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Opto-thermal test of Zerodur Mirroris

Mirror on test
stand

- Thermal shroud
Test instruments \
inside pressure| N
tight enclosure

Alignment
stage
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PTE
PhaseCam East _|74.5
PhaseCam West |80.5
PTE: Inside 72.0
ADM: Top 73.1
Cable FeedThru |72.1
PTE: Purge Il |G4.2
IR Camera 84.5

{Deg F}

Shroud

Top 250.4
Horth 2493
South 247.9

Bottom  [248.3
West Top |250.1
West Bottom | 250 .8
East 249.3
{Kelvin)

Test Measured Data at 250K

— Top
250.4
.JI"
West

Horth

Shroud
Average 2494 K
Rate 0.1 KHHR
Max 2508 K
Min 2479 K

Grad 3.0 K

Return
251.5

- — Supply
et 2541

Schott
Average 2502 K

Rate 0.1 KIHR
Max 2519 K
Min 2497 K
Grad 22 K

o \ 249.9 Va »L\/
g gm%. e MS/ i@( N
‘\35{1.& aNAW, t‘- / Ms%nz /

¢ 2“% 3 zsiu”z

,;f; “5;3-’

25|] 5 '-_, .:/'
North (Front View) South
2506 Sne)
26:5trut R1 .
9503 232%3? L3
#1 53
250.7 250.7
40 16
24:Strut L1 ;4 = tR3
: 21:5t
250.2 550 4
17
25038 250.5 250.5
25:5trut R2 2 zzigt'l”eit L2
250.6 250.7 .

M1i- Top Hole 249.9
M2 - Horth Hole | 251.9
M3 - South Hole | 250.0

M4 - 12:00 250.0

M5 - 10:00 250.6

M§ - 5200 250.0

M7 - 6:00 250.5

M3 - 4:00 250.2

M9 - 2:00 250.3
WM10- Top Edge 250.2
M11 - 8:00 Edge 249.8
M12 - %00 Edge | 249.7
13 - Top Front | 250.2
W14 - %00 Front | 250.0
133 - 8:00 (w6} | 250.0
134 - 3:00 (w11} | 2507
M35 - 8:00 {wl2) | 250.2
36 - 12:00 (w4 | 249 .8
M3T - 00 (wM8) | 250.0
M33 - 5:00 250.2
M39 - T:00 250.3

30 - South Pad 250.5
31 - Bottom Pad 250.6

32 - Horth Pad 250.5

15 - 12:00 Ring 251.4

16 - Delta_3 250.5

17 - Delta_2 250.5

18 - Top Bracket | 250.6
19 - South Bracket| 250.8
20 - Horth Bracket | 250.5

21 - Strut B3 250.4

22 - Strut L2 250.4

23 - Strut L3 250.5

24 - Strut L1 250.2

25 - Strut R2 250.6

26 - Strut R1 250.3

27 - South Mount | 250.7

28 - Bottom Mount| 250.7
29 - Horth Mount | 250.7

40 - Delta_1 250.7

{Kelvin)




Error Sources

e Error due to Thermal Gradients

— Thermal gradients cause mirror to bend

— Caused by non-zero CTE and gradients

e Error due to Mount Effects

— Mirror mount not athermalized, but
very compliant flexures

— Hexapod legs grow and bend mirror
e Error due to CTE inhomogeneity

— CTE gradients + isothermal temperature
change have effect similar to thermal
gradients

e |nstrumentation Error

y [mm]

lllll

11111

[10%K)



e RMS SFE=0.81nm

e Likely sources of error:

— Incorrect material
properties

The test was sub-aperture and
only the area enclosed in the circle

was measured

SLgF‘Lt,: d= Before FiLt, Hftebluns RE Subt
P | P T B |

¥ /RMAX

\

- I -3.336=1077
j —4,222%1073
B -5.118%107%

—6.013%1073

I e T B e o L e S e e e
-1.0 -0.8 -0.6 -0.4 -0.2 0.0 0.2 0.4 0.6 0.8 1.0

Surface=-001
Loadcase=001

Unites=waves

I 2.945%1073
r [ 2.049=1072

- 1.153%1073
i 2.574x107%
_——6.38%10*4
_——1.534%10‘3

- -2, 430=107F

RMAX= 5.362E+02 mm




SigFit: de Before Fit, After any RE Subt Surface-001
L L M

e RMS SFE=1.28nm T =
e Likely sources of error: [
— Different temperature ¢ | Sy
distribution o

— CTE(250K) of this S ] B

*/RMAR

SigFit  21.10.2016, 14:55:17, OISLIN 10.6 Thermal-Gradianta—Rotatad

RMAX= 5.365E+02 mm

Zerodur mirror
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Error due to CTE Inhomogeneity #

CTE (0°C; 50°C) Homogeneity tolerances
up to 18 tons < 0,03 . 10%/K
up to & tons < 0,02 .- 10%/K

Table 2.3 up to 0.3 tons < 0.01 - 105K
CTE homogeneity tolerances

800

600

400

200

y [mm]

[109/K]

-200

-400

600

Figure 2.2 400 dia.1554mm

CTE distribution within a 1_.5 m diameter 800 600 -400 200 O 200 400 £00 800
blank with a measured CTE homogeneity of

0.004 - 10/K




Error due to CTE Inhomogeneity s

e RMS SFE=8.75nm
e Likely sources of error:

— Incorrect “randomly
generated” CTE
inhomogeneity shape

— Incorrect CTE

inhomogeneity P-V -~
(assumed 10ppb/K) , (117,

—600 i i 14 i .
-600 400 200 0 200 400 600




Surface Figure Error Budget

Surface-001 rface-001
Loadcaae=001 aadcase=00
UniLe=uavoe v La=wave
91131072 45w107%
7.521m1072 .o4ax107%
S.930%107% 1.153m1073
. 4,338=107% 2.57ant 0™
£
i 2748107 384107t
155410 15341073
t =107 S43O0m107%
2, 02am1072 3.326%107°
-3, 6214107 =
-5, 21201072 116=10°3
-6, BO4H1072 1.0 601301073

1.0 -0.8 -0.6 -0.4 -0.2 0.0 0.2 0.4 0.6 0.B 1.0

.—].I:l -0.8 -0.6 -0.4 -0.2 0.0 0.2 0.4 0.6 0.8 1.0
XARMAY ) - H/RMAX
RiEX= §, 9656402 mm
on N L P —— Mgfin SLIBUE, LOERAT, DRI 10 K Trarmod e et st s g Py

CTE Inhomogeneity + Bulk Mirror Temperature Mount Stiffness and CTE +
Temperature Change Gradient + CTE Bulk Temperature Change

RMAX= S,985E+02 mm

Total SFE Inhomogeneity SFE Gradient SFE Mount SFE
(nm) (nm) (nm) (nm)
21.45 21.4 1.28 0.81

Disclaimer: some material properties were unknown and
assumed; large uncertainty in epoxy properties.




294 to 250

A Prior Analysis Results

Thermal Gradients*
(1.28 nm RMS)

Inhomogeneity**
(21.4 nm RMS)

*Exact temperature
distribution could not be
known in advance. CTE(T) was
not known in advance
(0.02ppm/K assumed at all

“ temperatures)
“ **CTE Inhomogeneity was not
known a priori. A random CTE
map was generated that had a
10ppb/K peak to valley.

- Méunt Effects o
(0.81 nm RMS)

PV: 194.1 nm
RMS: 9.426 nm i
Astig: 17.67 nm, -1.308E+06 urath, -

Measured SFE (9.4 nm RMS)

inhomogeneity peak to valleys.

Conclusion

Analysis can match measured SFE by
adjusting the assumed CTE inhomogeneity to
a new CTE inhomogeneity that is roughly
5ppb/K peak to valley. This is within the
range of measured Zerodur CTE




Generated Multiple Homogeneities #
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CTE Homogeneity Maps

SigFit: de Bofors Fit, After any RB Subt Surface=-001 SigFit: de Bofors Fit, Aftar ony RB Subt Surface=-001
8 | . L | \ \ . oo o o ! . ! R ) . !
aadease=001
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3.448m1072
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Surface Figure Error
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1.754m1072 3. 188m1072
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294 to 250

PV: 194.1 nm
Slgfitt de Befare ‘"fL. After any REB Subt RMS: 9.426 nm
1.0 Astig: 17.67 nm, -1.308E:
Uri bs=waves S
0.8
419171072
0.E !
3.448K107%
0.4
2.708=107%
2
Rad 1.962=10"2
o
& ,
& 0.0 1.218<107%
o 4,75401073
-2.676=107%
~0.4
1.011%1072
0.6 :
~1.754H107%
0.8 24971072
1.0 3. 24010

T T —T T
-1.0 -0.8 -0.6 -0.4-0.2 0.0 0.2 0.4 0.6 0.8 1.0
KrRMAX

RMAX= 5.965E€+02 mm
o

New Homogeneity* (9.55 nm RMS) o

’ I
*CTE Inhomogeneities randomly generated until one
matched. P-V homogeneity changed to 5 ppb/K. Measured SFE (9.4 nm RMS)
Homogeneity Map. CTEs in ppb/K Conclusion
600 = - 1 * A5 ppb/K peak-to-valley inhomogeneity produced
w0l | M 9.55nm RMS of SFE and an root-sum-squared SFE
10 estimate of 9.6nm RMS.
> 7€ e Zerodur boules have been measured to have a 5 ppb/K
0 ' 1 _20;3 peak-to-valley CTE inhomogeneity, therefore, 5ppb/K
20| _21” peak-to-valley inhomogeneity is reasonable.
ol ) e  Further investigation will match test results to an even
' greater extend.
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