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Mirror suspension

Mechanical support : Enough strength

Heat path for cooling : Large thermal conductivity at
cryogenic temperatures.

Low mechanical loss : Suppress thermal noise

Sapphire suspension :as a solution

T.Uchiyama et al., PLA242(1998)211

T.Uchiyama et al., PLA273(1998)310



Thermal condctivity of Sapphire

T. Tomaru
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U-shape support and minimum bending radius of
fiber

~400




Why bonding ?

Curvature radius of R=125mm is unavailable by elastic
bending for ¢$1.8mm sapphire rod without breaking.

.

Prepare U-shaped rod

|

Laser

v

cutting

\

Straight rod

|

|

Crystal growth

Plastic deformation

Connect the mirror
and the rod by auxiliary
structure

Parts assembling

I

Sapphire bonding




Sapphire : single crystal of a alumina

Crystal

Mirror

Thermal expansion

, %

Thermal linear expansion

Temperature , K Touloukian , TPPM

Hexagonal (Rhombohedral)

Unit cell : a=0.4755nm, ¢c=1.2991nm
Density 3.98x103 kg/m3

Melting point 2313 K

Tensile strength 280~410 Mpa

(Young’'s modulus 345 GPa)
(Poisson’s ratio 0.29)

CSI



Candidate of bonding direction A-A

a-axis M=30 kg

Mirror

Shear strength A-A

Diffusion, AFB

Hydroxy-catalysis, silicate
JPCS32(2006)309_314



Candidate of bonding direction M-M

a-axis M=30 kg

Mirror

Shear strength M-M &8I %E



Known methods of bonding

Precise Interposition | Temperature | Sapphire- Thermal Mechanical
polish material treatment Sapphire conductance | loss
AFB, Necessary none 1300~1400 Almost same | ~ 4 Not yet
Diffusion °C as bulk W/K/mm? measured
~ 28 MPa
Direct(1), Necessary None 300 K - - -
SAB1 (Ar* beam)
(~ 2000)
Direct(1), Necessary Fe, etc 300 K Not yet Not yet Not yet
SAB2 (Ar* beam) measured measured measured
(2011)
Hyroxy- Necessary KOH, 300 K ~7 MPa ~0.3 Not yet
catalysis, Na,SiO,, W/K/mm? measured
silicate H,O
Metalize, (Not Active metal | <1000 °C? Not yet Not yet Not yet
soldering required) measured measured measured
Adhesive Not required | Al,O,, ~ 500 °C ~20 MPa Not yet Not yet
AIPO,, H.,O measured measured

AFB: Adhesion Free Bonding
SAB: Furface activation Bonding




Example of diffusion bonded rod.
Boundary is at the centre.

Bonding

Diffusion bonding, AFB: Optical contact + Heat
treatment. T=1300°C~1400°C. Strength of bonding is
almost sama as that of the bulk. (Onyx Optics.
Japan Cell)

Direct bonding(1), ASB: Clean the surface by Ar ion
beam in ultra high vacuum and press to contact.
Sapphire-sapphire bonding was difficult. Recently
the bonding was done by a nano-scale interpolation
layer of metal.

Direct Bonding(2):After making hydrophilic layer on
the surface, contact surface dehydrate by heat
treatment. (Appl.Opt. 37(1998)2407)

Hydroxy-catalysis bonding, Silicate bonding: Put
small amount of KOH or Na,SiO; solution. Contact
and mature at room temperature. (Phy. Lett. A246
(1998) 471) Strength and thermal resistance are
worse than solid bond.(Int. J. Mod. Phys. A20
(2005) 7060)

Need precise polishing
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Bonding test

Bonding test Diffusion bonded samples

Zygo New View
Shape(top) Roughness(top)

FUJINON

Shape(bottom) Roughness(bottom)



Sapphire samples

o

H,PO, bonding KOH bonding

Sapphire block:5x5x10 (mm3) 5x5 A-plane, polished by CeO, roughness~20nm



Si sample

)

KOH bonding H,PO, bonding

Si block : 5%5x10 (mm?3)



Direct bonding (2) , chemical + heat

A. Sugiyama et al., Direct bonding of Ti:sapphire laser crystals,
Appl. Opt. 37(1998) 2047

g

Heat/4 %C,e
Al,O, hydrophilic A

surface

T=1100°C

Al,O, bulk

T=1100°C —> A =13 um

Same strength to bulk

Precise polishing, making hydrophilic layer, - -
Optical homogeniety

Dehyrdoation by heat treatment



Shape controlled crystal growth
Edge-defined Film-fed Growth

J- Crystal Growth 198/199(1999) 201

Forming a shape by
crystal growth.

Plate (Kyocera). Rod
(Photoran)

Roughness~0.5mm
remains for as grown
surface.

It 1s not certain that U-
shape suspension with ¢

1.8mm and L=300 mm.



Plastic deformation

« Heating by CO, LASER
« Thin (<¢$0.8mm) rod can be deformed
using 80W class CO, laser.

* More powerful laser is necessary for
bending ¢$1.8mm rod.

* |t is difficult to control thermal stress for
using kW-class laser. Also it is hard to
stop local melting.

Appl. Opt. 39(2000)404



Cutting

Laser cutting causes chipping.
(Laser cutting works well for
alumina ceramics.)

Mechanical cutting (wire+
diamond powder) seem to be
a promising. Shown is a result
of mechanical cut from the
plate of 2mm thick.
Width=2mm, R=50mm.

Cross sectional area: square,
surface : no polish.



Shear strength measurement



D

Shear strength measurement

LD

Sapphire block
5mm x 5mm x 10mm

5mm x 5mm -> Bond

Torque meter peak hold

T=300K , T=4.2K



Shear strength of glued sapphire at 300K and 4.2K

Shear
Strength

[MPa]

T=300K 8.80
7.63

T=4.2K 38.3
22.2
221
20.2




Issues

Selection of boding method
Polishing technique on M-plane
Confirm bonding strength / thermal stress cycle

Measure parameters for designing

Quality control
Avalilability of material
Altenative method

Find a consistent process to construct mirror-suspension system

Design whole suspension system
Heat treatment
Polishing mirror

Coating
Assembling / keeping cleanliness

Installation
Adjustment



Schedule
2011fy | 2012fy | 2013fy | 2014fy | 2015fy | 2016fy

transporteinstall

Real scale model

Test model
fabricatign
<desigﬁ< > < > < > < g< > < >
fabrication experimentScale up from Install test Cooling test
test model ( with modification )
Cryostat x4, duct shield x1
< . > - »>
Construction Install and verification of cryogenic systems

Need a small scale test facility for cryogenic suspension
Shorter turning period for test model experiment

B

Cryogenics -> small scale facility
Real scale model

Cryogenics + SAS -> Kamioka
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Friction Coefficient of Sapphire Surface



Surface=A , Direction=C, M



Surface=C , Direction=A , M



Surface=M , Direction=C , A



Braginsky, Systems with small dissipation



