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Glass Thermal Forming (GTF) ï

Recent Status
ÅRecently at least 6 groups working on GTF 

for X-ray optics (NASA GSFC, SAO, 

Brera/Merate, Garching, Rigaku Prague, 

ICT Prague)

ÅThe technologies/approaches they use are 

NOT identical

ÅGlass Science important issue
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What can be improved

ÅIncoming glass quality

ÅMandrels

ÅTechnology of glass slumping
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Comparing Glass and Si 

incoming quality
ÅThe incoming quality of borofloat glass is worse

than those of Si wafers (but note that the superiour 

surface quality of Si is due to double sided 

lapping/polishing at the late stages of Si wafer 

production)

ÅDirect 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

ÅDirect comparison possible only by measurement by 

identical device

AXRO 2009



AXRO 2009

Measuring of roughness: Si 
wafer

Interferometer Zygo

dopant B, D = 150 mm, t = 0.625 mm
ON Semiconductor, Czech Republic
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flat thin glass , 100 x 70 x 0.75 mm

Measuring of roughness: Glass
Interferometer Zygo



6ñ Silicon Polished Wafer:  Flatness Evolution (TTV)

The effect of improved grinding/polishing on final quality 

of a Silicon wafer

TTV = 0.76 mm TTV = 1.68 mm

TTV < 2 mm (2005)
process optimization

TTV <1mm (2006)
grinding technology

TTV <0.5 mm (2007)
new polisher 

measured Total Thickness Variation
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Incoming quality ïsurface 

profiles (figure errors) 
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Left Si wafers (standard) 
Right D263 glass



Improving the process of GTF
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ü optimization of the glass material 

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

ü optimization of the GTF process

ü optimization of the GTF temperature and duration

The parameters of the GTF may be improved by:

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)

Expectations (goals)



Incoming glass quality

ÅThe better incoming glass quality can be 

achieved by optimizing glass composition, 

as well as manufacturing process (visit to 

Schott )

ÅAdditional 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

Åhigh chemical durability at low and higher 
temperatures

Åstable in vacuum and during coating

Åmass production: Schott    Desag D263; AF45
Corning 1737

ÅNa2O-K2O-Al 2O3-B2O3-SiO2

Åmicro -roughness of few 0.1 nm
Åamorphous ðeasy thermal forming



Borosilicate Glass

Desag D263

Density (20ÁC) 2.51 g/cm3

Thermal expansion coeff. 7.2Ö10-6 1/K

Youngôs modulus73 kN/mm2



Glass Thermal Forming Study

ÅEffects of soaking time and temperature

ÅInfluence on glass shape and surface micro -roughness



Properties Important for Forming

Åviscosity 
h
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- hinders the glass melt flow

Fyx / A é shear stress

dvy / dx é velocity gradient

- flattens the glass surface

ÅYoungõs modulus E
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F/ A é tensile stress

æL / L 0 é tensile strain

- measure of 
stiffness



Glass
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Tg ~ Annealing point

Elastic

Viscous



AXRO 2009

Various approaches in Glass Thermal 
Forming used by different groups

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

ü expensive production/material are to be avoided

ü the mandrel material/design is important

ü recent CZ design: proprietary technology
(composite)



Forming Surface



Slumping Process

Slab size 80 x 20 x 0.75 mm

X
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Glass Thermal Forming ðone of studied 
approaches at Rigaku Prague 

parabolic profile



Forming Stages

aM<aG aM>aG

Start

M ðmandrel G ðglass



Viscosity Curve
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Heat Treatment Program

ÅCooling rate 2 ÁC/min



GTF Optimization

ÅThe quality of GTF mirrors depends on 

parameters (e.g. duration, temperature) of GTF, 

need of optimization

ÅThe situation is complex as (i) different surface 

parameters require different parameters of GTF, 

and (ii) the optimal parameters depend on size 

and thickness of formed glass sheets

ÅAdditional improvement by precise temperature 

control (T distribution in mandrel/glass sheet) 

during GTF

AXRO 2009



Experiment Design
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Shape Difference

aM ðaG ~ -105ā10-6 ð25ā10-6 mm-1

M ðmandrel G ðglass
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