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As some ask how far the watch 
industry can go in its use of 
new materials, Ulysse Nardin 
introduces the next step in its 
evolution toward the watch of the 
future: industrialised diamond 
coating of silicon components.  
Elizabeth Doerr

Ever stop to think about diamonds? We love to wear them 
because they catch the light so enticingly. We love to show 
them off because they are a sign of wealth. Their beauty 
is enchanting, but thanks to their physical properties, they 
also have practical applications. Diamond is not only a girl’s 
best friend; it is now one of the elements opening up the 
next stage of watchmaking, a stage that involves discovery 
and modern progression.

But what can diamond offer to watchmaking that has not 
already been covered by silicon? Many watchmakers have 
asked this question and Ulysse Nardin – one of the industry’s 
pioneers – was the first to come up with the simple answer: 
diamond can provide the same properties as silicon but in a 
much harder and more corrosion-free manner. 

While the rest of the watch world 
was talking about Nivarox balance-
springs and dependence on the 
Swatch Group, Ulysse Nardin’s Rolf 
Schnyder and chief engineer Pierre 
Gygax were conducting research 
into a material that could change 
the way of thinking about what this 
sensitive component could be made 
of: diamond is one option.
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Genuinely synthetic
Natural diamonds are formed by a geological process that generally takes place under 
high-pressure, high-temperature conditions deep under the earth’s surface. Minerals 
containing carbon provide the source and the growth occurs over periods ranging from 
a billion to 3.3 billion years. To put it in perspective, it takes a period of time equivalent 
to 25 per cent or more of the age of the earth for a diamond to naturally occur.

Though experimentation with synthetic diamond was happening as early as 1879, it 
wasn’t until the 1940s that systematic research began in the United States, Sweden and 
the Soviet Union to grow diamonds, using the same processes that still dominate this 
field – with the first usable results reported in 1953. HPHT stands for High-Pressure 
High-Temperature synthesis, and the gist of it is exactly how it sounds. More important 
for modern industrial needs is the CVD process, which stands for Chemical Vapor 
Deposition. This should sound vaguely familiar to horological enthusiasts as it is similar in 
both name and process to PVD, Physical Vapor Deposition, which is the process typically 
used for thinly coating an element (such as a stainless steel case) with another substance 
(such as gold).

Chemical Vapor Deposition sees diamond grown from a hydrocarbon gas mixture. One 
of the main advantages of CVD diamond growth includes the ability to grow it over large 
areas and on various substrates. Additionally, fine control over chemical impurities and 
the final properties of the diamond produced is guaranteed. The basics of CVD growth 
involve substrate preparation, introducing varying amounts of gases into a chamber, and 
providing them with energy. It is actually the advent of CVD that has made it possible to 
use diamond for watchmaking and other industries in need of micro-components. While 
PVD ends at having coated its target, CVD’s quest is to plant diamond ‘seeds’, which 
grow on the substrate.

Above and above left: AD (All 
Diamond) components in situ.

DCS (Diamond Coated Silicon) parts in movement.
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Sparkling pioneer
Ulysse Nardin began experimenting with diamond in the escapement in 2002 in order to 
continue the quest for a new solution to the old problem of lubrication. To achieve this, 
the innovative little company from Le Locle partnered up with GfD in Ulm, Germany – the 
only institution able to coat components with diamond at that time.

Dr Peter Gluche and Dr André Flöter founded GfD (Gesellschaft für Diamantprodukte) in 
1999 with the intent of industrialising the use of diamond coating. Diamond is a material 
that has largely been unexplored in watchmaking – except to embellish timepieces 
outwardly—as it is a process needing incredible time, effort and financial backing to make 
viable for industrialisation. Diamond-tipped tooling is perhaps the most well known use of 
industrialised diamond coating up to now – and an element that modern manufacturing 
processes could not do without.

While silicon has conquered the hearts of high-end watchmakers due to positive attributes 
such as light weight, low density, hardness, and non-magnetism, it does have one 
drawback: it is brittle. Diamond, which is a much lighter raw material than commonly 
understood – in fact it is 25 percent lighter than titanium – has all of silicon’s properties 
and added hardness, and boasts ten times the mechanical stability of titanium and steel. 
This means that while diamond is also brittle in its own right, it takes much greater forces 
to break it. Like silicon, diamond does not need lubrication either, and wear is practically 
non-existent. 

GfD was founded with the idea of continuing the evolution of CVD and industrialising it. 
Gluche explains that it is the strength of the carbon atoms’ bonding that differentiates 
this formation of diamond from graphite or other forms of carbon – and makes it strong. 
A great amount of energy is needed to produce the bonding between the carbon atoms.

Diamond Life

Two transparent escape wheels of the Freak 
Diamond Heart; the exceptional hardness of 
diamond is practical for many reasons, with no 
need for lubrication being top of the list.

The unassuming home of Sigatec/Mimotec.

Below: The Diamaze technology in Sion produces both 
AD (All Diamond) and DCS (Diamond Coated Silicon) 
components.
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Eureka 
In June 2002, Ulysse Nardin began test production on a 
Dual Direct escapement made of CVD-grown diamond 
and soon continued it on balance springs. The latter was 
intended as research to confirm the diamond’s surprising 
property of elasticity, which is in direct opposition to its 
reputation as a hard, rigid material.

According to Ulysse Nardin’s technical director Pierre 
Gygax: “On 27 December 2002, excitement abounded at 
GfD and Ulysse Nardin: at last, the watch with ‘diamond 
inside’ was ready for industrial production.” The two 
companies had managed to create the first diamond 
hairspring and saw to it that it successfully worked.

Given the cost involved, ‘all diamond’ (AD) parts were 
exclusively used for the most experimental, luxurious 
and rare timepieces the company manufactured. In 2004, 
Ulysse Nardin asked GfD to develop a process to grow 
diamonds on silicon components rather than wafers, which 
– like silicon – require subsequent etching. GfD tackled this 
assignment and developed its unique Diamond Coated 
Silicon (DCS) technology.

In 2006, Ulysse Nardin’s Rolf Schnyder and Hubert Lorenz, 
founder of Mimotec, created a joint venture: Sigatec 
utilises the combined force of UV LIGA production and 
DRIE-worked silicon to create light, sturdy, corrosion-
resistant and non-magnetic components. Additionally, 
Mimotec and Sigatec have made these technologies 
widely available to the watch industry at large. Currently, 
Sigatec has 32 clients using its silicon technology; Mimotec 
can boast about 100 clients for its LIGA-produced parts. 

Late last year at the Mimotec/Sigatec facility in Sion, Ulysse 
Nardin jointly introduced the next venture, this time in 
conjunction with a third party in the form of GfD. This new 
venture has been christened Diamaze Microtechnology 
and shares space in the Sion building. “This represents 
a new chapter in the history of haute horlogerie,” said 
Schnyder during the official inauguration. 

Industrial jewels
A new reaction chamber has been installed at the 
Mimotec/Sigatec plant that operates at a temperature 
of about 2,300°C. This machinery is the result of about 
ten years of development to date according to Gluche, 
who also said, “this plant is currently the largest of its 
kind developed anywhere in the world.” For the first 
time, diamond production has been industrialised for 
applications in micromechanics – and this, of course, 
includes watchmaking.

After 15 years of experimentation and research, the 
process is stabilised and can now be industrialised thanks 
to Sigatec. Ten million Swiss francs invested into the 
Mimotec/Sigatec facility by GfD (and an undisclosed sum 
provided by Ulysse Nardin) have resulted for the most 
part in an innovative three-chamber machine that basically 
‘toasts’ the diamond vapor coating the silicon and growing 
the crystals. 

Using enormous amounts of energy, five microns of 
diamond coating can be grown in a 24-hour period. The 
result looks much like a piece of foil when it is separated 
from the silicon substrate.

Above: The ‘toaster’ that grows the diamond ‘seeds’. Above right: A diamond wafer.
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Synthetic shine
Gluche went on to explain that while diamond has the highest 
mechanical strength of all materials – ten times harder than the 
next hardest material on the Mohs scale – it remains lightweight, 
chemically inert (meaning it won’t corrode), non-magnetic and will 
not exhibit wear and tear. While silicon also boasts many of these 
characteristics, it is also brittle. Gluche demonstrated that the 
diamond applied to a silicon substrate remains flexible – providing 
yet another advantage over silicon on its own.

“There is no more extreme material than diamond,” Gluche 
explained. “It is the most stable of all materials too.” And now it is 
available as a thin sheet that almost looks like tin or aluminum foil 
to cover silicon components or be used on its own.

When the geometry of the component needs to be predetermined 
by silicon, Diamaze Microtechnology has the know-how to coat 
the silicon with the diamond, thus using the silicon as a substrate. 
This is known as DCS (Diamond Coated Silicon) and is achieved 
easily enough by coating the pre-structured silicon wafer with 
a thin layer of nanocrystalline diamond in three dimensions. 
After toasting or baking in the facility’s innovative machinery, 
the components have almost exactly taken on the properties of 
diamond: high mechanical stability, low friction coefficient and 
exceptional resistance to wear. 

It is also possible that the silicon substrate could then be removed, 
but to do so would drive the cost of the component higher. 
The silicon does not harm anything, so it is left in place. For 
horological applications, a diamond coating of only five microns 
is necessary—the equivalent of about 14,000 carbon atoms 
stacked one on top of another. 

Growing diamonds on a silicon substrate is a less costly venture 
than AD parts, so Ulysse Nardin generally utilises DCS. The first 
result of DCS was exhibited in 2007’s Freak DiamonSil. Gygax 
proudly proclaims, “The Freak is really our lab on the wrist”. The 
biggest reason for this, Gygax explains, is that at the beginning the 
energy consumption of the Freak was very high and the company 
had to research new materials to achieve bringing it to life.

Diamaze Microtechnology also manufactures AD components 
without a silicon substrate. This requires the same sort of use of 
plasma etching that silicon requires (see QP45) with the input of 
energy created by burning oxygen at a high temperature. The result 
of a component thus created can be seen in the transparent diamond 
escape wheels found in Ulysse Nardin’s Freak Diamond Heart. 

Components for the Freak DiamonSil.

Close-up of an All Diamond wafer.

AD (All Diamond) plasma etching.DCS (Diamond Coated Silicon) cross cut.

Diamond coating.
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Accepted technology
So far, Ulysse Nardin is the only company to regularly use diamond technologies in its 
products. However, it is not the only company to experiment with it at this point in time. 
In 2007, Greubel Forsey previewed its fourth invention piece (IP4), an EWT (experimental 
watch technology) with a GfD All Diamond hairspring at its heart. 

“The avenue of diamond is much more interesting than silicon,” Stephen Forsey said in a 
recent interview. He continued that the best idea is to make both the spring and the balance 
wheel out of diamond, but that this is a very costly proposition. Forsey explained that his 
La Chaux-de-Fonds-based company is in no hurry to rush its use of the material. As with all 
of Greubel Forsey’s EWT technologies, it is more about first getting it right to the founders’ 
satisfaction before introducing it in serial timepieces. “If, over time, the material delivers the 
goods we are looking for, we’ll use it,” Forsey says. “We don’t want to use our clients as 
guinea pigs.” 

Further information:
www.diamaze-gfd.com 
www.mimotec.ch 
www.ulysse-nardin.com

An All Diamond escape wheel.


