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Micro-machining workstation for a diode pumped Nd:YAG high-brightness
laser system
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A Nd:YAG micro-machining workstation that allows cutting on a scale of a few microns has been
developed and operated. The system incorporates a telescope viewing system that allows control
during the work and a software interface to translate AutoCad files. Some examples of the
performance are given. With this setup we demonstrate the possibility of machining within a few
microns with a Nd:YAG laser. ©1998 American Institute of Physid$S0034-67488)02405-§

I. INTRODUCTION workstation from the side view. The head consists of three

The field of laser materials processing covers processin§a'ts: The middle one is fixed to a frame and the upper and
with a wide variety of lasers. In general, there is a trade-offoWer part are connected by three steel rods. The laser light
between power and beam quality which implies that hightravgls throggh the inside of a Newport X-95 macro bench
power leads to relatively big spotsizes. Since the spotsizQFOf"e and is deflected downward with the laser mirror. The
also scales with the wavelength, a smaller focus can b&mall focus diameter is achieved by focusing with a large
achieved by a laser with a shorter wavelength. For machindumerical aperture. In order to keep a reasonable working
ing at the scale of a few microns, excimer lasers are used. Iflistance, the beam diameter is first expanded 100 tiftoes
these lasers the small wavelength allows for the machinin§0 mm diameter by a telescope inside the X-95 profile. The
of small structures despite the low beam quality. For solidfocusing is done with a triplet that is specially designed to
state lasers pumping with diode lasers is much more efficiedinimize spherical aberration at these large apertures. The
than traditional flashlamp pumping. Therefore higher averfocus depth is only 0.§&m due to the high numerical aper-
age loading levels are now possible without loss of qualityfure. A differential micrometer with a resolution of Qun is
Other advantages are the stability, reliability and increasettsed for the height displacement. The control of the material
lifetime. With diode pumping and careful thermal manage-processing is done with a fast charge-coupled de{@eD)
ment it is therefore possible to use a Nd:YAG laser for macamera. The design of the control optics is such that the
terials processing with a precision of a few microns. Theimage remains sharp when the focusing triplet is adjusted.
laser system developed by Nederlands Centrum voor Lasdmhis is achieved by placing a second lens in the upper part
ResearchNCLR) is specified at 1 kHz repetition rate, 10 ns above the deflection mirrawhich is transparent for visible
Q-switched pulse or 16@s free running pulse, 5 mJ/pulse light) so that it always has a fixed distance to the focusing
and a transverse electromagnéii&M),, mode(M?<1.06. triplet. This 1X telescope provides an image at a fixed dis-
The workstation is designed for azn (diffraction limited  tance to the objedhdependenof the placement of the tele-
focus diameter, 0.um accuracy and reproducible position- scope in between.The image is then magnified approxi-
ing, feedback and control during the processing and usemately 165 times(again with a telescopebefore it is
friendly software control. Commercially available systemsrecorded by the CCD camera. The magnification ratio from
such as theAy 50k by Haas LaserSthekLs 246 by Lasag  the surface of the CCD array to the monitor is about 20
and thersy 150 pP2by Rofin Sinaf cannot focus below 20 times, so that the total magnification of the object is approxi-
um, due to multimode operation and focusing with a lowmately 3300 times. This means that an object @it is seen
numerical aperture. They are therefore not suited for microas an image of 3.3 mm on the screen. In order to prevent the
machining with a spotsize below 2ém. A smaller spotsize camera from being blinded by the interacting laser pulse, the
can be achieved by the introduction of an aperture but thisamera is synchronized to the laser system so that the camera
reduces the output power considerably. Our system uses thll only record images in between the interacting laser
full area of the laser beam. The recently announ@ettk-  pulses. To make sure that the workstation is insensitive to
LAZE by New Wave Researtlachieves a resolution ofdm  vibrations, Newport X-95 profile is used to construct the
at the third harmonic of 1064 nm but has a repetition rate oframe for the optical and mechanical part of the system. An-
only 20 Hz. other advantage of this frame is the possibility to run the

laser beam inside the profile for extra safety. Vibrations have
Il. DESIGN been tested and no visible effects were detected. Other ef-

A detailed schematic of the “head” of the workstation is fects such as temperature variation or misalignment have

shown in Fig. 1. Figure 2 shows a schematic of the completbeen modeled. The effect of a temperature increment of
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FIG. 1. Schematic of the “head” of the workstation with the focusing
triplet, deflection mirror, height adjustment and control telescope.

10 °C of the workstation results in a shift of the position of
the focus of approximately 1@m. However, the diameter of
the focus remains at gZm.

Ill. SOFTWARE

The XY table is equipped with a controller that can
handle a variety of commands to form so-called trajectoriesEAGégb ExamlplesBof ltgg posrs]iblilitiefs forzrgicm-mz_cfli_nin% 'Wti1th lf\lldi\thG:
To facilitate the usage of the workstation, a sqftware mter-g c;- ) é‘c;"#rr‘:] esrlit(s i)n a tﬁa?chopgfte(r)rr(g)- (F?‘l’g(;i rf's‘a’:]ar'gs f’;"r Zcz(gb
face was developed to handle the communication between g, r.giation high reflector.
PC and the XY controller. The software interface was devel-
oped by Industrie Laser ToepassingefiLT). It contains
modules that take an AutoCad dxf file as input and calculate
the tool path, piercing points and the tool correction. Thelator with a Q-switch and a zigzag-geometry miniature slab.
tool correction is performed automatically, i.e., the systemThe whole laser takes about 285x10 cn?. It is pumped
distinguishes between outer and inner tool paths. The user igith quasi-continuous diodes. The maximum repetition rate
not troubled with the choice of direction of the tool correc- is 1 kHz. Even at these high repetition rates kh&factor for
tion. A postprocessor module adds the International Stanthe beam quality remains below 1.1. Further information on
dards OrganizatiolSO) codes to the calculated curves, to- this oscillator can be found in Ref. 6.
gether with machine specific codes, such as laser parameters,
etc. The modular design of the software certifies the possi-
bility to control different kinds of computer numerical con-
trolled (CNC) machines. Further work is done to prepare the
software forwINDOws-95 For commercial applications the V. RESULTS

laser can be integrated into the workstation. . _
Examples of small scale material processing are shown

in Fig. 3. These examples show structures cut in 20
IV. LASER aluminum foil. B are holes of 10@m diameter which con-
stitute a high reflector for 20@m radiation. E and F show a
The laser is a diode pumped Nd:YAG laser that is cur-similar device in squareg@lso 100um wide). C and D are
rently under development at NCLR. It is a stable ring oscil-60 um slits in a thatch pattern. The spotsize in the examples
is about 5um. All examples were cut without the use of
shielding gas. The gas flow was found to disturb the foil
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