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3. Light-weighted mirror blanks and space applications
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ZERODUR® characteristics that enable ultrastability for

landmark future European and US space missions

The past decade of ZERODUR® glass-ceramics in space
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Better, Faster, Cheaper: Recent SCHOTT ZERODUR® facilities
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Use of updated material properties in parametric T. Hull, T. Westerhoff, G. Weidmann,

[3-16] 2016 Proc. SPIE Vol. 9904
optimization of spaceborne mirrors R. Kirchhoff
Cost-optimized methods extending the solution space of

[3-15] 2015 lightweight spaceborne monolithic ZERODUR® mirrors to A. Leys, T. B. Hull, T. Westerhoff Proc. SPIE Vol. 9573

larger sizes

Selection considerations between ZERODUR® and silicon
[3-14] 2015 carbide for dimensionally stable spaceborne optical T. Hull, A. Leys, T. Westerhoff Proc. SPIE Vol. 9573

telescopes in low-earth-orbit

Lightweight ZERODUR® mirror blanks: recent advances
[3-13] 2014 supporting faster, cheaper, and better spaceborne optical T. Hull, T. Westerhoff Proc. SPIE. Vol. 9241

telescope assemblies

Extreme lightweight ZERODUR® mirrors (ELZM): supporting
[3-12] 2014 T. Hull, T. Westerhoff Proc. SPIE. Vol. 9143
characteristics for spaceborne applications

ZERODUR?® iso-grid design of a 3m class light weighted R. Jedamzik, A. Leys, V. Seibert,
[3-11] 2014 Proc. SPIE. Vol. 9151
mirror blank for the E-ELT M5 T. Westerhoff

T. Westerhoff, M. Davis, P. Hartmann,
[3-10] 2014 Lightweighted ZERODUR?® for telescopes Proc. SPIE. Vol. 9151
T. Hull, R. Jedamzik
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2013
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2011
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Lightweight ZERODUR®: a cost-effective thermally stable

approach to both large and small spaceborne telescopes

Practical aspects of specification of extreme lightweight

ZERODUR® mirrors for spaceborne missions

Game-changing approaches to affordable advanced
lightweight mirrors Il: new cases analyzed for extreme
ZERODUR® lightweighting and relief from the classical

polishing parameter constraint

Game-changing approaches to affordable advanced
lightweight mirrors: Extreme ZERODUR® lightweighting and

relief from the classical polishing parameter constraint

Design and fabrication of a 3m class light weighted mirror

blank for the E-ELT M5

Lightweight high-performance 1-4 meter class spaceborne
mirrors: emerging technology for demanding spaceborne

requirements

Manufacturing of the ZERODUR® 1.5 m primary mirror for
the solar telescope GREGOR as preparation of light

weighting of blanks up to 4m diameter

Heritage of ZERODUR?® glass ceramic for space applications

Manufacturing of light weighted ZERODUR® components at
SCHOTT

T. Hull, T. Westerhoff

T. Hull, T. Westerhoff, A. Lays, |. Pepi

T. Hull, T. Westerhoff, ]. W. Pepi,
R. Jedamzik, G. |. Gardopee, F. Piché,
A. R. Clarkson, A. Leys, M. Schaefer,

V. Seibert

T. Hull, T. Westerhoff et al.

R. Jedamazik, V. Seibert, A. Thomas,
T. Westerhoff, M. Miiller, M. Cayrel
T. Hull, P. Hartmann, A. R. Clarkson,
J. M. Barentine, R. Jedamzik,

T. Westerhoff

T. Westerhoff, M. Schafer, A. Thomas,

M. Weisenburger, T. Werner, A. Werz

T. Doehring, P. Hartmann,
F.-T. Lentes, R. Jedamzik, M. ]. Davis

T. Doehring, A. Thomas, R. Jedamzik,

H. Kohlmann, P. Hartmann
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2022

2022

2021

2021

2020

2020

2020

2020
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ZERODUR for the ELT: mission completed

Let’s rethink OWL, ZERODUR® as mirror substrate material is

available

Half time on the production of 949 ZERODUR® ELT M1

segment blanks

ZERODUR precision processing with optimized front figure
tolerances at SCHOTT AG

Status of the serial production of 949 ZERODUR® ELT M1

segment blanks

Production of the world’s largest convex ZERODUR mirror

blank for the ELT
ZERODUR® manufacturing capacity: ELT and more

Establishing a substrate manufacturing center for ZERODUR

4-meter diameter lightweight mirrors

Optimizing ZERODUR® mirror substrate fabrication

processes for efficient optical fabrication
ZERODUR® 4-m blank surviving up to 20 g acceleration

Performance of industrial scale production of ZERODUR®
mirrors with diameter of 1.5 m proves readiness for the ELT

M1 segments

Zero-expansion glass ceramic ZERODUR®: recent

developments reveal high potential

Progress on 4 m class ZERODUR® mirror production

ZERODUR® 8m mirror for space telescope

Four decades of ZERODUR® mirror substrates for astronomy

Mirrors for solar telescopes made from ZERODUR® glass

ceramic

T. Werner, R. Jedamzik, T. Westerhoff

T. Westerhoff, R. Jedamzik, J. Krieg, T.
Werner, T. Hull

R. Jedamzik, T. Werner, T. Westerhoff

J. Krieg, R. Jedamzik, T. Hull, T.
Westerhoff

T. Werner, R. Jedamzik, T. Westerhoff

R. Jedamzik, T. Werner, T. Westerhoff

T. Westerhoff, T. Hull, R. Jedamzik

T. Westerhoff, T. Hull, R. Jedamzik

T. Westerhoff, T. Hull, R. Jedamzik
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T. Westerhoff, P. Hartmann, R.
Jedamzik, A. Werz

P. Hartmann, R. Jedamzik, T.

Westerhoff

T. Westerhoff, S. Gruen, R. Jedamzik,

C. Klein, T. Werner, A. Werz

P. Hartmann, T. Westerhoff, R. Reiter,
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Westerhoff, P. Hartmann

T. Doehring, R. Jedamzik, P. Hartmann
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Properties of ZERODUR® mirror blanks for extremely large

telescopes

Status of ZERODUR® mirror blank production at SCHOTT

ZERODUR® mirror blanks for ELTs: technology and

production capacity at SCHOTT

Production of the 4.1-m ZERODUR® mirror blank for the
VISTA Telescope

Forming mandrels for x-ray telescopes made of modified

ZERODUR®
100 years of mirror blanks from SCHOTT

ZERODUR® mandrels for the next generation of x-ray

telescopes

ZERODUR® for large segmented telescopes

Doehring, P. Hartmann, R. Jedamzik,

Thomas, F.-T. Lentes

T. Doehring, P. Hartmann, R. Jedamzik,

T

~
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Thomas

Doehring, P. Hartmann, R. Jedamzik,
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5. Radiation resistance

Resilience of ZERODUR® spaceborne mirrors under realistic A. Carré, T. Hull, B. Delacourt, H. Proc. SPIE Vol. 13699
[5-6] 2025
ionizing environment Evans, ). Krieg, T. Westerhoff (open access)
Resilience of ZERODUR® glass ceramic under ionizing
[5-5] 2022 A. Carré, R. Kirchhoff, J. Krieg, T. Hull Proc. SPIE Vol. 12188
radiations
An empirical approach for space-based mirrors to evaluate
o . A. Carré, M. Valente, T. Hull, J. Krieg, T.
[5-4] 2021 the extent of radiation compaction under expected Proc. SPIE. Vol. 11852
Westerhoff
environmental doses
[5—3] 2021 ZERODUR® Stablllty in space environments A. Carré, T. Hull, ). Krieg Proc. SPIE. Vol. 11852
[5-2] 2018 Impact of ionizing radiations on ZERODUR® A. Carré, T. Westerhoff, T. Hull Proc. SPIE Vol. 10698
. o . . A. Carré, T. Westerhoff, T. Hull, D.
[5-1] 2017 Review of space radiation interaction with ZERODUR® Proc. SPIE Vol. 10401
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6. ZERODUR® review

_ Comprehensive review of the effects of ionizing radiations A. Carré, R. Kirchhoff, T. Hull, J. Krieg, Journal Article Vol. 9, Issue 2
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