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(A—H—%) K& (hm) LE—(pd) B $(kHz) (ns) (W)
oo T T | oo | 0 |
Matrix- 1064-7-10 1064 (700 at 10 7 at 10
(Coherent) (I © NA) kHz) up to 30 <60 kHz
et | TR | e | |
Tr“('\T":ﬁr;F;?GO (Yé?\?A(\)G) 80,000 5 ~ 100 30 750
Tr“('\T"r%rr‘; sfc))zo (Ytﬂ?bzer) NA CW,1-~1,000 | 9~200 NA
Tr%ﬁ:ﬁ plélo o ;:3(6\;‘04) NA 15 ~ 100 NA NA
\EILPFESN;;});%%'S'\)" (Ytl)ﬂ?b%r) 1,000 10 ~ 300 1.3~2.0 100
YLEE;E&?&]H@E?W (ﬁ%b—e rz) 200-~10,000| 2-2,000 | 30~1,500 | 200
i | o | ow | ow |
e Coonaphysics) | Naag) | 325000 01 iz || ek
e SpectaPhysic | (uivag) | 420000 0.02 L
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UVH /R EIE (THG) L —4 — 0 1 5 BIHETE 0D (45 451
PR L === POV A T A DR L X)L R i T
(A= —4%) PR (nm) LE— (ud) JE B R (kH2) (ns) (W)
AVIA LX 355-20 354.7 Ub 16 400 Single shot to <30 >20 at 50 kHz
(Coherent) (BE © NA) P 300 kHz at50 kHz | >5 at 200 kHz
AVIA NX 355-30 354.7 250 Single shotto | <32 up to
(Coherent) (BUE © NA) at 120 kHz 300kHz | 120 kHz | S0 at120kHz
MATRIX 355-8-50 (355) (160 Up to 150
(Coherent) (BET : NA) at 50 kHz) KHz <25 8 at 50 kHz
Talon 355-45 355 (300 at 150kHz, 0 to 500 kHz <35 at >45 at 150kHz
(Spectra-Physics) (BE : NA) | 175 at 200 kHz) 150 kHz | >35 at 200kHz
Talon HE 355-500 355 5032: Zoa‘:HZ (0 0 150 kH2) 25~40 10 at 20 kHz
(Spectra-Physics) (UE : NA) 108/ka2 at 20 kHz | 4.2typ at 100kHz
Quasar 355-60 355 <2to
(Spectra-Physics) (BT & NA) >300 0 to 3.5 MHz 100 >60 at 200 kHz
Explorer One HP 355-4 355 >50 Single shot to <15 at >4 at 80 kHz
(Spectra-Physics) (Nd:YVO,) at 80 kHz 500 kHz 80 kHz
TruMicro 7370 343 Max 18,000 : 4
(Trumpf) (Yb-YAG) at 10 kHz Min. 10 kHz 15 =3 180 at 10 kHz
TruMark 3330 355
(Trumpf) (Nd:YVO,) NA 1 ~120 kHz NA NA
ULPN-355-10-1-5-M 355 10
(IPG Photonics) (Ybfiber) | (10~500kHz) | 10 ~S00KHz | 1.2 >
ULM/ULR-200 355 80 MHz
(IPG Photonics) ((Ybfiber 2:5 (80,000 kHz) 1.4 200
Quanta-Ray Pro 350 355 750,000 100 Hz g-12 75
(Spectra-Physics) (Nd:YAG) at 0.01 (0.01 kHz) '
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(A =51 —%) BE(hm) X — (ud) JE B 5 (kH2) (ps) (W)
HyperRapid NX 1064- 1064 _ 15 ps >100
100 (Coherent) (E : NA) >250 200~1,000KkHz |y 51500y | at 500 kHz
Hyper Rapid 100 1064 225 at 400 kHz 400 ~1.000 kHz <15 ps 90 with AOM
(Coherent) (BE : NA) 90 at 1000 kHz ’ (<0.015ns) | (100 w/0AOM)
Rapid NX 1064.5 £0.5 50 at 50 kHz _ N 7 W at 1MHz
(Coherent) (VBT © NA) 7 at 1 MHz 50~1,000kHz | 10~15ps | ; 5'\yat 50 kHzZ
Helios 1064-5-50 1064 Single shot to <0.69ns
(Coherent) (E © NA) >100 70 kHz (<690ps) 5 W at 50 kHz
IceFyre 1064-50 1064 Single shot to <20 ps |>50at400 kHz
(Spectra-Physics) (Hybrid: Fber+) >200 at 200 kHz 10 MHz (<0.02ns) w/o AOM
TruMicro 5080 1030 N 10 ps
(Trumpf) (YD:YAG) Max 250 600 ~1,000 kHz (0.01 ns) 150
TruMicro 5050 1030 N <10 ps
(Trumpf) (Yb:YAG) Max 125 200~400kHz | () 01 n) 25
. 20 at 330 kHz 330~1,000 kHz 20
Tr“('\#;ﬁrrz 2];)30 (Yg_?:?ger) 50 (Option at 125 | (option 400 kHz | <400 fs 20
P ' kHz) at 50 pJ) DS
YLPP-150x5000-30-M 1060 N 150 ps
(IPG Photonics) (Yb:Fiber) (50at600kHz) | 30~600kHz | 5y 30
YLPP-25-50-R 1060 N 1~3ps
(IPG Photonics) (Yb:Fiber) 25 50~2,000kHz |, )y >0
YLPP-100-3-100-R 1060 100 N 1~3ps
(IPG Photonics) (Yb:Fiber) (50~1000 kHz) | 20 ~2000KHzZ | > o 15y 100
vEPP-190-70-50-M 1060 100 10 ~ 1,500 kHz 70 50 19

(IPG Photonics)

(Yb:Fiber)
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(A=Hh—%) R (nm) NMF— (W) JE I H(KHZ) (fs) (W)
_80- + i _
Monaco 1035-80-60 1935 *5 80 at 750 kHz Single _shot to 1IMHz 350 60
(Coherent) (fiber CPA) with AOM
_80- + i _
Monaco 1035-80-40 1935 *5 80 at 500 kHz Single _shot to 1IMHz 350 40
(Coherent) (fiber CPA) with AOM
Rapid FX 1030 * 5
(Coherent) (HET  NA) 100 at 100 kHz 100 kHz, 200 kHz <900 >10
SRARFEMTO FX 1030 (MaxManaiooower Single pulse to 1,000 300 fs 15
(Coherent) (BE © NA) 650 MVI\O/) kHz to 10 ps
Spirit 1030-100 1030 £ 5 Single-shot to
(Spectra-Physics) (IE : NA) >100 10 MHz <400 >100
Spirit One 1040 £ 5 200 kHz, or
(Spectra-Physics) (B © NA) >40 at 200 kHz 1 MHz <400 >8
Spirit 1040-16 1040 £ 5 N
(Spectra-Physic) (BUET © NA) >40 at 400 kHz | 400 kHz~1 MHz <400 >16
Spirit ClearShape 1040-8 1040 £ 5 Single-shot to
i (ISpectra-Phpysics) (I © NA) >40 at 200 kHz | ZgOO kHz <400 >8
TruMicro 5080 Femto Ed. 1030 Max 200 600 kHz~ 900 120
(Trumpf) (Yb:YAG) 1,000 kHz +150
TruMicro 2030 1030 ?‘O 330 kHz~1,000 kHz <400
. (Option 50 20
(Trumpf) (Yb:fiber) at 400 kHz) (125 kHz~2,000 kHz) | ~20 ps
YLPF-100-900-R 1030 100
(IPG Photonics) (Ybfiber) | (Peak~110 mw) | 20 KHz~2,000kHz | <300 100
YLPF-50-500-50-R 1030 50 N 20
(IPG Photonics) (Ybifiber) | (Peak~100 Mwy) | 20 kKHz~2,000kHz | <500 50
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shown, where energy penetration is with Coherent's measured values (red
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heat conduction in red. published by Breitling et al. (blue dots)
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https://www.industrial-lasers.com/home/article/16489137/industrial-femtosecond-lasers-
and-material-processing
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Maximum removal rate for (a) copper and (b) steel for pulse durations
between 250fs and 4ns.

B. Neuenschwander, et al:

“Surface structuring with ultra-short laser pulses:

Basics, limitations and needs for high throughput,” Phys. Proc., 56 (2014) 1047.
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Measured single-shot damage threshold fluence (average fluence) as a function of pulse duration at 1035 nm
and at 345 nm. The spot diameter was 36 um at 1035 nm, and 20 uym at 345 nm.

N. Norman, Et al.: “Ultrafast Laser Ablation at 1035 nm, 517 nm and 345 nm as a Function
of Pulse Duration and Fluence,” Proc. LiM 2019, June 2019. 23
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a) Removal rate stainless steel b) Removal rate per average power stainless steel
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(a) Removal rate for stainless steel for different average powers as a function of the
repetition rate and a spot radius of wy = 29 ym;(b) Removal rate per average power for
stainless steel as a function of the peak fluence @ ,,.

B. Neuenschwander, et al: “Surface structuring with ultra-short laser pulses:
Basics, limitations and needs for high throughput,” Phys. Proc., 56 (2014) 1047.
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https://www.industrial-lasers.com/home/article/16489137/industrial-femtosecond-lasers-
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Material Power density Pulse Absorbent  Transparent
(Reference) (GW/cm?®) duration (ns) coating overlay
Fe-3%S1[4] 0.1-1 25200 Pb Quartz
Mg-Ca [79] 78 5to7 Black paint Water

AZ31B Mg [90] 5 23 Al7075 Water
1000, 2000,
Brass H62 [91] o, 10 - Water
3000 Pulses/cm”
CMSX, AM1, .
12-150, 90, 25 25,33, 40 Black paint Water, Glass

Astroloy [92]

Material Power density Pulse Absorbent Transparent
(Reference) (GW/cm?) duration (ns) coating aoverlay
T1-6A1-4V [53] 5 10 Al Foil Water
T1-17 [82] 3.6,9 9,27 Al Water
AA2195[60] 5 18 Al Water
Al2024 T3 [83] 5 18 Black paint Water
4140 Steel [84] 3 5 Al BK7 Glass
316 L SS [85] 25 10 No coatmg Water
2204 Duplex SS 900, 1600,
o 8 No Water
[86] 2500 pul/cm-”
Cul5 pm _
] 6 10 Black paint Water
foil [87]
Alloy 22 [88] 10 25 Al Water
Inconel 600 [89] 10 Jem? 12 - Water Jacket

EHADF /IR —H—h
MNEAWLLNR TS

A. Gujba and M. Medrai: “Laser peening process and its impact on materials properties in
comparison with shot peening and ultrasonic impact peening,” Materials, 7 (2014) 7925.
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“Curtiss Wright” 1064 ? 25 25 57 Flashlamp 2
GAIA HP 1064
24 7-10 5 Flashlam z
(Thales) (Nd:YAG) PRI
LPY 10J 1064
_ 10 7-11 5 FlashlampEi#2
(Litron Lasers) (Nd:YAG)
NL 310 1064
10 4~6 10 or 20 NA (DPSS?)
(Ekspla) (Nd:YAG)
Laser Peenin ~ s
Syeiene 1053 10 8-16 20 u[ipiizsia %
Procudo 200 (Nd:YLF) Northro; .
(LSP Technologies) Grummanti e
BivOj 1030
_ 10 2~10 10 DPSS
“HiLASE’ (Yb:YAG)

D. Rostohar, et al.. “Development of experimental station for laser

shock peening at HILASE,” Proc. SPIE, 10523 (2018) 105230K.




The GIGASHOT-HE™ laser is an injection-seeded, diode-pumped laser that produces 10J at a repetition
rate of 20Hz and an output wavelength of 1053nm. The laser produces a flat top beam profile in the
near field, making it an ideal source for high-repetition-rate laser peening. The Procudo™ 200 system is
a high-quality, turn-key, all diode-pumped laser peening system that can be adapted to meet the needs
of any manufacturing or research facility. It can be supplied with a wide range of automated part-
handling robots and accessories that facilitate laser peening on parts of nearly any size and shap

http://cuttingedgeoptronics.com/2015/05/01/ceo-installs-10-joule-laser-at-Isp-
technologies/

29



O—T4VTMDEROBEIZESL—F—FE——=2 T AKXD LR
M

with coating without coating

Laser oscillator Nd:glass (1.05 um) Nd:YAG (532 nm)

Pulse duration <100 ns <10 ns

Pulse energy <100 J 40 ~ 250mJ
Spot size <10mmao <1.2mma
Delivery system  Mirror Fiber or mirror
Developed Iin USA, France Japan

Y. Sano, et al.: “Development and applications of laser peening without coating
as a surface enhancement technology,” Proc. SPIE, 6343 (2006) 634324.
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(A—H—42) EEEOmM) | ILEX—mI) | BiRE(kHZ) (ns) (W)
Vulcan 1600e 1064
(Andritz Powerlase) (DPSS) 200 (8) 40~120 1,600
HighLight™ FL 100 N
Series Pulsed %26; (Peak: 1.7 10 10 %.,90 1,000
(Coherent) (Yb:fiber) MW) GEY
YLPN-50-120-5000-
1064 up to
S . up to 50 up to 100 120
(IPG Photonics) (Yb:fiber) >,000
TruMicro 7050 1030 (50) 10 <500 500

(Trumpf)

(Yb:YAG)
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4000 -
3500 -
o 100mJ, 60ns
!
3000 - ! = ——Yellow
1 + Primer
- e —-=- White
£ 2500 - , + Primer
.:.E —i=— Red
E 2000 + Primer
; == (Green
g * Primer 250mJ, 38ns
o 1500 - == Primer
1000 - o— Green Tripple Auto-m
e \White
500 -
O T T T T T T T 1
0 20 40 60 80 100 120 140 160

Pulse Energy, 10kHz, (mJ)

|. Metsios: “Low environmental impact laser removal of paints and coatings at high
speed,” AVT-302 Workshop Paint Removal Technologies for Military Vehicles,
Amsterdam, The Netherlands, 9-13 October 2017.
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Characters Test Condition Min Typ Max Unit
Mode of Operation Pulsed
Polarization Random
Laser Beam Mode Customized
Output Power 100% power output  99.9 100 110 W
Power Tunable Range 5% 100%
Central Wavelength ~ 100% power output 1060 1064 1068 nm
Pulse Width 100% power output 80 100 160 ns
Long-Term Average THE.HANILA
Power Stability 100% power output +2 +5 % IRILF—ERUD
R LEIRED
Consumption 480W (AC110V or 220V) ft#xIE. 87
Weight 22.7KG
Colling Forced Air Cooling

http://www.maxlasers.com/fiber-laser/laser-cleaning/max-photonics-
pulsed-fiber-laser-surface.html 34
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2) Buildup of 3) Laser-lift-off 4) Flexible display

1) Polymer coated
on polymer film

display glass functional layers processing

N Y ST [T M ﬁ% /’f.b 4‘“\

B A s s Gy W b ‘:ﬂws» _
TFT-Matrix TFT-Matrix T TPTMai

Pl film Pl film Pl film Polymer-Film

Carrier Glass Carrier Glass f
Laser-Lift-Off

Fabrication scheme of flexible displays by
means of excimer LLO.

Schematics of the LLO characteristics
using short and long wavelengths.

7

R. Delmdabhl, et al.: “Laser lift-off systems for flexible-display production,
J. of Information Display, 15 (2014), No.1 p.1.

https://pdfs.semanticscholar.org/7540/4a06415b7df293f773ec67102487532cd70b.pdf °
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L—H—UIJrAT7RAEH Auv-F /R EERL —F— D L8kl

TruMicro 7370 TruMicro 7380

Wavelength 343 nm 343 nm
Pulse duration 15 ns 17 ns
Repetition rate 10 kHz 10 kHz
Average power 130 W 400 W
Pulse energy 18 mJ 40 mJ
Beam quality (M?) 22.5 20
Pulse energy stability per laser (1 o) <15% <15%
Peak to peak jitter (1 o) <2ns <2ns
Max. number of synch. lasers 4 12
Max. avg. power laser system 0.72 kW 4.8 KW

F. Kanal, et al.: “TruMicro 7380: advancements in high-power UV nanosecond disk
lasers (Conference Presentation), Proc. SPIE, 10511 (2018) 105110M.
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(1) LIDAR (Light Detection and Ranging)

(2) LIBS (Laser-Induced Breakdown Spectroscopy)
(3) PAT (Photoacoustic Tomography)

(4) PAM (Photoacoustic Microscopy)

(5) PIV (Particle Imaging Velocimetry)

38
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= ADAS Vehides AR5 S

Iml

A ) Automotive LIDAR Shipment Forecast (in million unit)
Automotive LIDAR Market Forecast (in $M) P (
4,500 40
4,000 35
©n )
j )
=0 3,500 g 30
o c
c 3,000 2
g o 25
T 2,500 - 2
= Koy E g e
= c C
n 2,000 c e
@ o N
3 £ 15
g 1,500 5
H o
o 1,000 = 10
0 CAGR 00
018 2019 2020¢ 020e 2022 2023¢ We 2018 2019 2020¢ 0le 2022¢ 20936 we G 3%24
B Robotic Cars 55% m Robotic Cars 8%
# ADAS Vehicles 113% = ADAS Vehicles 129%
Total 64% Total 110%
Note: Note: )
= Robotic vehicles includes cars, trucks, and aircrafts * Robotic vehicles includes trucks, and aircrafts.
« ADAS includes levels 3, 4, 5. | 551 International Conference | www.yolefr | 82019 . ADAS cludes \ els 3, 4, 5

2024FE B S Tl FEARycA—REITD ADASE FLIDARDERFE S # .

5o EEDIZSMNADASE R TFLYEHILLLY
KEL 2024 FTIXEH FALDAREMAD
$4.2BMS5b . $92/30D $2.8BE=HH B

FEEHHEFR129%EARYH—
[T OEEHEEERIINKIYEK
= BET B, 2024F (BT HRAER
BEflE, 1.68EE LT RSN TIND

Yole Development Presentation: “LiDAR — From Space to roads,”
SSI (Sensor solutions International) Conference, March 2019
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{ Mechanical LiDAR } 7KS|Z*EE%Q 3600 IEIEK:T'I EURAYO0F—230%)
/Mechanical LiDAR for ADAS k /Mechanical LiDAR for Robotic cars ) KOther mechanical LIiDAR A
Velodyne (€@cerron
ibeo)
S EED
LUMINAR
1550 nm
< J
[ Solid-state LiDAR |
e ™\ - N
INN@VIZ - o Transmit [ 2::":' e Recieve
TECHNOLOGIES [= -"—.Tf' ‘
- &
3 w9 t
Gatrtesy of Precissley Micratechnology Gora Courtesy of Quanergy = =
\ >, 3 Courtesy of Advanced Scienifc Concepts, Inc. |

Yole Development Presentation: “LiDAR — From Space to roads,”
SSI (Sensor solutions International) Conference, March 2019
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TECHNOLOGY/PLAYERS SEGMENTATION FOR AUTOMOTIVE LiDAR

Multi-channels Other Ol
Macro-mechanical mechanical MEMS LiDAR ptica _P ase Flash LiDAR
array LiDAR

scanning scanning
£l .,.-- -
Velodyne: WV @@cepron  “e0Une Cafineon nwiocnn e sense
7 : @ robosense . /ARGO : l
() LUMINAR INNOVIZ fm) e QUANERGY 1350 nm ==
Pulse LiDAR — ’°2F-° (e)ussm 1550 nm Pioneer o OUSTER
o . based LIDAR 1064 nm
CA SureStar Panasonic eve
Juresta - cecravue
B sTE irad alicafeld A 1550 L TOTHL .
=X OUSTER mIrada technologies, Inc nm
i icate Egg B BARAJA XENOMATIX @

Y ®
Benewake

: A wide range of technologies are
under consideration by LiDAR

companies. SilC X oryx

. 10 pm
Sblackmore
1550 nm

FMCW

BRTFTLIDARDRRIZF, RGO EEARZEHMABTOEDS LI E EEAXICKHERMTIER I,

== —_ ol s F~
v :)yq‘LJE %%‘»(iﬁ%f&lﬁo CW: Continuous Wave
} IT: Except when noted. wavelength is betwaen 830 nm and 940 nm. FMCW: Frequency Modulated Continuous Wave | 55 International Conference | www.yole.fr | ©2019

Yole Development Presentation: “LiDAR — From Space to roads,”
SSI (Sensor solutions International) Conference, March 2019
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https://www.all-electronics.de/lidar-ganz-ohne-mechanik-3d-flash-lidar/3/



The smallest and most lightweight laser for
3D Flash LIDAR and range finding

Fl iR & :1030nm

S H 7 20mW (R EA IR )
TEMoo

B E R EEE : 20°C~40°C

ZENQRAMVFERL—H—

Current configurations in production:

Variant Pulse Pulse energy, Peak power, Polarization
duration,ns W kW
0.9 150 to 200 160 to 220 Random

https://integratedoptics.com/
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E. Y. Kotelnikov, et al.: “LiDAR system comprising a single-photon detector,”
Pub. No.: US 2017/0176576 Al, Filed date: Jun. 22, 2017. 44
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s
October 28, 2017 Bryan Salesky, CEO of ARGO

To accelerate our mission to realize the self-driving future, Argo has acquired Princeton
Lightwave, a company with extensive experience in the development and commercialization
of LIDAR sensors. The technology that underpins their lineup of LIDAR sensors—which
already serve the commercial mapping and defense industries—will help us extend the
range and resolution needed to achieve self-driving capability in challenging urban
environments. Princeton Lightwave’s technology also complements and expands the
capability of LIDAR sensors already available to the automotive industry today.

https://www.argo.ai/blog/author/Bryan-Salesky%2C-CEO
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Power lines

|SP1E Optics + Protonics 2018 - paper 1072910

Geiger-mode 3D LiDAR mapping

Power line detail visible from 7 km above ground level (AGL)
Based on legacy PLI 128 x 32 GmAPD cameras

McGuire Nuclear Station, N.C

imagery f:nu‘l;tesy of WRIS

ARGO

Vertical
GmAPD
Array

|SPIE Optics + Photonics 2018 - paper 10729-10

2|
~100° FOV with 0.1° resolution needs 1000 pixels array
in one direction —» ~Mpixel 2D array 8

Even given Mpixel array, illuminating all Laser
pixels takes prohibitive laser energy

Flash vs. scanning for Auto LiDAR

“Flash” illumination: elegant but impractical for Auto

'D Detector

N
Scanning y\"o
Mi e
irror (}‘\‘\
Covering S
Y~ HFov onoaocane:

Scanned
Emitted
Photons

Argo Al Proprietary

Scanning provides best balance of laser/detector resources
Image vertical FOV with ~1000 pixel ~1D array, scan to cover horizontal FOV

ash LIDARD FFE[al

Airborne vs. Automotive LiDAR
[~t1cTe)

Airborne Automotive

Range

Resolution

Cost

[sPiE Optics + Photonics 2018 - paper 10729-10 Argo Al Proprietary 15

Summary
ARGO

Geiger-mode APD FPA technology has reached a high level of maturity
Single-photon sensitivity
Precise timing resolution
Robust scaling for large-format arrays
Provide an enabling technology for LIDAR and other active optical applications

GmAPD enables airborne LiDAR to
Collect high-resolution 3D imagery from high altitudes
Achieve 10X improvement in mapping rate over competing LiDAR technologies

GmAPD LiDAR is a ideal choice for automotive platform applications
Long range (= 200 meters)
High angular resolution ( < 2 mrad)
Fast frame rate (> 24 Hz)
Enhanced eye-safety
Reliable performance in variable weather

|t Opeics + Protonies 2018 paper 10728-10 Argo Al Propristary 26

X. Jiang, et al: “InGaAsP/InP Geiger-mode APD-based lidar,” Proc. SPIE, 10729 (2018) 107290C
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VOXTEL
ROX Tx: Ultra-miniature Er-doped Solid-state Laser \,
+ Eye-safe Class 1 (1535 nm) ‘ Oucput couphr
+ Laser pulse energy 10 - 200 p e e
+ Short pulses 3.8 ns FWHM | il
+ Low beam divergence 4 mrad CHpH IS JEC

(0.25 mrad with 12x expander)

+ Beam quality 1.06 x DL

+ Pulse averaging 1-50 KHz

+ Manufacturable, low-cost solid-state Electricalfeed throngh [Edoped Qe Mediem
+ Domestic component sources 10-200 w (1 mJ) Er:Ceramic Laser

Beam diamener {mm)

) o
200 100 [ we e 300 400
Location jmm)

Measured M? = 1.06*DL Data

Replaces expensive, large size, weight, power, and
lower peak power fiber lasers (3 ul, < 6 kW pp) — &

—100 nl laser diodes Ultra-compact, high rate micro-chip

laser 9

G. M. Williams: “Mobile 4D imaging technologies for construction & life-cycle BIM model
dimensional information management,” Advanced Methods of Manufacturing Workshop,
September 29, 2015.
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Six OEM Q-switched lasers in user-
specified package

We currently make a passively Q-switched Nd laser
(1064 nm) for handheld LIBS instruments. An
eyesafe version is under development and is
expected to be in production by the end of 2017.

http://igma-inc.com/?page id=29.

1O AT LDOFRFESH

SECOPTA

Fast. Precise. Robust.

e ¢

o A

LIBS Laser
Vorablationslaser

-‘-Ch\‘ I

Distanz- ey #x_\l
nsor —

The MopalLIBS elemental analyzer
classifies according to the alloy
composition in milliseconds and with
highest precision into an unlimited
number of material classes. Limit is
usually the sorting technology.

https://www.metec-
tradefair.com/vis/vl/en/exhibit
ors/GMTN2019.257936370id=2
89692&lang=2
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Ultrasound

Ultrasound

Ultrasound
transducer

Ultrasound

array i1
. Pulsed NIR
Coupling laser light
gel

R |

Acoustic
waves

Thermoelastic expansion

© 2014 American Association for Cancer Research

Cancer Research Reviews j]‘l({

Figure 1. Principles of PAIl presented for a potential clinical application: diagnostic breast imaging by integrated real-time photoacoustic/ultrasound imaging.
The laser sends nanosecond pulses of NIR light through the transducer into the tissue. This light is then absorbed inside the tissue (at different levels

for each tissue type/component) causing a localized transient thermoelastic expansion. This expansion leads to the emission of pressure waves (ultrasound),
which can be detected by the array in the transducer. Finally, a photoacoustic image is calculated and displayed in real-time. At the same time, the
ultrasound system can be used in its b-mode to provide structural information about the tissue, in addition to the functional/molecular information obtained
by PAI, and both images can be displayed on the viewing screen together (either next to each other or integrated).

S. Zackrisson,et al. Cancer Res., Vol. 74 (2014) 979-1004.
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Absorption coefficient (cm'1)

200 400 600 800 1000 1200
Wavelength (nm)

J. Yao et al.: “Sensitivity of photoacoustic microscopy,”Photoacoustics, Vol. 2 (2014) 87-101.
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The Nexus 128 uses a proprietary 3-D
hemispherical detector to increase
the amount of photoacoustic signal
collected during each laser pulse.
Figure 1: Vevo LAZR imaging system with PhotoTight™ animal enclosure box

IMAGIO® DEVICE
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RRDHR g o), 1L AN SEIRMBEL R
r—h—4%4 RKFTH/NIILAH N K R ERAEEE (nm)
OPO LT-2214-PC AR S L A MG K W 1 ~2nsiEu <50 Hz
Lotis TII (@355nm) [<50 mJ@500nm ? ] 410~690(Signal)
OPO LT-2215-PC AR S L ZME K W 1 ~2nshEu <50 Hz
Lotis TII (@355nm) [<30 mJ@500nm?] 410~-690(Signal)
OPO Phocus 5ns 10 Hz
OPOTEK Standard (@532nm) 50 mJ [@740nm] 690~950(Signal)
OPO Phocus 5ns 10 Hz
OPOTEK HE Option (@532nm) 120 mJ [@740nm] 690~950(Signal)
OPO Rasinat 532 LD 5ns 10 Hz
OPOTEK Standard (@532nm) [43mI@740nm] 680~ [1070] (Signal)
OPO Raliugagsggnm 5 ns 10 Hz
OPOTEK (@532nm) [65mI@740nm] 680~ [1070] (Signal)
OPO LQ929B (532nm) NA (FEAH 310~ 1 2ns) 10 Hz
Solar Laser Systems +LP604 120 Mm@ v°'— 7 & 680~1064(Signal)
OPO LQ529B (532nm) NA (FEAH1$£10~13ns) 10 Hz
Solar Laser Systems +LP604 50 mJ@ v’ — 7 &

680~ 1064(Signal)
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TUNING RANGE
690 — 950 nm
1200-2600 nm
PEAK OPO ENERGY
140 mJ @ 750 nm
(before fiber)

PHocus BENCHTOP

TRANSPORTABLE TUNABLE LASER SYSTEM
For PaoTtoacoustic IMAGING

TUNING RANGE
690 — 950 nm
1200-2600 nm
PEAK OPO ENERGY
140 mJ @ 750 nm
(before fiber)

Procus CORE

TRANSPORTABLE TUNABLE LLASER SYSTEM
For PuoToacoustic IMacING

IN)LANE: 5ns *2ns

INLREEYRURERE: 20 Hz (60 m)) SEETIL @OPOTEK
10 Hz(150 mJ) HEETIL
https://opotek.com/
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Moveable probe within dashed box
Schematic of the hybrid-scanning optical-resolution photoacoustic microscopy system

S. Hu, et al.: “Chapter. 2: Three-Dimensional Optical-Resolution Photoacoustic Microscopy,”
In R. Liang (ed.), Biomedical Optical Imaging Technologies, Biological and Medical
Physics, Biomedical Engineering, DOI 10.1007/978-3-642-28391-8 2,

Springer-Verlag Berlin Heidelberg 2013 o
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Light sheet optics
Double pulse laser

Seeded flow field
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Cross correlation

Peak detection and
displacement estimation

15! frame

Camera frame ,

Laser pulse

< >
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— Correlation peak is the most probable location of
Qriginal separation the destination of the particle displacement
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JLiIR (nm) (ns) (Hz)

(mJ)
Quantel | Q-smart Twins 532 Lamp 532 2 X 380 ~5 10
Innolas | SpitLight 400 PIV Lamp 532 2 X 200 5~7 15
Innolas | SpitLight 1000 PIV Lamp 532 2 X 500 5~7 10
Innolas | SpitLight DPSS 250 PIV Diode 532 2 X 120 7~9 100
Innolas | SpitLight PIV Compact 100 Lamp 532 2 X 60 4~6 10
Innolas | SpitLight PIV Compact 400 Lamp 532 2 X 180 4~6 10
Teles || S I S g Diode | 532 2 X 50 7~9 100
DPSS

LOT-II-IIS_ LS-2132PIV Lamp 532 2 X 100 5 20
LOT-II-:S_ LS-2145PIV Lamp 532 2 X 300 6~7 10
Litron Nano 1 50-100 PIV Lamp 532 2 X 50 5~8 100
Litron Nano TRL 40-20 PIV Lamp 532 2X 400 S5S~7 20
Litron LD75-G PIV Diode 532 2 X 7.5@10k <150 1k~50k
Litron LD3—527 PIV Diode 527 2 X 30@1k <110 1k~3k
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A—h# oy | m | nm | am | nm | MOPA 1%

ALPHALAS 1500 @100Hz | O | O | O | — | — = 5K [Loption
BrightSolutions 40 @1 kHz O|— | — | — — R - K
Crylas 650 @1kHz | O | O | O | O O UV-DUVEEM FEE
Hamamatsu 10,000@1kHz | O | O | — | — O EE-SHA
Horus Laser 40 @ 5 kHz O|—| — | — — =R - K
Hibner/Cobolt 150 @ 7 kHz O| O | — | — — RERSHG " THG
nLIGHT 175@ 13.5kHz | — | — | — | — — | 885nmfnE - & H H
Optogama 400@ 100Hz | — | — | — | — — Lithuania FTIHRS A
Oxide 2,000@100Hz | O | O | O | — | — KR EE SR A
Q-Peak 13,000@20kHz | O | — | — | — | O NASAZEE FHA HID
Quantum Light Inst. | 2,000 @ 20Hz | O O — — — = 3K [Foption
ReallLight 120 @ 1 kHz O|—| — | — — hEA—H
(Shimadzu) >180@100Hz| O | O | O | — | — TN A
Standa 300@10kHz | O | O | — | — | O | EE-HEHLTEE
Teem photonics 80@70kHz | O | O | O | — O =R - RIE AN T E
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(A—=h—%) i £ (nm) JLE—(J) [ B2 (kHz) (ns) (W)
PULSELAS-A-1064-1000-HP
(ALPHALAS) 1064 100 at 1 kHz 0~10 1.5~3.0 0.1
PULSELAS-P-150-HE
(ALPHALAS) 1064 1500 at 100 Hz 0~0.1 1.1 0.15
Tor X5
(Cobolt) 532 >50 1 2~3.5 >0.05
Helios 1064-6-125
(Coherent) MOPA 1064 >45 at 125 kHz 0.001~125 <0.95 6
L11308-11A
(Hamamatsu) MOPA 1064 10,000 0.1 0.5~2 1
=EYRLY TS/ - EEM
(Hamamatsu) MOPA 532 60 S0 0.35 3
M30 Microlaser
(nLight) 1064 175 30 5 5.3
PSS 1064-3000 1064 >2,500 at 20Hz 0.001~0.08 2.5 0.05
(CryLas)
STA-01-YLF-03 1053 1,000 01 065 01
(Standa)
HNP-7OF-1QO 1064 80 70 06 -
(teem photonics)
HNP-7OF-1QO 537 550 70 <055 9
(teem photonics)
PQO1C
(Oxide) 1064 >2,000 0.1 <1 0.2
PQO4LB
(Oxide) 266 >200 0.1 <0.6 0.02
OEM PQSW 1064 5.000 o1 , e

(JGM Associates)
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