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� Dimensional & thermal stability 

� Wrung gauge blocks

� Soldered, Bonded connections, Fraunhofer IOF

� Screwed connections

� Adhesive connections:  spacers

Overview

IND13 – T3D

Thermal Design and time-dependent Dimensional Drift behaviour of 

sensors, materials and structures

Time and temperature dependence of materials & joints 
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Dimensional stability of 
a connection

longitudinal

lateral

off-face 
tilting

in-face 
tilting

direction of 
investigation 
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Thermal stability of steel gauge blocks

wrung GB2, wrung GB1, platen

2x2 
gauge blocks 
á 12.5 mm

heat treatment
10…40°C

CTE1 (20°C): 11.478�10-6/K

CTE2 (20°C): 11.152�10-6/K

all measurements
@ ≈20°C

average drift rate

d/10 8−−≈ll /&

2π

0
2
λ

phase image
λ/2 = 266 nm

2x
thermocouples
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Thermal stability of steel gauge blocks

thermally induced dimensional drift 

after breaking apart

5 + 15 mm GBs
connected by 
152 nm resin layer @150°C in furnace 

dilute solution of 
synthetic resin

CTE: 11.84•10-6/K

drift rate

d/105.1 8−⋅−≈

d/100.1 8−⋅−≈

d/105.0 8−⋅−≈

ll /&connected
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Fraunhofer IOF Silicatic Bonding

ROI 1 ROI 2

A-PTB_3AA-PTB_2A

|| fused silica - cylinders

interference mask: 
edge detection

A-PTB_2A

10 mm

25 mm
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A-PTB_2A A-PTB_3A

nm 3−≈∆l

CTE:  4.7�10-7 /K

"1.0 <∆α

10…40°C

Fraunhofer IOF Silicatic Bonding || fused silica - cylinders
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Fraunhofer IOF Au/Sn thin-film soldering || fused silica - cylinders

phase images, λ/2 = 266 nm

ROI 1 ROI 2

C-PTB_5C-PTB_3C-PTB_2

interference mask: 
edge detection

C-PTB_5

10 mm

25 mm
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C-PTB_2 C-PTB_3 C-PTB_5

nm 3 <∆l

CTE:  5.6�10-7 /K

"2.0 <∆α

10…40°C

Fraunhofer IOF Au/Sn thin-film soldering || fused silica - cylinders
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Fraunhofer IOF Sn/Ag/Cu Solderjet Bumping

ROI 1 ROI 2

E-PTB_05

interference mask: 
edge detection

E-PTB_09

|| fused silica - cylinders
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E-PTB_09

nm 10 ≈∆l

E-PTB_05

CTE:  1.49�10-6 /K

10…40°C

"6.0 ≈∆α

"2.0 <∆α

Fraunhofer IOF Sn/Ag/Cu Solderjet Bumping || fused silica - cylinders
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Fraunhofer IOF Thermal Expansion

CTE(20°C):  0.47�10-6 /K

Silicatic Bonding

CTE(20°C):  1.47�10-6 /K

SnAgCu Solderjet Bumping

|| fused silica - cylinders

CTE(20°C):  0.56�10-6 /K

AuSn Thin-Film Soldering



Seite 135.44, Hagen Lorenz Dimensional & thermal stability of joining techniques

Screwed connection  ( || to ends) 

phase topography, λ/2 = 266 nm (2π jumps eliminated)

platen

screwed

M 3
screws
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Screwed connection  ( || to ends) 

heat treatment
10…30°Cinterference mask with ROIs:

platen, screwed GB, platen

ROI
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Screwed connection  ( ⊥ to ends)

12 '' yy −=α

test of 
rigid-body 
rotation

interference mask with ROIs:
platen, screwed GB, wrung GB, platen

ROI

v

y
y

∂
∂=→ '  

big ROI
platen

heat treatment
10…30°Cscrewed

wrung GB

phase topography, λ/2 = 266 nm

M 3
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Adhesive connection  || silicon gauge blocks

gauge blocks: 2 x (15 mm + 47.1 µm)
= 30 094 200 ±1000 nm

joint length:    30 094 110 nm

before furnace 150°C

in interferometer

2 gauge blocks á 15 mm
+

dilute solution of synthetic resin
resin layer melting @ 150°C

d < 1 µm
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Adhesive connection  || silicon gauge blocks

wrung GB, glued GB, platen

2 gauge blocks á 15 mm
+

synthetic resin layer 
d < 1 µm

phase image, λ/2 = 266 nm

30°C

20°C

20°C
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very thin bonding layer1

2 bonding in interferometer

Techniques to produce connections with 
very parallel end faces

gauge blocks
to be bonded

control of 
parallelism

Ultra Precision 
Interferometer

adhesive
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Adhesive connection ( ⊥ to ends)

1 200 400 673

1

200

400

649

1 200 400 673
1

200

400

649

x

y

glued GB 2

wrung GB 1

big ROI
platen

epoxy layer d = 58…91 µm

12 '' yy −=α

test of rigid-body rotation

adsorbed layer
removed

50°C

dmin
∆y2

∆α

dmax

v

y
y

∂
∂=→ '  

epoxy

y1
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Adhesive connection ( ⊥ to ends)

epoxy

input: 

epoxy layer ∆T = 30 K

d = 74 µm ∆l : 0.24 %

nm / yu

∆y = +4 nm

∆α = −0.06”

∆y = +1 nm

∆α = −0.2”

calculated deformation too small
→ measured tilting must result from: 

non-parallel glue gap

3D FEM mesh
2nd-order elements
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Adhesive connection with epoxy || steel gauge blocks

ROIs:

platen

glued GB

platen

epoxy layer curing @ 20°C

d = 8.2 µm

± 0.4 µm

heat treatment:
3 days @ 50°C-0.3%

+0.1% ?
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platen

glued GB

epoxy layer with 

10% glass beads

curing

@ 20°C

d = 12.7 µm

± 0.2 µm

glass beads
0 – 20 µm

glass beads
in epoxy

air?

gauge block

gauge block

glass beads

ϕ = 0.1

Adhesive connection with 0...20 µm spacers

curing relaxation 
surpassed by 

humidity absorption

-0.38%

|| steel gauge blocks
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platen

glued GB

epoxy layer with 

10% glass beads

curing

@ 20°C

d = 70.59 µm

± 0.25 µm

glass beads
0 – 70 µm

glass beads
in epoxy

air?

gauge block

gauge block

glass beads

ϕ = 0.1

Adhesive connection with 0...70 µm spacers || steel gauge blocks

vertical tilting 
related to 
swelling?

curing relaxation 
surpassed by 

humidity absorption

"2 ≈∆α

-0.13%
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Demonstrated: connections of gauge blocks applicable for interferometry

Wrung steel gauge blocks

� are slightly sensitive to thermal treatment

Bonded & soldered connections, IOF

� AuSn thin-film soldering, silicatic bonding: almost no change during 200 days

� SnAgCu Solderjet bumps are slightly sensitive to thermal treatment (40°C) 

Screwed connection

� no drift detected during 1 year & stable with respect to thermal treatment

Adhesive connection

� Si single crystal with synthetic resin: slightly sensitive to thermal treatment

� epoxy adhesive not stable & sensitive to thermal treatment + humidity

� non-parallel glue gap → tilting & length change

� spacers can increase glue gap → swelling ?

Summary
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