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Glass Thermal Forming (GTF) T

Recent Status

A Recently at least 6 groups working on GTF
for X-ray optics (NASA GSFC, SAOQO,
Brera/Merate, Garching, Rigaku Prague,
ICT Prague)

A The technologies/approaches they use are
NOT identical

A Glass Science important issue
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What can be improved

A Incoming glass quality
A Mandrels
A Technology of glass slumping
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Comparing Glass and S
iIncoming quality

A The incoming quality of borofloat glass is worse
than those of Si wafers (but note that the superiour
surface quality of Siis due to double sided

lapping/polishing at the late stages of Si wafer
production)

A Direct comparison based on manufacturers fact
sheets is difficult. The Si manufacturers use precise

definition parameters but this is not the case of float
glass manufacturers

A Direct comparison possible only by measurement by
Identical device
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Measurig o fouglytess Gléda
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oen Si Il 1 con Poli shed Waf er

The effect of improved grinding/polishing on final quality
of a Silicon wafer

TTV <2 mm (2005) TTV <1mm (2006) |_y TTV <0.5 mm (2007)
process optimization grinding technology new polisher

TTVE TTV =0.76 mm

measured Total Thickness Variation
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Incoming quality T surface
profiles (figure errors)

mmmmm

| Left Si wafers (standard)
. Right D263 glass

mmmmm

AXRO 2009

\D



Improving the process of GTF
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Tihe parametersidficthd [GTEYMay berimprdved by:

U optimization of the glass material

U optimization of the mandrel material/design
(different used!)

U optimization of the GTF process

U optimization of the GTF temperature and duration
Expectdtions (goals)

microroughness of float - glass not degraded
~ 0.3 nm RMS or better

deviation PV <0.02 mm (recently ~
0.5 micron in best case, 100 mm length)

AXRO 2009



Incoming glass gquality

A The better incoming glass quality can be
achieved by optimizing glass compaosition,
as well as manufacturing process (Vvisit to
Schott )

A Additional surface improvements may be
achieved after manufacturing process
(such as double sided lapping used In final
stage of Si wafer manufacturing)
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Borosilicate Glass
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Borosilicate Glass

Desag D263
Density (202C) 2.51 glcm3
Thermal expansion coeft. 7.2Q0¢ 1/K
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Glass Thermal Forming Study

AEffeets ob$osiding tfine and temperdtuee

Aitlesnecnrgiisss shape and surfeeee micro-roughness



Properties Important for Forming
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Varisus cappeeackes nin-Gliss Ehernal
Forming Wsed byl differiend groups

U low- cost design needed (the goal is to produce
very large number of shells at a low cost)

U expensive production/material are to be avoided
U the mandrel material/design is important

U recent CZ design: proprietary technology
(composite) AXRO 2009



Forming Surface




Slumping Process
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Glass Thzrmal-Borming © one ofskiudied
approadies cat Rigaku Prague
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Forming Stages
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Viscosity Curve

\ \ \ Strain Point — Schott D263
. — Schott AF45

Annealing Point — Corning 1737

Softening Point




Heat Treatment Program
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GTF Optimization

A The quality of GTF mirrors depends on
parameters (e.g. duration, temperature) of GTF,
need of optimization

A The situation is complex as (i) different surface
parameters require different parameters of GTF,
and (i) the optimal parameters depend on size
and thickness of formed glass sheets

A Additional improvement by precise temperature
control (T distribution in mandrel/glass sheet)
during GTF
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Experiment Design




Shape Difference
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