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First a little history:

- To create a laser, we raise the energy level of atoms to an excited state, thereby enabling them to release light when
falling back to their original energy or ground state. That light emission is called a photon and is what we harness to

cause a desired effect on different materials...it may also give rise to the theory that the Star-Ship Enterprise did use
Photon Torpedoes in space.

Common Gain Mediums Used in Manufacturing Process Lasers:
Older technology but still widely used:
Gas
Nd:YAG Crystal (Neodymium Doped Yttrium Aluminum Garnet) A synthetic crystal which serves as the gain medium.
Nd:YVO4 Crystal (Neodymium Doped Yttrium Orthovanadate) A synthetic crystal which serves as the gain medium.
Newer technology and quickly outpacing conventional systems
Fiber (Ytterbium) A doped fiber optic cable which serves as the gain medium.
Common Pumping Sources Used in Manufacturing Process Lasers:
Electricity

Arc Lamp / Bulb - A rod shaped lamp or bulb that serves as the pumping mechanism for the laser.

Semiconductor Diode
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A laser is a laser is not really a true statement...not all lasers are created equal. The
same can be said for the fiber.

- M2 Values vary

- Single order mode vs multi-mode

» Core diameter

M2 (max)

Spot size* 19 30 55
(Hm)
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Pulsed fiber laser powers have steadily increased for the 1064nm range and now
reaches up to 200W of air-cooled power. Frequency ranges have correspondingly
been on the increase now equaling as high as4Mhz. Couple that with pulse widths
now ranging to as short as 2ns and the ability to clean/ablate or texture multiple
material surfaces has reached new levels.

« Laser Power 20W - 200W

« Pulse Frequency 1Khz — 4Mhz
 PulseWidth 2ns — 500ns
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Current laser
applications in the
EV vertical

Applications
fit for
fiber laser
manufacture

processing
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Let's get back to that M2 thing:

- Sometimes having a higher M2 can be advantageous
- Fiber can be grown to achieve specific outcomes

- When a lens change is just not enough...grow a different fiber!
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How does all of this help?

Being able to select your power, M2 value, frequency range, pulse width, line spacing and
mirror speed allows the user to obtain a laser system designed as specific or as general
purpose as their application might be.
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Let’s talk MOPA....Master Oscillator Power Amplifier

- Three main producers of MOPA designed lasers: SPI, IPG & JPT

- Allows for greater frequency range of up to 4Mhz (vs 200Khz w/Q-switch
design)

- Allows for pulse width variation from 2ns — 500ns (vs locked pulse width w/
Q-switch design)

- Allows for M2 choices from 1.1 - ~5

- Removes mechanical wear item
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MOPA Application Example | Gold Plated Semiconductor Lids

It's critical to minimize surface penetration when marking plating or other sensitive layers on
semiconductors or electronic components. When using a standard fiber laser, it is difficult to mark the
surface while minimizing the aggressiveness of the mark. Pulse width control, fiber M2 and lens
configuration allows the user to discolor the gold plating as shown in the photos without exposing the
underlying layer which can lead to corrosion.

wf 29 50%
320 kHz
1M/s XH
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Configurations for your process

By utilizing 200W MOPA configured pulsed fiber lasers coupled with higher M2 fibers now
available, both high throughput and minimal heat effect results are now possible.

200W Fiber Laser with M2 fiber of ~ 5
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: » - Material: Al+Coating
Power: 100%

Frequency: 2MHz

Material: Cu+Coating
Power: 100%
Frequency: 2MHz

Results: Results:

High efficiency, <1.9s High efficiency, <1.5s
Good cleaning quality, Good cleaning quality,
no penetration of substrate no penetration
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MOPA Application Example | Cleaning of Deep Engravings

After using a long pulse duration to create a deep mark, secondary passes using a
shorter pulse duration can help clean up excess carbon and over-burn from the
material and provide a more “polished” end result. Note the various surface finishes

of the stainless steel below
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Coated glass with multiple ablation/cleaning passes for electrical isolation.
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Surface Texturing
on Carbon Fiber
components

Laser Marking Technologies, LLC.
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Configurations for your process

The texturing of surfaces can be easily controlled and can be utilized to gain friction areas or to
roughen and or clean surfaces to allow for better welding/soldering/bonding of materials (think
bus bars and anodes and cathodes.
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Two type of foils:
Anode — coated Cu
Cathode — coated Al

Thicknesses:
Cu: 6uym —12um

Al: 10pm — 20um
Cathode coating: 30um
— 60um

Anode coating: 60um -
100um

Optional: ceramic
stripe (Al,O3;) ~30um

| NEGATIVE ELECTRODE TAB

Anode alectrode: Ancde active matenal
applied to the copper foil

e SEPARATOR

ANODE NEGATIVE ELECTRODE

SEPARATCR

CATHODE POSITIVE ELECTRODE

Cathode electrode: Cathode active material
applied to the aluminum fail
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Tag Marking for a robotic defense battery pack now commercially available from
one of our technical partners Pratt & Miller
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Full defense battery pack
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When it all
goes wrong...

Wave Form 1
65KHz 100% power20w SM FT-163
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Using the
right tools

makes all
the
difference!
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