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PROCESS ALLOWS FOR IMPROVED

TRACEABILITY OF GLASS MEDICAL DEVICES

ROBERT BRAUNSCHWEIG AND DAVID BRUNEEL

emtosecond laser technology applied
in glass is used in various fields. For
example, marking in glass allows the
traceability of syringes or other devices
made of glass, which represents a huge
market in the pharmaceutical and med-
ical fields.

Recognizing this, femtosecond laser machine maker Lasea
and its partners have developed a non-aggressive internal
engraving laser system (NAGINELS) process to mark diffrac-
tive data matrices inside glass-based syringes without cracks
and that can be read by an external instrument.2 Patented in
2008, the technology can also be applied to different types
of glasses. This article describes the process principle and
the validation process in terms
of reading and quality con-
trol, and provides associated
industrial solutions.
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Physical principle

When a femtosecond laser
interacts with glass, structural
modifications and a volume
variation occur at the focus
point, leading to colored cen-

ters, refractive index variation,  irradiation are shown.
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Increasing of the energy deposition

FIGURE 1. Effects at the focus point after femtosecond laser

and induced stress in and around the laser-affected zones.
These effects depend on laser parameters such as pulse
energy and energy deposition. For instance, energy deposi-
tion E, is calculated according to the scan speed, the pulse
energy, the repetition rate, and the spot size at the focus point
as summarized below:

_4Ef

E, =
T mwy

where E_ is the pulse energy, f is the repetition rate, W is the
spot diameter, and v is the scanner speed.?

FIGURE 1 illustrates these effects on glass while increasing
the energy deposition. The pattern consists of a square area
filled with parallel lines inscribed in glass and spaced by a few
tens of micrometers to obtain
a diffractive effect.

At low energy deposition,
colored centers form and
are not permanent. Indeed,
after a few weeks or by heat-
ing the structures, these col-
ored areas disappear. This
is because of the depos-
ited energy being not suffi-
cient enough to break atomic
bonds and, after a certain

Micro-cracks
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time or with the help of the heat, the material returns to its original
state. When the energy deposition increases, permanent struc-
tures form and volume variation creates a refractive index varia-
tion. Managing these variations, we create diffractive structures.

FIGURE 2. Elements used for the process include the Satsuma
air-cooled femtosecond laser from Amplitude Systémes (a), the
LS-Shape special beam shaper from Lasea (b), the LS-Scan high
dynamic scanner from Lasea (c), and turn wheel for handling and
control from Lasea (d).
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At higher energy, micro-cracks start to form and propagate,
which can lead to breaking the entire piece of glass.

From these results, laser parameters can be defined to engrave
diffractive gratings and prevent crack formation. Data matrices
have a square shape made of cells to stock information. The num-
ber of cells is chosen according to the quantity of information
that we want to write. Each cell is made of a grating. The diffrac-
tive effect needs to have a sufficient contrast for the marks to be
read and decoded.

Systems used for the process

An air-cooled femtosecond laser emitting in the infrared (IR) is
focused in glass by a special lens mounted on the scanner head to
mark the lines. A beam shaping system is used to adapt the beam
before the scanner head, allowing adjustment of the spot size. The
scanner head moves the beam in the sample at a very high speed.
FIGURE 2 shows the typical writing setup.

After defining the laser parameters for a new type of glass, val-
idations on thousands of syringes must be done to check for the
lack of micro-cracks. To do so, we take pictures with a 10X confocal
microscope. FIGURE 3 illustrates an example of a data matrix image.

A range of energy deposited is tested and a security margin
is defined. Additional tests (for example, crush and vision tests)
are then done by Lasea’s customers to verify the syringe integ-
rity impact.

Data matrices made of gratings are illuminated with alamp under
a given angle, so that the light is diffracted when passing through
the gratings. A camera takes a picture of the illuminated data matrix
and a software or application decodes the information. FIGURE 4
shows an example of illuminated data matrices with white light
and blue LEDs.

An automated system combining those elements can be inte-
grated in a machine with different sources and cameras. The light-
ing and camera are then optimized to get a Grade 4 on all high-
speed readings (up to 600 syringes/min).

Industrialization

The laser parameters and scanner parameters are set using Kyla,
Lasea’s micromachining software. Any machine can integrate
these elements,
adapted accord-
ing to the applica-
tion. For instance,
we have developed
machines com-
bining a wheel on
which syringes are
fixed and synchro-
nized with the scan-
ner mirror’s move-
ments (FIGURE 5). The
wheel turns in front
of the scannerand a
trigger allows mark-
ing on-the-fly as
each syringe passes

FIGURE 3. An example of a grating
inscribed in a syringe is shown.
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