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Laser History Timeline

1580

The theoretical foundation for the laser can be traced back over 100 years.

Early in the 20™ century modern quantum physics replaced the classical theones of light and matter. Westemn
[Ewrope was the epicenter of this exdraondinary scientific revolution until the events surrounding World War Il
disrupted this remarkably productive period in physics. Many leading Wesiern European scientists imoived in
guantum mechanics fheory and expenment were displaced by the war, mmmmumu&
bmmm After the war the US mdupaﬂebdmsmﬁu

a free-market y which d Tip.

Bpr

Fraed Sehlachier and Thomas Basr

This dynamic research environment in the US created the perfect setting for the
imvention of the laser.
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* Optical Fiber

« 1965 =4

 1970° 1000dB/km ----- 20dB/km

« 1987° EDFA optical fiber communication
1988 Double clading fiber

* 1999 100W fiber laser

« 2009 Nobel prize for & 4%

« 2010° 10000W fiber laser
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(CW or Pulsed, SRS, SBS,SPM )
o fEREAARUN —RkiPEEE(K (10mJ-100mJ)
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CO; LP Nd:YAG | DP Nd:YAG | HPFL
E/O Efficiency, % 5-10 2-3 4-6 16-20
Electric Power, kW (no ~ 50 ~ 130 ~ 80 20-25
chiller)
Footprint, m* (no 6 5 3 0.5
chiller)
Water, m*/hr 6-8 20-25 ~15 <2
Maintenance, Khrs 1-2 0.5 2-3 10-15
Pump Replace, Khrs n/a 0.5-1 2.5 >50
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Pump injection:
All-fiber

int " End or side-
integration: :
Outer cladding: e.g. grating pumping
Low-index polymer- TIITTOr
coating

High power,
high brightness
laser signal

\
l

High power
diode pumps

Inner cladding:

Multimode waveguide
Core: to trap pump light
RE-doped, single-mode
waveguide
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HE fiberhome
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siaE P E B 1moxaz0nmn | DI doo/3s0nn | DI 400380 m | D 4RO Moo m
Ni=0. 46 NA=0. 37 Hi,=0. 48 Ni=0. 36
e HiToun BT 120 Hif 30nn BT 160m 30H0m
ST
\ N&,=0.1 Ni,=0. 15 N,=0. 08 Ni,=0.08
HIRE 1.5 wt.% 6500 mol ppm 8000 mol ppm 6500 mol ppm
PG Om 40m 2dm Fm » 15m
THENE 0% 7% 5% g0% , 80%
Gl 3 1100rm 1108rm 1108nm 1083mm
-
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Pump absorption efficiency (%)
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P D shape
[ circle

new shape
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Pump Absorption Efficiency (%)
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**Multimode fiber: multiple rays follow different paths

H __Hieﬂected path
gt T LT
i e R

e direct path

LR DREK, HTHME. s WATE. GH
TARBERLEE B R 5t

+»*Single mode fiber: only direct path propagates in fiber
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3 l ZKWW, Yb, MM =
Fibre power! .

1.2-
1.4
1.0-
0.9
0.84
0.7
0.6
0.5
0.4
0.3
0.2
0. 1-'

Laser power [kW]

0.0

MM

10KW, Yb, MM f" f SM

1.4 kW single-mode

’ 8 1.3 kW, M2 < 3

University of Southampton g 1.2 kW single-mode

I
Friedrich Schiller University
& IPHT Jena, Germany COACRUV S ] 1xw, Yb, Mm
Hoya _’ ’- 0.8kW, Yb, SM
Electro-communications ] (Dual-end output)

University Tokyo, Japan
" 610W, Yb SM

! 485W, Nd/Yb, sni
Nufern . A #SKF/Pulsed
University of Michigan B B 356 W JAC Yb

272V,

135W. Yb, SM v, JAC Yb PCF

SDL IJDSU 150W.Nd 3 1i4dmd, 120W Y
110W, gb, SM

30w, Nd

1996 1997 1993 1999 2000 20
Year 1.2md, 380#s, ¥'b

87W, ErfYb, SF
MOPA

7.7md. 10wy :,':;--‘I-- o
264W MOPA of SF, SM, SP!
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e FZFE LLNL J.W.DAWSON
e 36.6KW

e FiSH ( 100MHZ )
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ulti-mode pump core

- =~

/S 000000 % Single-mode LMA structure
;0000000

f0O000000O0 ¢}
.‘ Goocoo Active core
. OO0 000000 |
v O0000O0O0 '

000000 /

Air cladding
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PCF structure Equivalent index profile
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Power (dB)

1580 -:ﬂ 15] t-‘f!
Wavelength (nm)
1
()
1555 TeRd La0s 1
— i Wavelength (nim)

—_— 77— — T T T T T
1560 1565 1570 1575 1560 1565 1570 1575

Wavelength {nm)
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IPG 30W
974nm NA~ 0.12

IPG 60W
974nm NA~ 0.12
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WOt AR B R B B A

>R AR ZE
— PO —RE S (diode bar)
il 5185077 MR REMHERZ
Pah g ) AT AR BR
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>R LB 5 ( 2-4nm)
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Side view Front view

Linear emitling
line of LDA

" Divided and offsst
beams altar lirst

prism group

Reshaped
output beam
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HT at 1.05-1.11 v m
HR at 1.05~1.11 1

HT at ~975n

HR at~975um
| —— |

Laser diode array at

~975nm, ~1.4kW Q

Laser diode array at
~975nm, ~1.4kW

V-groove

HR at ~975um

HR at~9751um

Double-cladding
Yb-doped fiber

K FH R 4200, AR [ P KA THAR B8 L 2 6 41 (13m) A 0K
A JH, 2.28KWZE TSI T iE 4181, 75kW s Bh R . Aok K
H1.09um, FIFRIERNT6%, I HEHRBRIARTA%.
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HR at ~975 1 m V-groove

HT at ~975nm
HR at 1.05-1.11um  Singal output
at~1.09 1 m
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laser core
(generated heat)

pump core
coating

radiative heat dissipation
and convective heat flow
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Te:

0
k:

2 2
TC + qla qla + qla 11'1

2hc 4k,
v I
ORI RE L

2
g,a ln(%)
3
Parameter Value
a 15pm
b 2251 m
C 3251 m
k, 1.38 W.m. Kt
k,, 1.38 W.m!.K!
k, 0.2 W.m! K
h 50 W.m2 K1
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Fiber center temperature /K
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=ed | Cool Temperature 298K ]
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o WK M975nm%F]  1018nm
e 975/1080=0.90 1018/1080=0.94

Crvess Section Ipml|
o o & a
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UV laser beam
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Fiber Lasers .«

Their Coherent Beam Combination

Qihong Lou, Jun Zhou, Bing He and Hongming Zhao

wped oot only for continusus-warer and long-pabed-mode aperation bat alsa i the piosccond

iher kasers with up to K-bevel suspat power ace now technologically sophisticated. and Bber-
based kaser sysgerms fox agriall applications have hit the market, These Basess ase being deved-
palse mode.

Although KW -level sysees
make the leag into

F see
Eiber lasers, the M7 1.1:1.3,
3 core diameter berween 200

Mt BRLHLTEEIKN L

Shanghai Institute of Optics and Fine Mechanics, CAS




T /R A

=

]
-
siom

WAt 3 LA THEINKY AL

Shanghai Institute of Optics and Fine Mechanics, CAS



&tmlﬁti%Mf%¢%ﬁ@%ﬂﬁ%%¢%
TR, RGP Tii 2, &5
%ﬁﬁﬁﬁﬂli4?ﬁ3$&££ KART B3 A T4 4 3k

ﬁnliﬁnziiﬁ)o%’%”)i/’ﬁnl (AmT) Ak,

'VL . RN, R T IR ’BJT%\LJ R E

Pk A
&ﬁ%mLMﬁﬁi%mmaﬁﬁt%,wmz
/%i?’ﬁg'% FaNd: YAGEOLSE, AT EZHATAEL
ANk T, B T dhfod F TG EELnT,
&ﬁtm%&ﬁmlﬁtﬁi%mm?%&t%,
ﬁﬁ%%&ﬁ%akAﬂﬁ%%rmT+%¢l

= thﬂil}‘?ﬂrtﬁb‘,{.'?ﬂﬁhﬂi#itﬁ'

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn



-
=
=
o=

(LA o

E
:

100 welding,
soldering smterm deep penetratinn
} o
10 low- quahh metal ﬂ'/
rinting cutting ¢
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Beam Parameter Product

1PGL 2002
flexography
PG, 2000
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Laser type  v.=1 m/min v.=4 m/min v,=8 m/min

Disc laser
HLD 4002

4 kW

f =200mm
ds=200pm
Source: [TRUMPF]

2 mm

Fiber laser

YLR 4000

4 kW

f =300mm
de=125pm

2mm thas ~2mm

Material: mild steel
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CO,-laser electron beam fiber laser
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Laser Zentrum Hannover, Germany
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AR R EFTFL

laser | LPsSS disc laser fibre laser DPSS

para-

meter

A [nm] 1064 1030 1075

t 100 ps =1us 700 ns

E; [mJ] 20 4 1

# pulses 1 6-8 15-20

image n §

#/5 750-1000 4000-3000 4000-5000 1250-1300

quality laser induced damage OK OK OK
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L = Gaussian beam
() py glass « TCO removal ablation
TCO
532 nm, 200~500 W + top-hat beam preferred
y « active layer removal
P2 ablation
S as * lift-off, micro explosion
532 nm, 200~500 mW + top-hat beam preferred

* top contact layer
P3 _ " removal ablation_
- metal” lift-off, micro explosion
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20W Pulse. 100um.
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50W CW. 250um. 2.5m/min
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