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Summary 

The department Mechatronics at Philips CFT is involved in the development of wafer steppers for 
ASM Lithography (ASML ). A prototype of the first machine of a new generation of wafer steppers, 
which has to be on the market in the year 1999, is developed at Philips CFT in co-operation with 
ASML. 

A wafer stepper exists of a number of modules, namely the wafer stage, the reticle stage, the lens 
and the illumination unit. The wafer stage positions the wafer beneath the lens. The reticle stage is 
mounted between the lens and the illumination unit and positions the reticle. A part of the prototype 
being developed at Philips CFT is the short stroke actuator for the reticle stage. This actuator is 
based on the Lorentz principle and is used for extreme accurate positioning in three degrees of 
freedom. The development tagether with the theoretica! background of the short stroke actuator are 
described in this report. 

Chapter 1 gives an introduetion with the background information about the operation of wafer 
steppers (of ASML) and a briefdescription of the graduation project. 

The actuator which has to be designed must satisfy requirements which are based on specifications 
given by ASML and the mechanica! layout of the reticle stage. In a first design phase, the actuator is 
optimised with respect to the available space for the actuator. A figure of merit is introduced to 
campare different designs. The optimisation has been done using numerical simulation tools and 
analytica! calculations. This design phase is described in chapter 2. 

The actuator designed in the first design phase had insufticient dynamica! performance, looking to 
the mechanical behaviour. Therefore the layout of the actuator is changed during a second design 
phase. The new design is optimised like the first, but with the dynamica! behaviour as an extra 
boundary condition. The actuator also has effects which are not wanted but occur due to mechanica! 
tolerances. These include for example disturbance farces and damping which need to be quantified 
and minimised. The second design phase is described in chapter 3. 

To verify the design of the actuator, experiments are carried out. These show that the simulation 
rnadeis give a good prediction of the performance of the actuator. On the other hand, not all of the 
unwanted effects are checked by experiments. Therefore, additional experimental configurations 
need to be build to further investigate the actuator. The results obtained by the experiments are 
described in chapter 4. 

Conclusions based on the graduation project as well as points of attention for the final design (given 
by the recommendations) are described in chapter 5. 
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Preface 

This report has been written during my final phase of the study Electrical Engineering at the 
Eindhoven University ofTechnology. My graduation project was carried out at Philips CFT within 
the Drive Systems group of the department of Mechatronics and concemed the design of a linear 
Lorentz actuator for extreme accurate positioning in three degrees of freedom. The whole graduation 
project has been done under the supervision ofthe department MBS, section EMV, ofthe Eindhoven 
University ofTechnology. 

During the 8 months I worked on my graduation project at Philips CFT, I leamed alotabout the way 
electra mechanics is carried out in practice and I improved my skilis conceming electro-mechanics. I 
also leamed a lot about working tagether in a team of experts to achieve certain goals. This gives my 
graduation project an extra dimension. 

First of all I would like to thank Philips CFT for giving me the opportunity to carry out my 
graduation project within the ATLAS project. I realise that this is an unique situation and I am very 
glad I got this opportunity. I would also like to thank my Philips colleagues in the department of 
Mechatronics for their help, especially Kees van Tiel for making the prototype and changing the 
measurement set-up, without this I would not have been able to carry out my experiments. 

Finally I would Iike to thank my supervisor at the Eindhoven University of Technology, Prof.dr.ir. 
E.M.H. Kamerbeek, who always had constructive criticism on this report and work and was always 
willing to spend time. And I also want to thank my company supervisors Ton Peijnenburg and John 
Campter for their help, support and enthusiasm during my graduation project. 

Angelo de Klerk 

Eindhoven,august 1997 
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List of symbols 

(0 angular frequency [rads"1] 

<I> magnetic flux [Wb] 

Pcu capper specific resistance [nm] 

<I> a magnetic flux in airgap [Wb] 

J.lo permeahility of vacuum [Hm"1
] 

J.lo relative permeahility [-] 
a acceleration [ms·2] 

a..v average acceleration [ms·2] 

B magnetic flux density [T] 
he coil widtb [mm] 
Bm magnetic flux density in magnet [T] 
ho coil core widtb [mm] 
d capper diameter [mm] 
E sum of magnetic energy present in magnetic field [J] 
Eind induced voltage in coil [V] 
F force [N] 
f frequency [Hz] 

fcu capper filling factor [-] 
FED electrodynamic disturhance force [N] 
FREL reluctance force [N] 
Fx force in X-direction [N] 
Fy force in Y -direction [N] 
fv,max maximum force in Y -direction [N] 
Fz force in Z-direction [N] 
b total actuator beigbt [mm] 

he coil beigbt [mm] 

HeB coercivity permanent magnet [Am"1
] 

HFe magnetic field strength in iron [Am-1] 

bg pbysical air gap [mm] 

hm magnet beight [mm] 

Hm magnetic field strengtb in permanent magnet [Am-1] 

by iron beight [mm] 
I. current in amplifier due to disturhance voltage [A] 

I x X-coil current [A] 
ly Y -coil current [A] 
J current density [A/mm2

] 

h jerk [ms·3] 

K motor constant [NA-t] 

Ko motor constant for one turn [NA-t] 

KFcAL calculated correction factor [-] 
Ie coillengtb [mm] 

lo lengtb of strait parts of coil [mm] 

Lo self inductance if coil bas turn [H] 
ly effective iron lengtbt [mm] 
m mass [kg] 

Mo mutual inductance if coil bas one turn [H] 
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