Laser-MicroJet ®
the revolution In

precision machining




Laser Microjet® Technology - a simple principle

A Revolution in
Micromachining

® For the first time ever, it is
possible to combine the
advantages of both water Focusing
and laser cutting in one lens =
operation.

® Using the difference in the
refractive indices of air
and water, the technology
behind Laser MicroJet®
creates a laser beam that
is completely reflected at Water
the air-water interface.

Laser guided by
total internal reflection

® The laser is, therefore, Water Nezzle
entirely contained within chamber i
the water jet as a parallel < ) —
beam, similar in principle L
to an optical fiber. Work piece
P
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Laser Microjet® Technology — a perfect tool

The perfect shape Conventional laser MicroJet laser beam
® The conventional focused beam

laser hbeam has a limited «—— Laser —

working distance of just a Focusing

few of a mm, due to beam  l—TTTP e > ——

divergence, making precise
focussing and distance
control necessary, so

limiting the ratio of kerf Water
width to depth. chamber Window
: 3 /
® The Laser MicroJet® ¢

technology employs a laser = o 3

beam which is completely Focal Working

reflected at the air-water point "1 range

interface, where the beam (depth of field) Ba

can be guided over a - v Nozzie

dlstar_lc_e of up to 10 cm, Conventional |

permitting production of laser beam

parallel high aspect ratio (divergent) ‘ Working

cut kerfs. No focussing or / "'_";3‘3“]1‘{‘ range

distance control is required. x E(';';“i drii;'f’)r =3
. .
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Laser Microjet ® Technology — thinner than a hair

Lasers

Lasers used are diode pumped solid
state Nd:YAG lasers with pulse durations
in the s or ns range, operating at 1064
nm, 532 nm, or 355 nm. Average laser
power ranges from 10 W to 200 W.
Water

Pure deionised and filtered water, at low
pressure, is used. Because the jetis
“hair thin,” the level of water
consumption is extremely low—in the
order of 1 litre per hour at 300 bar
pressure and the resulting forces exerted
are negligible (<0.1 N).

Nozzle

The nozzles range in diameter from 30
to 150 um and are made of sapphire or
diamond, as these materials’ hardness
enables generation of a long, stable
water jet over a long period of time
without requiring replacement.
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Technology advantages

hel ‘

fves
M‘ 50 eﬂt

Conventional Laser

S
ack
| dra“’ Requires precise
a “asefs focus adjustment

Laser Microjet®

Conical laser beam
leaves nan-parallel kerf walls

T

Limitations in cutting aspect ratio

A

Heat affected zone

Particle deposition

Inefficient material
removal leaves burrs

No focus adjustment required, non-flat surfaces
are not an issue, 3D cutting possible, variable
cutting depth of up to several cm

Cylindrical beam results in paraliel kerf walls,
cansistent high quality cutting

High aspect ratio, very small kerf widths (< 30 pm
possible}, minimising material lass, with simulta-
neous deep cuts possible

Water-cooling process avoids thermal damage and
material change,
high fracture strength is maintained

A thin water film eliminates particle deposition and
contamination,
no surface protection layer required

The high kinetic energy of the water jet expels
moiten material, no burrs form
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Watches:

- Decorative parts




Functional Parts

Materials

Brass, CuBe, Maillechort, Pfinodal,
Durnico, StainlessSteel

Thickness
150 to 500

Durnico

LMJ Advantages
Flexibility, Process time, Quality Brass

Important Machining Criteria
No burrs
No Heat Affect Zone (HAZ)
No Edge damage
High Precision

Durnico

CuBe
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CUBe CUt“ng by Laser Microjet®

Mozzle diameter 40 pm
Microef® diameter 36 pm
VWater pressure 300 Har
Assist gas He |
Laser type L202G Waterial CuBe
\é\favelength 532 nm Dirnenzion Bx5 mm
ulse frequency 8 hHz .
| Average power T Thickness 820 um
Cluantity 10 pes
CUTTING PARAMETER | Cutting speed: s
Peck Hole 2
Cutting 0.5
MNumhber of passes
Feck Hole 20-25
| Cutting 1
Process time Peck ~00 | g
Holes™®
Frocess time ~1.5 iR
cutting™
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B Fass C u tt| N g by Laser Microjet® RS

Vallée de Joux

MICROJET?® MNozzle diameter 40 um SAMPLE 1 Material Brass stripe
_ PARAMETER Microdet® diameter 33 um Length Few meters
YWater pressure 400 Har Dimension {width) 25 mm
Assist gas He Thickness 0.18 mm
= ==  LASER PARAMETER Laser type L101G Quantity 1 lncs
YWavelength

Fulse frequency
Average power

| CUTTING PARAMETER | Cutting speed
MNumber of passes
Process time
Tape

P .
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Durnico Steel Cutting

by Laser Microjet®

MICROJET® | Mozzle diameter 40
PARAMETER | MicroJet® diameter ~32 pm
Water pressure 300 bHar
[
== LASER PARAMETER Laser type L1071 :
- . Vyavelength 032 nm Thll:krTIESS 220 HIT
- | Pulse frequency 5 WHE Sautors 14 pos
- | Average power 7w Squares 5uh =15 ocs
CUTTING PARAMETER | Scanning speed 13 mmy's
. | Murnber of passes 7
3 Cutting speed 1.8 mmv's
§ | Cutting time (gauteir) g
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DumiCO CUt“ng by Laser Microjet®

SYSTEM:
LDS 300
MICROJET®  Mozzle diareter 30 pm . -
! PARAMETER  MicroJet® diameter 25 um | Material Durnico
Water pressure 490 | ;
et e i Thickness 025 mm
LASER Laser type L10G
PARAMETER  ‘#avelength 532 nm
Fulse frequency 8 kHz
Average power 7AW
CUTTING Cutting speed 045 mmy's
PARAMETER | [Mumber of passes 1
Process Time 4 rmin
Fixature Clamps
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by Laser Microjet®

Other Watch Parts Cutting

MICROJET? MNozzle diameter [ 40 wm SAMPLE 1: DOIGT DE QUANTIEME Material CuBe 190 HM
PARAMETER MicroJet® diameter | 36 pm Thickness 220 um
Assist gas He Cuantity 5 pes
SAMPLE 2: RESSORT Material Ac Sulem H1
Thickness 300 um
% =  LASER PARAMETER Laser type L101 Quantity g ocs
Wavelength 232 nm SAMPLE 3: DISQUE Waterial
Pulse frequency 7 Kz Thickness 180 um
Cluantity 5 pes
SAMPLE 4: BASCULE CHROND Material Durmnica
Thickness 550 um
Sample Material Average Speed Number of Pressure Quantiy 5 ncs
power (W) {mmis) passes (bar) SAMPLE 5: PONT D’ANCRE tWaterial CuBe
Doigt de | CuBe 1B0HM | 17 0.5 1 300 Thickness 520 um
guantieme CAuantity 5 pos
Ressort Ac Sulem HT [ 21 1 1 450
Disque Malllechorg 15 3 300
Bascule Durnico 17 0.4 1 300
chrono
Pontd'Ancre | CuBe 21 05 1 450
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Watches:

- Functional parts




Decorative Parts

Criteria
* No burrs
 No HAZ
* No Surface damage
e Precision

Typical Process
e Stamping
e Tempering
 Polishing
 Planing
* Bluing

Brass

Brass
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BraSS CUtUng by Laser Microjet®

MICROJET® Mozzle diameter 40 wm
PARAMETER Microdet® diameter a6
' Water pressure 400 bar

Assist gas He

LASERPARAMETER  Laser bype L1016 Material Disc of brass
Wavelength 832 nm Dimension @41 mm
Fulse frequency B kHz Thickness a50 pm
Average power 8w Cluantity 5 pos

CUTTING PARAMETER | Cutting speed 0.5 mm's
Mumber of passes 1
Owverall speed 0.9 mmy's
Tape n.a.
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BraSS CUtUng by Laser Microjet®

MICROJET?® MNozzle diameter a0 um
PARAMETER MicroJet® diameter 42 lum : ;
S VWater pressure 350 bar M@L@ﬂ@l Disc of brass
Assist gas He Dimensian & 39 mm
% = LASERPARAMETER  Laser fype L1016 Thickness 400 pm
Wavelength 532 am Cuantity 40 pes
Pulse frequency 3115 hHz
(Peckhole { cutting)
Average power 18420 W
(Feckhole / cutting)
CUTTING PARAMETER | Cutting speed 10/1.05 mmds
MNurnber of passes 1341
_ Process Time Bmin35s
S Fixture clamp

e Very good quality
 Big Variety of shape

e .
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BraSS CUt“ng by Laser Microjet®

MICROJET® | Nozzle diameter 40 e
PARAMETER WicroJet® diameter 36 um
| WWater pressure 400 har
PESisEaAs e Material Brass
LASERPARAMETER | Laserfype L101G | Dimensian @47 mm
| Wavelength 532 nm :
| Pulse frequency g k= TthkﬁESS 1200 pm
Average power 8 W Cluantity B pecs
( CUTTING PARAMETER  Cutting speed 0.5t0 50° mmv's
MNumber of passes 1to 45*
| Orverall speed 05t0 117 mmy's

* More details on these parameters can be found on the resuif sechion.

Sample

Number of passes 45
Cutting speed [mm/s] a0
Process time [min] 2min. 50s

2 AT
R fRE NS "

el

1000um
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WatCh HandS CUt“ng by Laser Microjet®

MNozzle diameter 40 um
MicroJet® diameter a6 um
Water pressure 400 har Material Steel
Agsistgas He Thickness 270 pm
_____ o - B Cluantity 1 oog
LASER PARAMETER Laser type L101G
| Wyavelength 232 nm
Pulse frequency 8 kHz
| AWBrage power 20 W Material Brass
I Thickness 270
CUTTING PARAMETER | Scanning speed 2 mn's Cuantity 1 pes
Murnber of passes 1
Time per piece 174 (design 0510_0025) |5
190 (design 3362_0002) 3
Fixture Clamped

S
QOO = O =__ >
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Steel Hands Cutting by Laser microjete

SAMPLE aterial Steel (CK BO) stripe
Dirmensian {width) 38 mm
Thickness 0.18 mm
Cluantity 1 nes

SR & a z - =
¢ g . . b SR,
[ —
! 1000um %

i
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Brass Hands Cutting by Laser microjete
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BraSS CUtUng by Laser Microjet®
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The Laser MicroJet has proven that it can deliver a superior
surface quality in terms of roughness, tolerance, chipping and
burrs, especially for all Copper alloys.

This allows the Manufacturer to make prototypes much faster
because there is no waiting for a stamping tool and avoids a

« two step » process with Dry lasers that make Steel prototypes
first while waiting for the Stamping tool.

The Laser MicroJet is also an economical alternative to stamping
for small series of up to 1000 pcs.

Ideal for short runs, flexibility and turnaround time
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Innovative Laser Systems




PhD Thesis on Combining a Laser with Water in
1990-1994 at the Ecole Polytechnique Fédérale de
Lausanne (EPFL) in Switzerland by Dr. Bernold
Richerzhagen (Founder)

1994 to 1997 was spent in securing Patents
Worldwide and Funding to start the company

1997- Synova S.A. was founded
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Synova S.A. has shipped over 100 Systems since 1997
across the World

Our Innovative Laser Systems and unique technology has
been recognized by several awards

“Going where no

. other laser can go”
Miles away from

conventional laser”

“Water jet guided laser
performs miracles”
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Partnering for the future

Holland Private Equity (HPE) has invested
20M CHF in October 2011 for a minority
stake in Synova S.A.

Solid multiyear foundation in place:

» To strenghten our Supply Chain and
partner with Strategic Suppliers

 Increase our Global Infrastructure for
Sales and Support

« Add Micro Machining Centers in South
Korea, the USA and China

 Invest in Strategic Developments to
exceed our Customer’s actual
requirements and future expectations

« Strengthen our core competencies
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Global Infrastructure
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Contact

Synova SA
Pierre Court
Sales Manager Europe
+41 21 694 35 00
court@synova.ch
www.synova.ch
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