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One hundred and forty years after 
Scotsman James Ballantyne Hannay’s first 
attempt to synthesise diamond, artificial 
diamonds are no longer indispensable 
in today’s industrial world. But, since 
diamond is the hardest material on earth, 
manufacturing of diamond tools takes time. 

Diamonds can only be ground or polished 
in a time-consuming process using other 
diamonds - or a laser. As a photonic tool 
the laser is contactless, and no mechanical 
contact means no wear. So diamonds can 
be processed with high precision using the 
laser at almost zero tooling costs. Also, 
using the latest developments in green 
laser technology, manufacturing times of 
synthetic diamond tools can be decreased 
significantly, combining the diamond 
shaping and grinding processes into one 
single manufacturing step (Figure 1).

Artificial diamonds have been grown since 1954, 
when Tracy Hall of General Electric was able to 
produce them on a reproducible level for the 
first time. They are made from the same material 
as natural diamonds -pure carbon- using a 
high pressure and high temperature process 
or a Chemical Vapor Deposition procedure. 

Nowadays artificial diamonds even reach 
jewellery stores, synthetically grown to a purity 
that can exceed that of natural diamonds [1]. 
In 2018, 2.6 million carats of artificial diamonds 
have been grown, 70% of them for non-gem 
applications. And the journey is just beginning: 
synthetic diamond production is predicted to 
multiply 100-fold in the next 30 years (Figure 2, 
[2]).

These breathtaking numbers are driven by a 
constantly increasing demand for rough diamond 
and a constant decrease in the supply of mined 
diamonds. The world is slowly but steadily 
running out of natural diamonds and mining is 
getting increasingly difficult, being time- and 
especially energy-consuming. 

Another factor that drives the production of 
artificial diamonds is the environmental footprint, 
which is much smaller than that of mined 
diamonds. As an example, the generated CO2 
emissions of an artificial diamond are 2 million 
times less than those of a mined diamond. 
Finally it is our modern high-tech world, with 
its never ending effort to optimise devices and 
speed up manufacturing processes, that drives 
the overall demand for diamonds and diamond-
based precision tools.

Diamond tools enable aluminum removal 
rates of more than 270 cm³/s

Whereas many synthetic diamonds are directly 
used in saw blades, cutters and grinding wheels, 
polycrystalline diamond (PCD) inserts are widely 
used for milling of metals, alloys, composites, 
plastics, cast iron, ceramics and even tungsten 
carbide. 

The main demand for metal processing using 
synthetic diamond is the milling of aluminium, 
where removal rates of more than 270 cm³/s 
(1000 in³/min) have been achieved [3]. The key 
components of these high-speed milling heads 
are small PCD inserts, based on a polycrystalline 
diamond compound (Figure 3).

To produce such compounds, diamond powder 
or grains with a size of 0.5-35 µm are sintered 
together in the presence of cobalt, which is 
commonly used as a catalyst producing an 
adherent diamond compound. Since cobalt 
is electrically conductive it also makes the 
compound electro-discharge machinable, and 
it provides a significant degree of toughening 
to the PCD, generating a robust machining 
blank. Finally the PCD is sintered to a hard metal 
base - commonly tungsten carbide - generating 
diamond blanks with a diameter of 38-60 mm 
and 500 µm PCD within an overall thickness of 
1.6-3.2 mm. The cobalt content and diamond 
grain size vary depending on the tooling 
requirements, providing the optimum balance 
of wear-resistance and hardness for different 
materials.

The blanks are separated into single cutting 
pieces using wire-based EDM or high power 
lasers, leaving an extremely poor and rough 
edge quality. After the PCD “tooth” is mounted 
to a hard metal carrier, the cutting edge of 
the PCD insert is finally shaped, ground and 
polished to the desired edge quality. This is a 
time consuming process using different diamond 
grinding wheels that have a high wear rate. 
Depending on the diamond grain size of the 
PCD, chipping effects can occur during the 
grinding process, which limits the edge quality 
and the maximum grinding speed.

This is where nanosecond lasers enter the 
game. For example, InnoLas Photonics’ BLIZZ 
lasers not only cut through the cobalt content, 
but also evaporate the diamonds, generating 
an excellent, clean cutting edge with less than 
2.5 µm roughness and absolutely no chipping, 
independently of the diamond grain size 
(Figure 4).

The 40 W green lasers provide up to 1 mJ pulse 
energy at 40 kHz repetition rate, generating 
peak powers of 50 kW in a 20 ns laser pulse. 
Whilst other green nanosecond lasers with 
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Figure 3: Common PCD inserts (left), close-up of the cutting edge (right). 

Figure 1: Precision cutting of polycrystalline 
diamond.
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Figure 2: Synthetic Diamond Market Evolution. 
Source: Frost & Sullivan Ltd. [2]
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comparable or even higher power are made for 
high throughput, high repetition rate applications 
in microelectronics, the BLIZZ lasers are 
optimised for high energy at a short pulse width, 
providing very high peak powers. So 40 W lasers 
are even outperforming other 80 W green lasers 
in this application, since they all miss pulse 
energy and peak power. This is the key for high 
quality diamond processing.

It all starts in the applications lab

PCD laser cutting trials have been performed 
at InnoLas Photonics for many years, but the 
release of the 40 W BLIZZ nanosecond laser in 
2017 generated a new push and big interest in 
the diamond tools industry. Researchers in the 
industry come to our applications lab to perform 
cutting and shaping trials on many different kinds 
of PCD material compositions (Figure 5). 

InnoLas Photonics has performed a general 
laser processing study on different well-known 
and well-specified PCD blanks, ranging from 
0.5 to 35 µm in grain size, as well as mixed 
grain compositions. This general study of laser 
cutting and shaping behavior of PCD greatly 
assists in rapidly finding the right parameter for 
customer-specific compositions, and also helps 
in quantifying how the material composition is 
affecting the cutting speed, quality and heat 
affected zones. Of course one can see quite a 
difference in cutting speed depending on these 
parameters.

Cutting speeds match EDM with better 
quality

As a result, cutting speeds of up to 3.6 mm/
min have been achieved on 1.6 mm thick PCD 
blanks, supplied by DIAMONDS G. Wicke 
Handels-GmbH. This has been achieved using 
an optical setup with a 100 mm f-theta lens and 
an 8x beam expander telescope.

The scanning speed of a 15 mm galvo head 
was set to 200-500 mm/sec at 40-80 kHz laser 
repetition frequency. Even though a cutting 
speed of 3.6 mm/min sounds relatively slow for 
laser specialists, it is a very common value for 
EDM wire cutters processing PCD, leaving a 
poor edge quality. So, since the laser process 
eliminates the need for post-processing grinding 
and polishing, this is a significant time saving in 
PCD processing.

New material compositions and 3D chip 
breaker designs

The use of lasers eliminates the need for the 
PCD to be electrically conductive - which is 
essential for electrical discharge machining and 
ED grinding. This enables new opportunities in 
reducing or partially replacing the cobalt with 
other, non-conductive materials that can make 
the diamond compound even harder. 

Another advantage of the laser process, and one  
that also brings new application possibilities, is 
being able to generate arbitrary shapes on the 
cutting edge of the PCD. Whereas the EDM wire 
and the grinding wheel limit the shape of the 
PCD’s cutting edge, the spot size of the laser - 
which can be as small as a few microns - is the 
only limit in laser processing. In addition, the use 
of the laser enables selective volume removal of 
PCD, generating arbitrary 3D structures for novel 
chip breaker designs that play an increasing role 
in high speed milling processes.

Summary

The high pulse energy and peak power of the 

40 W green BLIZZ laser developed at InnoLas 
Photonics not only enables fast processing 
speeds of up to 3.6 mm/min, it provides a clean 
cut and shaping of PCD as well as the tungsten 
carbide carrier material, which makes further 
grinding and polishing unnecessary. It also allows 
new material compositions with reduced cobalt 
content, as well as generating high-tech chip 
breaker designs. 

Finally, the PCD inserts can be marked with the 
same laser, generating a temperature and wear 
resistant marking, whether the carrier is made 
of tungsten carbide, molybdenum, DensalloyTM, 
MalloryTM, titanium or vanadium carbide. And 
all this comes at basically zero tooling costs 
making the laser the perfect tool for the synthetic 
diamond industry.
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Figure 5: EDM cut surface quality (left); BLIZZ laser cut surface quality (right).

Figure 4: Clean free-form cut of PCD (left); Edge quality 5x magnification (centre); Edge roughness of 2.5 µm (10x magnification) (right).


