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1 Mirror heating in EUV lithography

In EUV lithography, light with a wavelength of 13.5 [nm]
is used. EUV light is primarily being absorbed by: (1) the
illuminator (2) the reticle and (3) the so-called projection
optics box (POB). Coupled to the roadmap for EUV lithog-
raphy, the EUV source power will increase in order to enable
higher wafer throughputs. The POB consists of six mirrors,
by which the light is reflected and focused. The mirrors are
heated by the absorption of the EUV light during normal use
of the scanner, leading to thermally induced deformations.

The criterion which is often used for the maximum al-
lowable rms wavefront error (rms-WFE) in lithography is
λ/20 = 0.675 [nm] [1]. In order to meet this requirement
for the heated POB we adopt a wavefront correction strategy
that mitigates the thermally induced wavefront aberrations.

2 Multiphysics mirror heating model

We simulate the decrease in imaging performance with a
fully coupled opto-thermo-mechanical model of the POB.
The heat load on each mirror is dominated by diffraction of
the structures on the mask and by the illumination settings.
Using diffraction physics and geometrical optics the heat
load on each mirror is determined. The thermo-mechanical
behavior of the mirrors is modeled using FEM. The resulting
optical aberrations are determined by means of ray tracing.

3 Wavefront correction

To reduce the optical aberrations caused by mirror heating
we employ adaptive optics for EUV lithography. Adaptive
optics is a well-established technology that is being used in:
astronomy, vision science and microscopy to reduce the im-
pact of optical aberrations. The three main components of
any adaptive optics system are: a wavefront sensor to mea-
sure distortion, a deformable mirror to compensate for the
distortion and a control system to calculate the required cor-
rection to apply to the deformable mirror.

We make use of a so-called woofer-tweeter configuration.
The low frequency distortions are corrected by alignment of
the mirrors, reticle and wafer using their individual 6 DOF

(woofer). A piezoelectric deformable mirror is included into
the optical path to correct for the high frequency distortions
(tweeter).

4 Results

We have used the 6-mirror POB of [2], the closed-loop sim-
ulation results for a Y-dipole illumination profile are shown
in Figure 1. The rms-WFE of the cold system (a) refers to
the intrinsic aberrations of the POB. The hot system (b) has
a 5 times larger rms-WFE. Figures (c) and (d) show the rms-
WFE after the woofer, respectively the woofer+tweeter have
been enabled.
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(a) Cold
rms-WFE = 0.28 [nm]
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(b) Hot
rms-WFE = 1.51 [nm]
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(c) Woofer
rms-WFE = 0.74 [nm]
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(d) Woofer+Tweeter
rms-WFE = 0.51 [nm]
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Figure 1: WFE for one field point in [nm]
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