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Introduction
The imaging quality of lithography scanners degrades due
to expose-light-induced deformations of the recticle, mirrors,
and wafer. To improve performance, modeling and control of
these deformations is needed.
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PTM : plant
KTM : controller

d : disturbance
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Figure 1: Thermomechanical control problem

For many years, position and thermal control have been con-
sidered as two seperate problems, and the coupling between
the mechanical and the thermal domain has only been con-
sidered up to limited extend. This PhD project explicitely
studies this coupling (see Figure 1) with the ambition to
develop an integral approach for modeling and control for
thermomechanical systems.

Governing equations
The equations of linear thermoelasticity are discretized by
the Finite Element Method (FEM). This results in

Mq̈(t) + Kq(t) − L1θ(t) = Fext (t), (1)
CT θ̇(t) + KT θ(t) + T0L>1 q̇(t) = Qext (t), (2)

where q(t) and θ(t) are the vectors of nodal displacements
and temperatures respectively, Fext (t) and Qext (t) are vectors
of the external nodal forces and heat loads respectively, M is
the mass matrix, K is the stiffness matrix, L1 is the thermal
load matrix, CT is the heat capacity matrix, KT is the heat
conduction matrix, T0 is the reference temperature, and >

denotes the transpose. The term L1θ(t) in (1) describes the
coupling from the thermal to the mechanical domain, known
as thermal expansion. The term T0L>1 q̇(t) in (2) describes
the coupling from the mechanical to the thermal domain,
known as thermoelastic damping or internal friction.
The system (1)–(2) is Port-Hamiltonian [1] with Hamiltonian

H =
1
2

q̇>(t)Mq̇(t) +
1
2

q>(t)Kq(t) +
1

2T0
θ>(t)CT θ(t). (3)

The time derivative of H is

dH
dt

= − 1
T0

θ>(t)KT θ(t) + q̇>(t)Fext (t) +
1
T0

θ>(t)Qext (t), (4)

which shows that heat conduction is the only dissipative
mechanism present in the model (1)–(2).

In many applications, the inertia term Mq̈(t) in (1) and the
thermoelastic damping term T0L>1 q̇(t) in (2) can be neglected
(see [2]). This results in the quasi-static equations

Kq(t) − L1θ(t) = Fext (t), (5)
CT θ̇(t) + KT θ(t) = Qext (t). (6)

Case study
As a case study, we consider expose-light-induced wafer
heating. An exemplary wafer clamp structure is shown in Fig-
ure 2. The wafer is connected to the wafer clamp (consisting
of layer 1 and layer 2) by a burl layer. The wafer clamp is con-
nected to the positioning module by another burl layer. On
top of the substrate, the absorbtion of expose-light is mod-
eled by a moving heat load, which follows a characteristic
meandering path. The cooling water in the wafer clamp is
modeled by a fixed temperature boundary condition.
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Figure 2: Wafer clamp structure

A simulation (based on the quasi-static equations (5)–(6))
shows a maximal temperature increase in the order of 10−2

K, which results in deformations of a few nanometers, both
for the in-plane (x and y) and the out-of-plane displacements.

Future plans/outlook
• The required mesh size depends on the velocity of the

moving load. This means that efficient modeling of fast
moving loads is challenging.

• Verify that the quasi-static equations (5)–(6) accurately
approximates the fullly coupled equations (1)–(2) for
the selected case study.

• Design of sensor/actuator layout and controller design.
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