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The Latest Trend of Laser Materials Processing

Akira Matsunawa and Jong-Do Kim

1. Introduction

  The laser is regarded as the greatest scientific 

and technological invention in the 20th Century.  

Since Theodore Maiman succeeded the world 

first oscillation of Ruby laser in 1960, many 

scientists and engineers have paid great 

attentions to this artificial light that never 

exists in the nature. Though many applications 

of laser were proposed, the laser measurements 

were only realized in those days because of the 

shortage of power. However, various kinds of 

lasers were invented since then, and areas of 

laser applications were gradually expanded as 

the laser power was increased.

  The first laser material processing was realized 

in 1967 at AT&T Co. to make a hole in diamond 

dies for drawing fine metal wire. This was an 

epoch-making technology because the processing 

time was shorted less than 1/15 than that of 

conventional electrolytic method. There still left, 

however, many problems and barriers until the 

lasers were introduced to industries in full- 

scale.

  The artificial term of “LASER” came from “Light 

Amplification by Stimulated Emission of Radiation”. 

Large amount of money was invested to develop 

lasers and their applications, but good results 

were hardly obtained. It was thus called 

ironically that “LASER” was the abbreviation of 

“Lucrative Acquisition Scheme for Expensive 

Research”.

  In 1970’s, technological developments of laser 

welding, laser cutting, laser hardening and so 

on were undertaken in earnest. And laser 

technologies began to penetrate gradually into 

industries. At present, there are three areas 

where laser materials processing are intensively 

and widely used in industries. They are North 

America, Japan and EU countries. In recent 

years, however, Korea, Taiwan and China are 

getting active to employ laser technologies in 

industries.

  The features of laser applications in Japanese 

industries are little bit different from those in 

US and EU. Lasers applications in US and EU 

are mainly concentrated in the automotive and 

military industries. In Japan, on the other 

hand, lasers are spread in wide industrial areas 

such as the electric and electronic, automotive, 

mechanical, bridge, heavy structural and steel 

making industries.

  The development of high power lasers were 

greatly accelerated since early 1990’s, and the 

commercial 45 kW CO2 laser and 10 kW YAG 

laser appeared in the mid-1990’s. Particularly in 

Japan, the laser welding of medium and thick 

plates attracted interests in many industries 

such as the heavy industries and heavy electric 

industries. Responding to the industrial demands, 

the MITI (Ministry of International Trade and 

Industry) organized a big project called “Advanced 

Photon Processing and Measurement Technologies” 

for 5 years from 1997. The project was composed 

of 3 areas, i.e., 1) Photon Applied Measurement 

(In-Situ and Non-Destructive Measurements), 

2) Photon Applied Processing (Macroscopic and 

Microscopic Processing), and 3) Photon Beam 

Generation (High Power and Tightly-Focusing 

All Solid-State Lasers). The target values of 

Macroscopic Processing were the full penetration 

welding of 30 mm thick steel and 20 mm thick 

aluminium alloy at the speed of 1 m/min with 
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Fig. 1 Pattern of beam mode1) 

Fig. 2 Propagation characteristic of gaussian beam1)

no imperfection. Also, the development of 10 kW 

LD-pumped solid-state laser was aimed. All 

target values in the project were cleared, but 

unfortunately the achievements have not been 

reflected to industries.  

  In recent years, the new lasers with extremely 

good beam quality such as the disk and fiber 

lasers have been developed in Europe and 

United States. Also, a high power Laser Diode is 

presently commercially available. At the beginning 

of 21st Century, the laser materials processing 

technologies are now entered into the new 

Renaissance age. In this paper will be described 

the new trends laser Materials processing.

2. New Industrial Lasers

2.1 Problems of High Power Lasers

  An ideal laser in physics is defined as the 

temporal and spatial coherent electro-magnetic 

wave (EMW). In a word though it is not 

theoretically correct, the temporal coherence 

means monochromatic wave, and the special 

coherence is a strong wave with uni-phase.  

This kind electro-magnetic wave does not exist 

in the nature and only possible to produce by 

the laser or maser.

  From the view point of energy concentration, 

the spatial coherence is important. The EMW in 

phase can be tightly focused by the lens or 

mirror, and thus the extremely high concentration 

of energy is achievable.  A laser is a heat source 

that can produce the highest power density more 

than 107 kW/cm2 that the mankind has ever 

used. The beam mode is an important factor 

which governs the focusing capability. Beam 

mode is defined as the pattern of standing wave 

in the radial direction in the laser cavity. As 

shown schematically in Fig. 1, there are 

numberless modes of standing wave in the 

cavity. The white part in the figure shows where  

the beam intensity is high. The beam mode is 

expressed by TEMmn (Transverse Electro Magnetic 

Mode), and TEM00 is called as the basic mode, 

single mode or Gaussian mode. The intensity at 

the beam center is the highest in TEM00 mode.  

The modes with higher values of m and n are 

called the higher order mode or multiple mode.  

If the beam power is the same, the peak 

intensity becomes lower in higher order mode.  

The Gaussian mode is the ideal case of laser, 

however, it is only achievable up to several kW 

CO2 laser and several W lamp pumped solid 

laser.  

  The focusing capability is the highest in the 

Gaussian beam, and it is getting worse as the 

indices m and n are increased when the same 

optics is used. In Fig. 2 is shown the propagation 

characteristic of Gaussian beam. Though a laser 

has the superior directionality, it is not the 

perfect parallel beam (plane wave) but has a 
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