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Table 1. The new generation of mirrors installed in the beam lines at HASYLAB

1980- 1982. T3 and U2 have been manufactured by Jobin- Yvon,
France, and Halle, FRG, respectively; all others by C.Zeiss, FRG. R,
and Ry denote the tangential and sagittal radii, respectively. (Ref. 6)

Beam line Type Substrate material Reflecting Grazing Rg Ry Rms roughness
mirror coating surface angle [deg] [mm] [mm] [A] <
(mm X mm)
Cl1/HI plane Cu/Kanigen 330 x 65 7.5 oo o0 10
C4/H plane Cu/Kanigen 330X 65 7.5 o0 oo 10
C2/Fl plane Cu/Kanigen 440 x 20 4 o0 0 10
C2/F2 plane Zerodur 160 x 40 4.25 o0 ) 10
D3/RI1 cylindric Cu/Kanigen 195 x 40 I.5 386.14 0 20
D3/R2 plane-elliptic Al/Kanigen 196 x .12.2 2 o0 ~ 33705.8 15
D4,/TO plane Cu/Kanigen 416 x 132.5 4 oo ) & 10
D4/TI1 toroidal with elliptical Al/Kanigen 293 x 138 6 ~ 3349 ~ 48715:6 20
mantle-line
D4,/T2 convex cylindric B270-glass/Au 172 x 18 5 48.4 o0 20
D4,/T3 toroidal Duran 50NSK /Pt 250 X 26 5 203.4 26772 nm
El/Ml1 plane Cu/Kanigen 440 x 20 4 o0 ) 10
E4/El 4 identical Cu/Kanigen/Au 3125 x 80 0.4 129.5 2642878.7 15
toroidal mirrors
F2/581 cylindric Cu/Kanigen 277 x 96 10 1691.2 o0 15
F2/S2 plane-elliptic Al/Kanigen 301 %118 12.5 00 ~ 11480.2 15
F2/83 toroidal Al/Kanigen 160x 5 12.5 616.2 27721 20
Gl/G1 plane Cu/Kanigen 330X 65 2 [ 0 10
I/LI1 cylindric Cu/Kanigen* 150 x 233 175 1682.3 -] 15
1/L2 plane-elliptic Al/Kanigen 112x 17 17.5 0 ~3183.0 15
I/L3 ellipsoidal Al/Kanigen 150 x 20 12 ~ 62.37 ~ 14429 15
H/U1 plane Cu/Kanigen 100 x 200 52.5 o0 o0 10
H/U2 spherical Glass/Al-MgF, 200 @ 82.5 4500 4500 nm
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Table 2. Radiation damage tests(Ref. 9)

Material Average  Energy  Maximum Exposure Observations

current SRS thermocouple  time
[mA] [GeV] temperature [h]
[*C]

Siy Ny 150 2 247 12 No apparent physical damage
Toshiba Ceramics except for slight brown mark
Co. Japan (7] (carbon?) on X-ray axis

SiC (CVD) on graphite 150 2 313 . 8 No visible damage
Toshiba Ceramics
Co. Japan

wC 170 2 536 10 No visible damage
Toshiba Ceramics
Co. Japan

Fused Silica 228 1.8 90 2 Brown mark on X-ray axis at

1.8 GeV (carbon)
2 150 18 At 2 GeV: na brown deposits
(carbon desorbed), surface melting

SiC, hot pressed 100 1.8 175 3 No visible damage
British Nuclear Fuels [5]

Zerodur 90 1.8 122 9 Surface destroyed and colour

centres local to X-ray axis

SiC, hot pressed 100 2 213 2 No visible damage
British Nuclear Fuels

SiC, refel 100 2 235 4 No visible damage
British Nuclear Fuels

SiC on refel 100 2 214 4 No visible damage, Green
British Nuclear Fuels fluorescence on X-ray axis

Aluminium 100 2 213 2 No visible damage
machined surface

Molybdenum 80 2 400 16.5 No visible damage

Copper OFHC 100 2 470 11 Ripples present over entire surface

Invar 110 2 300 11 No visible damage

Borosilicate glass 120 2 - 1 min Broke up into several pieces,

surface melting, colour centres
throughout sample

SiC, CVD on refel 200 1.8 371 48 No visible damage, did not
Astron Ltd, UK, (8] fluoresce on X-ray axis
(unlike CVD sample from BNF)
Float glass 119 18 - 1 min Broke up into several pieces
Surface damage/melting on X-ray axis
Sapphire 150 18 - 3 Broke into several pieces,
no surface melting
Pyrex 200 18 - 27 Broke into several pieces

surface melting on X-ray axis
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Power density at the sample position {(28m from
the W2 source) as a function of the distance to
the orbit plane for a beam current of 25 mA and
behind several filters (in total 0.4mm C and 3mm
Be). The bars indicated with Ap mark the
standard aperture used with a height of 5mm.
(Ref.12)
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Fig.2. Side view of the configuration used for this
investigation (not drawn to sale) with angle of
grazing incidence ¢ . ¢ was chosen as 90° , 62
° and 35° , respectively.

M =mirror

MI=Michelson interferometer

IR =infrared camera

H =mirror holder with water channel
Sr =incident synchrotron radiation.
(Ref.12)
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Fig.3. Schematic thermal deformation of a mirror
sueface. Meanings of symbols are same as those
in Tasble 3.

REBEIEER LI

(4) EHZEBEAET 57 oicami s 7 —
M50 umBEIIcHA=Era—raEn
TWb, A/ ST —DKEBFEERICH N
fonNtey 4 T — DR ADEEI HI/NE N
CEERAMTHRT A Ltk =¥
VETRINENG, @EARME a2 — M



18

Hatxk B4EFE1S (1914
Table. 3. Some experimental results for mirrors. ¢ is the grazing angle and Ap
x W the aperture for the beam. P; and P”s denote the total power and
power density at the surface, respectively. A Hand A a stand for the
height of the deformation and the maximum slope error extracted from
the fringe pattern. A a was evaluated applying different models to the
shape of the curved interference fringes. The different results were
averaged. The error for A a is estimated to be approximately 50 %. T
is the average temperature in the illuminated area of the mirror and A
T the maximum temperature increase across the surface(not
necessarily derived for thermal equlibrium conditions). If the sample
holder was water- cooled and liquid metal provided a good thermal
contact to the mirror, this configuration is indicated by “y" in the last
column. Cases with no water flow and/or no liquid metal contact are
denoted by "n".
(*Temperature' gradient could not be evaluated).(Ref.12)
é Apx W Py P AH Aa AT T
Sample (] (mm?) (W) (W/mm?) (um) (arcs) 5 ("C) Cool.
SiC A %0 10.4%22.4 141 1.76 <008 <2 12 57 y
35 10.4%22.4 137 0.99 <008 <2 8.5 41.5 ¥
10.4x22.4 118 1.47 <008 <2 12 134 o
SiCB 35 10 %20 15 0.93 <008 <2 7.7 48.7 y
35 5 x10 64 114 <008 <2 6.5 3 v
AlMg, 35 5 %229 179 1.38 11 16 . . "
35 5 %229 109 0.84 08 16 . . n
AlMg,/Kan. 35 5 %229 162 1.26 1.6 20 13 45 y
35 5 %229 118 051 13 19 1 67 n
35 5 x5 3 1.3 08 B 9 64 n
Cu 62 10 x20 121 1.49 06 8 . 38 ¥
35 10 %20 152 1.22 0.6 10 . 51 ¥
35 10 x20 162 131 05 9 . 61 n
Cu/Kan. 35 10 %20 98 0.78 0.3 7 2 33 y
35 10 %20 168 1.35 0.5 8 6 116 n
62 10 %20 157 1.95 08 10 6 40 y
62 10 %20 175 2.16 08 13 14 131 n
62 5 %20 122 1.67 0.7 12 9 114 n
Mo 35 6 %20 150 1.26 0.5 9 . 38° y
35 10 %20 37 0.30 02 3 . 29* y
35 2 %20 19 0.30 02 3 . . y
35 6 x5 35 118 0.2 5 . . y
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Table 4. Figure of Merit for thermal distortion for several
materials near room temperature. (Ref. 13)

Material KW/emK)  «(107%/K)  K/a(10°
W/em)
Diamond, 6.0 1.5 40.0
single crystal
CVD-SiC 2.0 3.0 6.7
w 1.7 4.6 3.7
Super Invar 0.12 0.36 33
Zerodur 0.016 0.05 3.2
Mo 1.14 5.1 Bid
Si 1.0 4.0 2.
Cu 4.0 16.0 25
Ir 1.6 6.7 2.4
Ag 43 19.5 2.2
Au 3.1 14.5 2.1
Os 0.86 4.8 1.8
Be 2.1 12.7 1.7
Cr 0.9 7.0 1.3
Al 2.4 24.0 1.0
a-Si0, 0.014 0.55 0.25
Tlno. 1173 0.0029 15.0 0.019
BS 37A 42x%x107° 9.3 4.5x107
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Fig.4.

The enlarged cross section photograph showing
the surface of the raw mirror — material. “Clear —
Carbon” SiC, about 50 y m thick, is deposited
onto the graphite substrate. (Ref.15)
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(2) 56 SiC (Recrystallized SiC)
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Fig.5. The enlarged cross section photograph showing
the surface of the raw mirror — material. “CVD”
SiC, about 50 . m thick is deposited onto
graphite substrate.
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(3) BifE SiC (Sintered SiC)
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Fig.6. The enlarged cross section photograph showing
the surface of the raw mirror — material. “CVD”
SiC about 40 u m thick, is deposited onto the
recrystallized SiC substrate. (Ref.15)
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Fig.7. The enlarged cross section photograph showing
the surface of the raw mirror - material. "CVD”
SiC, about 25 1 m thick, is deposited onto the
sintered SiC subst- rate.(Ref.15)
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3-3. TAMIS—OHEEEKFONE
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Fig.8. The enlarged cross section photograph showing
the surface of the raw mirror — material. “CvVD”
SiC, about 40 u m thick, is deposited onto the
reaction bonded SiC substrare. (Ref.15)
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Table 5. Properties of possible mirror materials(Ref. 15)
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Graphite Recrystallized Sintered Reaction bonded
B-SiC (high purity) Sic SiC SiC
Bulk density, g/cm® 322 1.8 2.5~2.7 3.0~3.15 3.0~3.1
Sublimation point, "C 2830 (35 atm) 3700 (100 atm) ~2B00 (30 atm) ~2800 (30 atm) ~ 1400 (1 atm)
(Melting point of Si)
Porosity, % 0 ~20 1520 <2 <l
Thermal expansion 4.4 2.5-5.0 4.4 4.4 43
coefficient, 10~* K" (adjustable)
Thermal conductivity, 1.7-2.0 0.8-2.0 1.6 1.5 1.7-2.0
W/em K
Working temperature 2500 ~3000 2500 ~2500 ~ 1400
in inert gas, *C
Thermal shock resistance, *C 400 > 1000 500 350 400
Table 6. List of test mirrors. (Ref. 15)
Thickness of RMS
No. Substrate Conting coating (um) roughness (A)
| High-purity graphite clear carbon 750 34
2 High-purity graphite CVYD 420 2.5
3 Recrystallized SiC clear carbon 800 37
4 Recrystallized SiC CYD 720 3.0
5 Sintered SiC clear carbon 800 5.1
6 Sintered SiC CVYD 350 29
l R —— VSIC" 3 5 —OKRX BRI B B E
= T 11 i
L 1 T W& EHOTRFRO AR KT
" SiC k i 5
oFy s 15 BEEND 7 LRAVORAROTHT LR TS
Tl . e . ’
@ik 7 162 Bo LAROERRU S 5 —Fb ORI Hki
N + ]

T l]‘llllj
'l'_ o
L1 goaral

1

T T ’\\ Hi6°
C a ® ]
C <=6 ;

"~ Silys o i 4.
10-:l 3 10
i i1 1 1 1 Lo aal

100 200 400 600 1000

ENERGY (eV)

Fig.9. Optical constants as a function of the photon
energy for “Clear Carbon” SiC:@ ;5 =1—n, A k.
O and+show & and k obtained by Rife and
Osantowski.
The energy positions of the onset of the carbon K
and the silicon L;; excitation are indicated. (Ref.16)
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Table 7. Silicon carbide mirrors at the Photon Factory. (Ref. 15)
_ Mirror material ‘ (mm) :

Branchline* Source coating  substrate Type I Xwxt Monochromator
BL-2B, 60 period clear carbon + graphite Plane 120 60 15 Fresnel zone microscope,
BL-2B, -undulater clear carbon + graphite Plane 120X 60X 15 10-m grazing incidence,
BL-11A bend. mag. clear carbon + graphite Spherical 400 170X 40 Grasshopper Mark VII,
BL-11C clear carbon -+ graphite Plane 250 100X 40 1-m Seya-Namioka,
BL-11D clear carbon + graphite Toroidal 400:< 6040 2-m grazing incidence

constant deviation,
BL-12A bend. mag. clear carbon + graphite Cylindrical 250200x 40 I-m Seya-Namioka,
BL-12B clear carbon + graphite Plane 280> 100x 40 6.65-m normal incidence
off-plane eagle mounting,
BL-12C clear carbon + graphite Toroidal 400 100X 40 channel-cut double crystal,
BL-16U 53 pole (I)  CVD + recrystallized SiC Plane grazing incidence,
-wiggler CVD + sintered SiC Plane 500 % 50 40
(11)  CVD + recrystallized SiC Cylindrical
CVD + sintered SiC Cylindrical
* Beamlines affiliated to outer organizations are omitted.
TEHZHHEIBRMERO VUV, SXSRRORIK Ry=250m g
A =7
B -RRELALLTSCY 7 —pWHSAT 40¢cm : s
& 7 icEHEEERRTHOWShTWASIC B |
15 -0F EBERT, IORCHABRNO t i
E—L74 yTHEHIATOR2REEEL TV
W BTOHEATBL -2, BL-11, BL- 12T SURFACE ROUGHNESS (A)
. - " = (MEASURED )
#5 SROMAINEL, ChoDE—-LFA b A B C
e F—F1e A B, BL- RMS 43 6.8 33
DRSS 5 =8B 10 V=T A o Do s L
161Tid 53DV 4 57 —/T ¥V a =5 —H%K
e LTRIEBENTVBOTHNESRER S 2 &
KEDZEITODIFT—RB2O/NV—TILE&Eh POINT ¢
z RMS 3.3 A
° P-v 17.0 Y60
BlLOIN—-TDSICI5—DEMELTIF7 890 fr——r————— —
74 PRBENR TV D ThIRATIOME LR =
WESEETE, BENTLEBENSTS B M
5. CORSRAN LTI 2275774 M B
B2 ) vY—H—HKSiCka— rLARERE: < |
-890

7 —DHEEI0RT,

KPS BEICID oL FLI5—0
A ARPITEAR W00 A 4 T FH DR b Y L4
AHTOTZELER TRV, U LA
75774 MIOTESICBHILENHE, 0

200 400 600 800 1000
1024 POINTS

Fig.10. A torcidal "Clear Carbon” - SiC mirror with a
graphite substrate. The measured radius of
curvature is indicated. RMS roughnesses at

different points are shown with the surface
profile measurement record. (Ref.15)
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Ry = 2053 m

J 50 cm j Rp= o
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Fig.11. A cylindrical "CVD” — SiC mirror with a
recrysiallized SiC substrate. The measured
radius of curvature is indicated. RMS
roughesses at different points are shown with
the surface profile measurement record.
(Ref.15)
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Fig.12. Photograph of the high — power mirror after
exposure to undulator radiation. A CVD — SiC
mirror with a sintered SiC substrate.
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