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Overview

1. Factors driving next-generation pumps
2. Competing approaches to high-brightness
3. High-power pumps for 100 to 400um fiber

4, Summary & next steps
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Future Pump Requirements
and Competing Technologies
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Market Drivers Favor Multiple SE Architectures

_ Factors that Competing Technologies
influence high-

power FL pump Microchannel- Conduction-
purchases cooled bars cooled bars SE FC multiple SE

$/Bright-Watt
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Long-term Reliability
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Brightness Scaling , 5 5 &
Power Scaling
Efficiency
Cladding Light s . 5 5
High Op Temp
= weakness f
= neutral
= strength Pearl
= best in-class
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Pearl and How it Addresses Next-Generation Reguirements

1. Power scaling architecture with SE
reliability

- Series-connected single emitters - r"

- Rugged optical design: FAC, SAC, focus Q
- MIL-spec environmental durability 3

- IBS-coated PowerCore™ fiber

2. Leverages efficiency to lower $/W,
enhance reliability

Modular Diode Laser
Assembly

- HE device technology ' US Patent 7,420,996

- Extremely efficient optical design 6 more pending

- Up to 125W conduction-cooled

- Smallest package for >100W ,100-400um fiber

le———— 44
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200um Pearl ),
footprint for
Low-current 15-pin, 20T 75W t &

micro-D connector for
data & current
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Industry Brightness Trend

High-brightness, fiber-coupled diodes have proliferated recently
due to advances in device and packaging technologies
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Fiber Laser Pump Options

A broad offering of high-brightness pumps are now available
for 100, 200, and 400um fiber

Pearl" and other single emitter 9xx nm pumps
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Power Scaling of High-Brightness Pumps

Pearl™ scales state-of-the-art reliability & brightness of single emitters
to power levels previously associated with bars

1000 17— » | g
] . - L b
i = e N s
— ] T
S 50 & 100W, | 80 & 125W, 250 & 500W,
1 400um, | 200um, 400um,
0.18NA | 0.18NA 0.2NA
100 +————————— ! | _/_____—___ _____ MCC stack
] \ ! <><> technology
———1
£ 6 o e o %
E ] E Ol.——l. o A< A
o A FF N
g lo [, E—r———r—r— ! 1‘-M 650.& 1500W.
o ] 6] O A——pph — ¥ 300um,
s SEFC ! 0.16NA
. I
) technology
- 50 &100W
E 105um,
o 0.13NA
g 14 AN
o
£ o %
[ be N
< T
1 10 100 1000 10000
Power (W)

8 AHPSL 20087 San Diego, CA nLIGHT




High-Power Fiber Laser Pumps
for 200 & 400um Fiber
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801 120W Pumps for 400um, 0.2NA
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A 65% efficient diodes combined with > 10

94% optical coupling in volume

manufacturing 30
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A Up to 120W 9xx at 60% WPE from 10

400¢ m, 0.18 NA 0
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251 75W Pumps for 200um, 0.22NA fiber

PERFORMANCE SUMMARY
Pearl Model P250-0576-Al

SN 23-05109-02-00022
8-May-08

OPTICAL 70 24
Wavelength, nm a762
Qutput Power, watfs G0 B0 -
Spectral Width, PWHM 34
Slope Efficiency, W/ A 0.4 50 /ﬁé
Divergence, MA (30% power incl.) 0.18 / "74.--—"-16
Wavelength Temp. Coeff.. nm / °C D32 % ol e i

ELECTRICAL § X / 12 §
Total Conversion Efficiency (nl#FP) 55%, 30
Threshold Current, amps 0.30 / / L&
Operating Current, amps 8.83 20
Operating Violtage, voits 16.10 / / 4
Series Resistance, ochms 0.38 10 /

THERMAL 0 T T T T T T i}
Operational Temperature, °C 25.0 o 1 2 2 4 g @ i
Thermal Resistance, °C | Wisst 0.37 Amps

DANGER n

AVOID EYE OR SKIN EXPOSURE

TO DIRECT OR SCATTERED
RADIATION.
WARNING
THIS IS A CLASS IV LASER PRODUCT. CW
POWERS IN EXCESS OF 100 WATTS COULD BE
ACCESSIBLE. ALWAYS WEAR PROPER EYE l
PROTECTION WHEN OPERATING. ki pai Ak ki s

850 ©55 960 PGS BFD ETS BEBO 0BG BA0
Nanometers
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75W Pump for 200um, 0.22 NA Fiber

A More than 75 W from a

package the size of a 100 "
business card %0 oltage
Power /
80 E to O Efficiency

A >>50% WPE over entire
operating range
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A <1% cladding light

Power, Voltage, E to O Efficiency

Current (A)
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120W Pump for 200um, 0.22NA Fiber
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Low quantum defect pumps for Er-doped fiber lasers
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1470nm Pumps for 200 and 400um fiber

50W CW or 90 W pulsed at 1% duty,
1ms pulse width from 400um fiber

25W - 200mm Pearl
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Pearl Environmental Qual for Industrial Deployment

Environmental Procedure & % Power Change for
Stress Test Pass/Fail Criteria 200um Pump Lasers
High Temp Storage m

85C, 100 hrs a

\Y4

Temp Cycling 00009 : -2.3%

-40 to +85C, 100 cycles m > 00014 : -2.6%

5C/min ramp, 10min dwell 00015 : -2.5%

<5% power loss

4min/cycle, 4 cycles/axis

\'4
Shock** 00022 : 0.5%
100g, 6ms, Y2 sine m —— 00023 : -0.4%
3x per axis, all 3 axes 00025 : -0.1%
<5% power loss

Vibration*
10g sine sweep, 201 2000HZ m %

*MIL-STD-883F Method 2007.3
**MIL-STD-883 Method 2002
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Design Margins Co@vemaeSit rbggs 91 CT eossts
& Testing-to-Failure

85C, 100 hrs \ \
Temp Cycling
-40 to +85C, 100 cycles

5C/min ramp, 10min dwell \

Vibration* \

10g sine sweep, 207 2000HZ

4min/cycle, 4 cycles/axis \

100g, 6ms, %2 sine m "
3x per axis, all 3 axes

Accelerated aging

120% rated power,

45C, 90%RH

Shock**

*MIL-STD-883F Method 2007.3
**MIL-STD-883 Method 2002
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High-Power Pumps
for 100um Fiber
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High-Brightness Coupling Fundamentals

Coupling multiple 95um-stripe devices into 105um fiber require stable

near-/far-fields over current and design tolerance to environmental factors.
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Spot Size (um)

Focused spot size =79 x 86um

Excitation NA = 0.118

>26 MW/cm2-steradian (@ 100W)
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50W Pump for 105um, 0.22NA fiber

A >93% fiber coupling efficiency at

0.167NA excitation

A <1% cladding light in 0.22NA fiber /

A >45% wall-plug

Amplitude (Relative units)
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100W Pump for 105um, 0.13NA

High coupling efficiency essential for package reliability

and minimizing $/W

140

Power, no fiber

A 100W of 976nm power of cladding-free

light from mode-stripping fiber 120 | Power, uncosted

Power, AR-coated
fiber

A >40% wall-plug efficiency 100 |

[e]
o

A 857 90% fiber coupling efficiencies
over entire operating range

A Ongoing developments:
1. Qualify 50% WPE from 0.22NA fiber

N
o

Power, Efficiency, Coupling Eff
D
o

2. Reduce polarization-related losses

N
o

3. Reduce aberrations for focused spot size

0 2 4 6 8 10 12
Current (A)
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Multiple SE Architectures Meet OEM-specific Requirements
with Lowest $/W

An OEM application requiring only 40W of power from 105um fiber

did not have to purchase a 50 or 60W product and-idge

PERFORMANCE SUMMARY nNLIGHT

Pearl Model P1-050-0976

S/N 29-05044-01-00166

15-Aug-08 60 24
OPTICAL 50 } A
Wavelength, nm 971.6

Output Power, watts 40 40 | - 16
Spectral Width, FWHM 3.7

Spectral Width, 1/e"2 5.3 S =} - 12 2
Slope Efficiency, W/ A 4.2 = >
NA (90% power) 0.17 £ 2 | 8
Wavelength Temp. coeff., nm/°C 0.32 2

10 4

ELECTRICAL

Power Conversion Efficiency (dwp) 50% 0 0
Threshold Current, amps 0.50

Operating Current, amps 9.37 0 2z 4 6 8 10 12
Operating Voltage, volts 8.61 Current (A)

Series Resistance, ohms 0.17
THERMAL

Operational Temperature, °C 25.0

Thermal Resistance, °C/Wheat 0.58

DANGER
AVOID EYE OR SKIN EXPOSURE
TO DIRECT OR SCATTERED
RADIATION. L
950 955 960 965 970 975 980 985 990
Wavelength (nm)
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Wavelength Stabilized 976nm
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Spectrally-Stabilized Pumps for Scaling PFL Peak Power

A Reduced absorption length at 976nm increases threshold for nonlinearities
A Lower quantum defect & temperature sensitivity improves efficiency
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