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Inside the laserInside the laser



Electromagnetic SpectrumElectromagnetic Spectrum

Excimer Laser (Gas)
93 – 358 nm

GAMMA XRAY UV VISIBLE INFRARED MICRO-
WAVE

TV RADIO

10-12m 10-9m
10-6m

10-3m 1m

Red Laser Diode, HeNe Laser (Gas)
630 – 670 nm

CO2 Laser 
(Gas)

10,600 nm

Nd:YAG, 
Fiber laser 
1064 nm

Second harmonic 
Nd:YAG, fiber 

laser
532 nm



Laser Beam Delivery

Putting Nd:YAG Lasers to Work



Fixed Optic DeliveryFixed Optic Delivery

Workpiece

Fixed
Mirror

Focusing
Optic

Collimated beam 
from laser resonator



Fiber Optic DeliveryFiber Optic Delivery

Part

Flexible Fiber Optic
Up to 20 m long.

Focusing
Head

Fiber Input Coupler

Collimating Lens

Focusing Lens
Protective Cover Slide

CCTV
Camera

Collimated beam from 
laser resonator



Effect of Beam DeliveryEffect of Beam Delivery



Putting It All Together



Joint ConfigurationsJoint Configurations

Butt
Lap

Fillet

• For best results- NO GAP!
• Rule of Thumb: Gap no larger than 10% of the thickness of the  

thinnest material 



Hermetic Barrier

Actual Penetration

Hermetic Barrier

Actual Penetration

50% Overlap

85% Overlap

Seam WeldingSeam Welding



Various Weld Geometries 



Laser Aluminum Welding 

� Comparable Joining Techniques 

Pop Rivet Self Piercing Rivets 

30c / Rivet 5c / Rivet 

Laser Welding - Stitch 

0.5c / Weld 



Laser Welding

Applications



Medical Device Medical Device 
ManufacturingManufacturing

• Pacemakers, implantable devices

• Guidewire, Stents

• Catheters, drug delivery

• Hearing aid electronics

• Arthroscopic Instruments



ElectronicsElectronics

• Switches
• Hybrid packaging
• Piezo electrical devices
• Sensors
• Crystals Piezo Electrical Device

Lead Frame for Crystal Oscillator



Automotive Automotive 
ComponentsComponents

– Air bag diffusers

– Switches

– Air bag detonator modules

– Sensors

– Steering wheel “Stalk” assemblies

– Anti-lock brake components

Air Bag Detonator Module

Anti-Lock Brake System Module
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Photonics ComponentsPhotonics Components



Computer PeripheralsComputer Peripherals

• Head stacks

• Slider gimbal

• Slider electrical connections

• FHD Motor bearings



Laser  welding in sheet metal 
fabr ication



Extending the sheet metal Extending the sheet metal 
process chainprocess chain

CAD / CAM Cutting Punching Bending Joining

The high demands on part preparation in laser welding
are met by modern sheet metal fabrication
machines.



Sheet metal welding Sheet metal welding 
examplesexamples



Welding Brachytherapy Welding Brachytherapy 
seedsseeds

• Closing Titanium tubes by fiber laser 
welding

• Dimensions: Ø 0.8 mm tubes with 0.07 mm 
wall, initial tube length: 6.5 mm

35W power / 3s welding duration

8W power / 6s welding duration



WeldingWelding MicroMicro--
devicesdevices –– fusion techniquefusion technique

Precious Metal WeldingPrecious Metal Welding

0.25 mm weld

10 w average power

Overcoming both 
reflection and high 
process initiation 

threshold



Butt Welding of fine wiresButt Welding of fine wires
(Sensors, photo multipliers, flat screen anode & cathode parts)(Sensors, photo multipliers, flat screen anode & cathode parts)
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0.25 mm



High Quality Seam High Quality Seam 
WeldingWelding
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0.25 mm

0.25 mm wide
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Material: Hardened Steel

Thickness: 125mm

Power: 100W cw

Weld speed: 4.5m/min

Weld depth: 150mm

Weld width: 250mm

Focal length: 100mm

Cover gas: Argon coaxial



Welding of Plastics with Welding of Plastics with 
Fiber LasersFiber Lasers

(replacing ultrasonic welding)(replacing ultrasonic welding)
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532 nm 532 nm 
(GREEN Light) (GREEN Light) 

WeldingWelding



Electromagnetic SpectrumElectromagnetic Spectrum

Excimer Laser (Gas)
93 – 358 nm

GAMMA XRAY UV VISIBLE INFRARED MICRO-
WAVE

TV RADIO

10-12m 10-9m
10-6m

10-3m 1m

Red Laser Diode, HeNe Laser (Gas)
630 – 670 nm

CO2 Laser 
(Gas)

10,600 nm

Nd:YAG, Fiber 
laser 1064 nm

Second harmonic Nd:YAG, 
fiber laser 532 nm



Disadvantages of Disadvantages of 
1064 nm1064 nm

• Copper and Gold are nearly 100% reflective at 
1064 nm (Fundamental wavelength)
– High powers are required

– Welding is inconsistent 
– Depth of penetration is hard to control

– Highly sensitive to surface conditions



Advantages of 532 nmAdvantages of 532 nm

• Copper and Gold couple much better to the  
532 nm wavelength. 
– Lower energy is needed to weld

– Penetration depth of weld is consistent
– Not sensitive to surface conditions

– Thin materials can be welded without damage 
to underlying materials

– Copper may be welded to dissimilar metals



Spectral ResponseSpectral Response



532 nm Welding Applications532 nm Welding Applications



Copper to KovarCopper to Kovar

• LW2AG
– .4mm SI fiber
– CCTV100/100 Focus head

• Materials
– Kovar
– Copper

• The energy needed to melt the 
copper is low, so the kovar does 
not blow out.



Copper to StainlessCopper to Stainless

• LW2AG
– .4mm SI 

– CCTV70/70 Focus head

• Material
– Plate: 304 Stainless Steel
– Ribbon: .0015” thick copper

• Intimate contact is critical



PCB Contact PCB Contact 
WeldingWelding

• LW2AG
– .3mm SI fiber
– CCTV 70/70 focus head

• Material
– Circuit board trace: Copper 

with Gold plating
– Contact: .004” copper



Solar Cell Solar Cell 
Contact WeldingContact Welding

• LW2AG
– .3mm SI fiber
– CCTV70/50 focus head

• Material
– Solar Cell:  .002” stainless steel over 

.001” kapton
– Ribbon: .002” copper

• Weld could not damage kapton
• LW2AG needs less power to couple 

into the copper so kapton is not 
damaged.



Small Spot Copper Small Spot Copper 
WeldingWelding

• LW2AG
– .3mm SI fiber
– CCTV100/50 focus head

• Material
– Lead: .0025” copper  Ni/Au 

plated
– Terminal:  Copper, Ni/Au 

plated
• Small spot size
• Wide process window 

compared to current ultrasonic 
process



Copper Component Copper Component 
WeldingWelding

• LW2AG
– .3mm SI fiber
– CCTV50/50 focus head

• Material
– Lead: Copper gold tin  plating
– Wire: Copper



Copper Component Copper Component 
WeldingWelding



Platinum to NickelPlatinum to Nickel

• LW2AG
– .3mm SI fiber

– CCTV70/70 focus head

• Material
– Wire: .004” diameter platinum
– Wire: Nickel

• LW2AG can also do low power 
tradition applications.



Why Laser WeldingWhy Laser Welding??



Advantages of Laser Advantages of Laser 
WeldingWelding

• Weld quality
– Small Heat Affected Zone
– Non-contact
– No added material

• Set up
– No wear-out process items

• Production
– Fast beam positioning
– Fast triggering



Comparison of Comparison of 
Welding TechnologiesWelding Technologies

Heat 
Input

Heat 
Affected 
Zone

Seam 
Weld 
Speed

Spot 
Weld 
Speed

Cost Operator 
skill level

Process 
maint.
effort

Laser Low Small Medium Fast Medium Low Low

GMAW High Large Fast Slow Low Medium Medium

Resistance 
Welding

Low Small Slow Slow Low Low Medium



Steps to Success 

2) Concept Plan 
1) Product Design � Coatings 

3) Process Development � Body Structures � Stamping Criteria 
� 2D Models � Styling - Safety � Dunnage / Logistics 
� 3D Prototype � Packaging Efficiency � Weld Monitoring 
� Quality Assurance � Weight Savings 
� Robustness 

7) Startup & Launch 
� Training 

4) Process Simulation � Support 
� Robot Selection 5) Tool Design 6) System Integration 

� Safety (Personnel) 
� Optimize End Effecter � Fixtures � Tryout 

� Cycle Time Optimization � Automation � Validation 
� Safety (Hardware) 



The Right Technology for Fast, 
High Quality Material Joining

Laser WeldingLaser Welding




