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INTRODUCTION



1. Collaboration plan overview

e Test of op 3l ano - = /NN

 Optical surface WFE maps i

11111
i1l

* Environmental tests (Thermal tests) _
 Optical surface characterizations

« Surface figuring

« Structure function

 Surface micro-roughness

e Deliverables
 Three SiC polished mirrors
* Final report of SiC mirror polishing and tests
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1.1 WFE acquisition and TIF study

WEFE acquisition

N S
‘Pollshm Measurement

e ———"—|_——
Example) Coorstek: 11.825 nm rms

" TIF acquisition
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1.1 Structure function

Structure function of random variable, P(r)
D(p) = <| P(r+ p) - P(r) |?>

» Structure function is related to RMS WFE at various sp
separations measured on the optical surface

« P(r): WFE at position, r
e p: separation
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1.1 ® 300 mm SiC polishing — surface figure
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Structure Function (WFE) for POCO
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1.1 ® 300 mm SiC polishing — surface figure

Structure Function (WFE) for POCO
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g n» m Structure functions in log-log scale
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1.1 ® 300 mm SiC polishing — structure fun

Structure functions show strong edge effects (turn-up, turn-down)
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1.1 ® 300 mm SiC polishing — surface roughne

MMW“‘W%{WW

.....

.......

san || clsee

LLLLL

s

.....

Coorstek surfaces

0.58 £ 0.03 nm rms
(Data taken by 5 different positions)

f N-(SA\(:) Green Optics Co,Ltd.

POICO surfaces SSG surfaces
eSO CE022 Rz S 2.72 £ 0.46 nm rms

(Data taken by 5 different positions)  (Data taken by 2 different positions)
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1.1 ® 300 mm SiC polishing — surface rou
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Coorstek surfaces POICO surfaces SSG surfaces

0.58 £ 0.03 nm rms 0.50 £ 0.02 nm rms 1.16 £ 0.17 nm rms
(Data taken by 5 different positions) (Data taken by 5 different positions) (Data taken by 3 different positions)
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TIF ANALYSIS



2. TIF analysis - MARI

Suggest below relationship as a MARI (MAterial Removal Indicator) for SiC mirrors

Depth (nm)

400 T T
A Ccorp.
o S corp.
o P corp.
A Average Depth| © -
301 @ ave.depth A ]
B Average Depthp ﬁA
200 F o -
m)
100 | -
A
A
0 [ [ [
0 5 10 15

Removal coefficient (um/psi hr m/sec)

jhan@kasi.re.kr

KI\SI Korea fswronomy and



2. TIF analysis — MARI Korea
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2. TIF analysis — MARI Korea & USA
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2. TIF analysis — MARI comparison with average.plo

Average TIFs of SiC for both Korea and USA
—— — . . .
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2. TIF analysis — MARI comparison with average.plc
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Average TIFs of SiC for both Korea and USA
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P corp. (US): most polishable material (due to Si overcoated, probably)
W corp. (Korean): most difficult material to polish out
S corp. (US): No linear trends

Similar TIF characteristics: C corp. & O, S1#3 // S1#4 & D
S1 corp (Korean): Different characteristics = Capability to manufacture various SiC
TIF of both rib and no rib surfaces (but the difference represents not quite different)
— Rib > No rib: O corp.
— Norib > Rib: W corp.

4 5 6 7 8 9
Removal coefficient (um/psi hr m/sec)
MARI concept can be used to characterize various SiC materials
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PREPARATION FOR THERMAL
TEST SETUP
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3. Preparation of environmental testing chambe

Transmission curve on Chamber window
l: A e e E——

300 mm SiC

300 mm
Window (t: 30 mm)

Interferometer

2000 2250 2500 2750 3000 3250 3500 3750 4000

R

Mechanical mounting specifications for

interferometer movement |

Parameters Specifications

X Stroke +90mm
Y Stroke
) +5mm
Preliminary design for environmental testing (ENLE]
(-40, -10, +20 degrees) Z Stroke +90mm
Tilt (manual) 13 (£5mm)
Load 100kgf
Accuracy 10um
Repeatability 5um
Speed 0.05~20mm/sec

Linearity +0.07mm/190mm
n Korea Astronomy and
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3. Preparation for thermal test setup (1/2
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3. Preparation for thermal test setup (2/2
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CONCLUSION
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4. Results and Implication

| | Coostek | __POCO

Coupons Surface figure (nm rms) 12.3
Roughness (nm rms) 0.092
300 mm Surface figure (nm rms) 11.8 18.2 18.2 1
Roughness (nm rms) 0.58 + 0.03 0.50 + 0.02 1.16 £ 0.17
Preston coefficient (um/(psi-hour-m/sec)) 6.83 8.59 6.57
Environmental testing (=40C, —=10C, +20C) Done (Obtain initial data)

% Present the understandable TIF patterns
= Established TIF characteristic maps for various SiC mirrors
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4. Results and Implication

s Prer

Period: 2016~2018 (3 years) |
Size: 500 mm in diameter
Shapes: Off-axis aspheric, Convex aspheric, Concave aspheric
Scope: Development of both polishing and material process
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5. Conclusion

[ ] PreStO A U U AN M 9 \U 11 C lic ,‘\w‘.“v\\"‘“‘""--\'

- MARI is suggested as a MAterial Removal Indicator
for SiC mirror substrates

 The relationship between TIF and material removal
coefficient of Preston Equation
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FUTURE WORKS
— PREPARATION FOR PHASE I
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Plans for SiC Phase Il (1/2) E

NOAO

1. Tasks (SOW for three years)

1. Develop a competitive design for SiC blank configuration
+  500mm in diameter
* on-axis aspheric blank (asphericity<imm)
+ off-axis aspheric blank (off-axis<600mm)
*» double arch shape with depth > 60mm
* Radius of curvature: 4000mm
+  Optimized lightweight mirror (<70%)
+ Polishable optical surface with SiC or Si overcoat
*  Over coating thickness (<300um)

2. Prepare a RFP for development of efficient manufacturing
procedures.

3. Prepare a RFP for development of efficient polishing
fabrication methods.

4. Award two/three contracts for development of SiC mirror
.. .manufacturinaand fabrication
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Plans for SiC Phase Il (2/2) E

NOAO

1. Deliverables for Phase Il

1. Multiple sets of SiC blanks

« 2 sets of on-axis and off-axis blanks

2. 4 coupons per mirror blanks (Smmx5mm)

3. SiC mirrorblank testing data and procedures
4. Multiple sets of SiC polished mirrors
5
6

. SiC polished mirror testing data sheets and procedure
. Costestimates for SiC blank manufacturing and polishing
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Thank you for attention



