHIE DEENLNE & Zh2R)
c RNU=RGF =Y RGO e NU —RE S A RE, AN RE O

7V = w5720 SHG fifh 3 AL, 2EE O gL
s Pr 7 oAUIT T R - T 7 A= RO, FEANEE L — Y — X E BRI S & R il E E ST
- ALY —omticd T2 EFN—var 2525,
« RO, T LA L THARPMEN R AT 7 A N—EAiT O 2N "I RE,  BEAFHfr D58 &
Liziio T, 7Y = b= —DBUR TRz L —F—2 @il 4 5 L — =R LB W F
TE 2,

6 2



4. 10. 5 #pmH
BL<HMLTEBMRIERLRNWI ST, 2 TOA =T =0 HR kN T OMMNEEE> TV D 0?2
WO LERIX, B THDH, WHD TErEsnl ORELTLISAGET D, TN, 20D
EFRIELZRH T TCWAFUTHY . )0 oFEWRTHESN FrICKE, KoY Ee
RIZBM Lol BELHDHTHA9,) FEnEwn,

AARIL, BB EOREM A = =13+ RhBiF 1 EFfoTnb, TOEIIRENZ, Y—
ThHBERIFILEICK/NEEDHEIZ 1000 UL EIZB X SERFRE A — I —DOHFEICL D X
AHNTNDLEM, DEVEMEZEVHT FEAZEE IR TWINLIE, +0RBsT)
ERiOTEFEMEEVHEIOREEEZ NS, LOLARRL, BZELL I INOEXFSEON
BE, RS OTHIZHE_RNTE TH/NhINWEASY, IR ERLUZ &, FEALES LW
ZOBEETHDYEERAT v N—HIOTHGORKPBURIZONTHEF 2 D, KPEERTHES
(SIA)IZ 2 H 2 H.,2008 4D it B K FE | As 2486 B RIL 72 o 72 & 3K L1712, 2007 4EBITE,
BT DI IR AT v XS\ T 5 E 2 40-50 fEMRE (0.5 FV) ThHHEEhTnD,
L—YF—3MTHOER L LTHEFICEATHD, LLY— L Thodid, R&EMICH
NRTHBIENNENZENRTHRINDLGL, HEEZHITHD, LrLins, B, L—3
—TLPMLTERN (L= —TMLTHHFREWN), ZLTEEOHWERLIWEREZ D &
T4, BN A EAHT L —F—DEEXLZEFTRVOIL, FMROEMEFHZHMIELITD
FELW,
RFEOWEEHEDOBAEND R T, BRDO L —F—ZFH LIZFERED L~L gk LT 7
W, X HHEYEEHTWS L, REROMETHLIBALH DL, LLAERL, TORIKEELT
I ET, R=2ERD VLV —FREAELE L TWDLDERED A= —TH 5, N EHFL
TTH, MFEHAOL—F =13k E TN TWAEANITEEALETH D, BEA—T—nHl
lEEDIZ WV, —EZARENLEFND0ooL, fbI 552G RVOTHD, T, fiTEE
BT D00, Fx L—F—OEEL LB HIEMNREKTND, BooEEE 2T
X, 20 EORAIE®ITAENLTI RN,

23 SCHR

(410-1) L =Y = 7 v 7/ =P —2aE, A — Ltk 1982 4

(410-2) Photonics WEST 2009, 7195-07 “Recent progress on high-power CW fiber lasers”, V.
P. Gapontsev, IPG Photonics Corp. (United States)

(410-3) Laser Focus World Japan 2008.2, p28

(410-4) Laser Focus World Japan 2008.8, p34

6 3



4. 11 F&o

AWG Tix, BARBBEER G L — W — &R X T 52 m0 b OMWEEZ B A4
FRBAB L FPIREERA LY BRSSO TR ORI L L oL &
B HLBRH R OFAEICOWTIHHAE L, # 0 L Tohiiiy L — W —3 8 B C LB 2 B
ERNBEE A — D ORT vy b, HEZ DT TTHZERETRE L— P — &R, S
DATIE A BHMERF L Ty < N E ke 22 A2 PERANT Y AR — MEHINC W2 5 £ Caigim LT,
PEEFNCA VR Ve B x MO o mM N L —Y —Z AW TR E LTix, F—
2, W OES HBEICARE SN DEERM OF I 2 - mEE L —F —E— AT
HL7= (4. 2), &iC, BibaREHCESW o2 v X —S [HE LT L2 B 2 =254,
KIGEUMICARE SN L EKE 7T A A0 EMERIIZBWT, ZEBEOZHER T e A0%
WA EEICER Lz (4. 3), &S, EHma R RBEREERMEE L LT, @B M K
AA U BOKEE I 7 v ZHIET

5 Z & THBEIC AR D BB ET O fF

K A7 | B g |
;E I\i % FIEH 71; o ;gggggm
B 3ODISHNBER I Pt etpidiiatinted —

DL —H B OMERE T LB | RIEHBESE RERR | _—_ e
MTIEARVY, M4, 11, 11, / N :
BEMTHLY - —3ETS A
. . E e _
Wioy a7 2 MILTnbs 774 BE—LSELEF |

. o . (Ex. 3‘7-{;\‘—1;—432—)._.‘: D
N— L —H—p A3 E N Ol 2 R ; .%%% W
T BUEDEHIE L — 5 — 15T o e
&i\ b\if:“&:%t\\——b‘&lgfréjﬁj BHEL = —HH(Ex. Trari—l—F—) E

=] |

NuaEHTESL CO2 L—H—N

COBRMBIES DY ROAH 4 111 Bk (TrA8) Lotk
WHITND, SO CO VT w2 RSN T 0 B
DOEBEEMEIT, T O E—AGE S

FA—ATHEHTHLEHIT1T KW L)L T~3 mmrad E EbNTW5, T L TEtT
T ANR—L—HF—DF—4F v ML, OEMfE—LEDOENV~0.3 mm.rad TH5H, ZD
beyond-CO2 L — — D FHEL THEE & 72 5 DN REMHMEFL CFRP I2fFEIND, BRE - Hi#
EHMEMIM L THD, ZOHFMMERK4. 1 1. LISRLEREIFHOENERTHD, -
7ZL, ZOKWREEE 7 7 4 "—L—HF—FEIX., 2EWRBHOMBE R TEHS, L
LG, EHEEEE L UREEEDNESLSBESF N0 DL 7 7 A NN— b —F —ZFFl-hnbnEE
LTI BRICBW TR Z BRI > T —Y —DMREZ2 [ LS5 T XEF LTV,
HENE A — TR S A HEEM OB - IO B ClE, A L — % — 2@ o miks, R
— MEHI O, A% v F— R a2 2R L < TEe bW R EAME, T
T — X O, FEx ORERES BRI K TN D, BRRAL, ESND T 7 A R —2EE L
JIBWTE . BEE beyond-CO2 L —H—%2 4 o THREMOM LT — % 2EMH L. #&EFEM
DR FRELE L > TEHZRMEEED DI REXTH D, FRRFICHERERBER & LCiX, b
EAERL ——oEH b L= =T VN =D DREM 7 7 A N —FR S 5,
VE— Tty THOE—LARFERZDH D,

64



—JF. K&l Zﬁ%éhé*%%ﬁﬂ?x@%Lk’ZE@V—f—ikvaw®%m
AL —=F—=TlERw, K4, 11. 1OWINEGEENIZIE -7 L —F —OREREDB LI L 72
5oﬁﬁ\774N~V~$~®%2mﬁ&%i(Mb@é?)—/v—ﬁ~)iIﬁﬁﬁf
10 W B ETH D, 774’/\‘»—1/»—47“*— XL AEMED @S MBI IZ E TR B LETH
0. SOICHEEERNFELZ A ET 57D HE—F— K BRFELETI00W 2@ 2 5 HHRE
KEhd, £, #%%7utxa wfﬂ%7mtx%%@bfﬁ&iwF—A/F#ﬁ%
FET 2 &5 G AIIE, WEOZEMEL L LI, A RABBORIEELEE L 25137 TH
éoiﬂ\V%%%miﬁmukwf\;@ﬁ%ﬁﬁ@®ﬂ%ﬂ%b<%ﬂ1wé®ﬁﬁﬁf
b, ZEELV—VF—ZEHEMIHWIRHADITEAEEMAEI T2,

MIMEHR DO 7 viph A AT, ZOL—F -0 R, BEEEHEEZ BT 26849
LRI LW o AN AL 25 &, BIRO&REFS KA A VEOSEHREO X 5 ek
kEMARZ TS5, K4, 11. 201, ZORFZERH#E~A 7 el Ty AT LD L —F—~
vy FOMERTH D, flx D7 7 A4 3=12id, BUROKEE 1 pm #0774 "—L—F—B X
2O 2E@mPAPE DTV —v b—HF— S5, FEPEERL—F—, $@¥§mv~%—@
BIZE DR, ALy, fk FARARKL - — BIOZO 2EEREICE %54 —F—
DEEINTBY, 2—HF—DHEZ IS U TRy Rk, 220 V—‘H'~0)H3FF'Eﬁ?BZﬁ2% 7
REZAOQERIG L TCarva—Zilfllang, ZOAL 7Yy b~y ROERRT 7 A 3N
YRSy R x D7 7 A NR—FITHE —F— NS L, N FAREKRTHE mm) 1[ZX - T,
FMORFTIBAR X OVE T RE A2 REMGE T L THETr 7 7 A L EHIEHL TN DOTH
Ay

L E @ neraterm 72 5
mid-term & 5213 long-range
DL —P—IEEREOERL M
HELIZHER, AWGITKRD X9

{2z /xT—, INILRAEE
Wil hi-8 KR
e —JF A F I

RN TH L — % —2EED —BDOT7A /31
RRICE ST, B LT B Hap et 8

[EN

(Dbeyond-COz L —H —FEIK(Z
BHE T - mHEEM, (2020
£, RERHEE, (3) ZHEL
— W — I THBICHE > THREZE
WRELERTSHFRTHD. g 11, 2 BZEMHE~ A 2 B INTY 27 L
BARDOECK L — P — X —FH —%, ~ AT BT 7 AR R
FXZW. QD EEE T 7 A

— L —HY—% Lo THEIHL LD

ELTWADR, ZOWITKLIEFEN T = A X HIALT, ZbEBERL —F—CHEBTHZ
EERET D, BURTHERL —P—D T —F 4 kW/em2 L-ULIZEL, ENA—HIZLD
HOPEERL —F—O@EmE ML b REDO LD L TE T, Ty VI v X —HH DV ITHFHE
HARPER L —F— 2 @B TT 7 A A=A T H2HEHMEZHAB L, ZhboEmitihr—3F—
R - —RT7 7 A XN—mik&HFab—1L v MIEETDHZ LI2L > TQ)D beyond-CO2 L —

65



Pk A FEHT D, FER L —Y—dook, ERHIENIC K o TREFESIEEICERL T L— Y —
Thbd, FERL—F—TEINN—TERVEREHERIT., 774 =L —F— HREEWTH
52 LT, (2 (3) DLW RE, WRMZEMIEIE A2 -8R L —F—% A A A THERATHZ &
D RN, BEREEDE D HRIEVWR FPRO L= =N LER DO H 2 X LB TH D,
BEIC, 20X Rl — P EERRR L WIT L TR EROR, Tk AT —4OEHE
EEELE ) ONTOREEL T — 2 X—2{b, F L CAMRBBIC L2 AEHINOENTH D,
il 2 DA =T PEFEBIGTH LN L —F—DOHEICTFRN 2N L2 DT ot R ) oy Ol
HICKREZRE L, €O L TZOENZRET 2 &0 9 IERNRRMEHITITR <, AN T
a2 L7 L= — DR HEE RT AR T LT — 2R ) AT OERE Y
L., M ERO ECHEHINHEAZITA D L 9%, WhWwD AARRT 7 R —7 7 — e O
ZEPEOTe Y27 FOHROELT, SFEIICEREINDGLDOTHDL EELS, L—F—I
TAEE . N THEM A TR OGBS0 GEE T, Vet A2 SEICE WA T
XD LD, BM—INT—EET A DB ERIICHES T DEEERE O Z Z M, IROBE
YEFELTWITTTHD,

6 6



BoHE EEHKRMRL—F—ICH - BERBICET2HEDOE LD
5. 1 E
PEERRAR L —F —I5H - BRI T 2E 2 LM LR, WEAE - | reEg L
— =B ILOZENZHA LN - RiddE - AL ROSHIEE O EAfrix, B8, 7%
. AL FREFRIAWSBFIZEWNT, BEO DS W A HFH L, L0 &IE T LB R
BAMNEDLD TORWHE Yot A B LML ZFRICTHIZENHI L, 207D, 4
%O DLNEIZRBIT 5 MEEO R L fELRE T 1 v X OBREEAGHERRIZ T 72 HR Y M &
LT, AFICATHMBABEBAIZOWTE - % - BRI K 2ERBEZFEmTETH D,
(1) BEAEMERREEM B e B - KPR 72 Dk 2 —Rfb S g7 o L —
—\Z kDA, UIEEN
(2) V=¥ =%z, KGEMSHEBENTORSEE (L—F—T7 ==V 7)) %
HORLDFTO RTAWE (L—F =2V —=2 7)) HMBEOLEIZ L D xHELE,
MHER, A PERE D M) 1
(3) L=V —0OF OV X —0BEEM., Bk, 2OV AMEZTED LI b5 A it
i, = T EtOREACFEM BT, ER - A T ~OFFHEA
(4) (1) ~ (3) OFMOEHRLEEL L TOMSICARA KRR L —F =R 2T L, ¥
IR TEIMNRIC B W T H R AAEZRPER L —F—RIR T X7 L8 LOZE OFIH
W2 L7k (N FRPWRA# R &) B

(ABSTRACT)

A current situation is surveyed about a next generation laser processing and
manufacturing system for industrial application. As results of this survey, we conclude we
have to promote following development categories for the improvement of more value added
and environmental friendly products and manufacturing processes.

One processing is welding and cutting process by multi lasers for combined composite
materials for thermal or optical properties. Another processing is surface treatments to
control the crystallization in the thin film materials and to cleaning the surface in the dry
conditions. The other processing is photo chemical reaction control in micro-reactors and its
medical and bio technology applications.. For these newly application, we propose
developments of high quality and power laser diode.

The common concepts for these processing is a hybrid processing by multi color laser
beams to realize the vacuum-less process and wet-less process for environmental burdens.
We propose to show the effectives of these concepts by CFRP laser cutting, metal-polymer
laser welding, partially crystallization from amorphous silicon for solar-cell, metal surface
cleaning by lasers, and photo chemical micro-reactor process by color variable lasers. These
application examples for newly multi lasers processing are inspected by existing high
power lasers, such that, several harmonic lasers and OPO (Optical Parametric Oscillator).
And also we propose to develop the high power and high quality laser diode and OPO, and

also their suitable optical systems by governmental supports.
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