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Test Article

POCO Graphite SuperSiC® (Silicon Carbide) mirror:

o Diameter: 0.25m (circular)
« Radius-of-curvature: ~ 3.0m, spherical, (R/12)

» Face sheet: ~1.7mm thick after polish by Dallas Optical Systems (CVD
SiC cladding).

* Rib structure: 35mm thick/tall (minor ribs 5mm tall), 25mm inscribed
diameter cells, with 1.2mm thick ribs & 1.4mm rib-to-face fillet radii.

» Areal density: 16 kg/m?

« Additional information can be found in presentations by POCO Graphite:

http://optics.nasa.gov/tech _days/tech_days 2003/docs/44POCOMSFCO.
25mirror.pdf ; and at www.poco.com.

10/4/2004 2



O
2
O
O
O
al

AVAVAVAY.
AVAVAVAVAN,
AVAVAVAWAWAN
VAVAVAVAWAW/
TAYAVAW WY
WA




est Set-Up

* Mounting:
— Mirror rested on two stainless steel posts with Teflon caps.

— Teflon safety bumper located near top of mirror to prevent falling
forward. Minimal contact between mirror and safety bumper, if any.

— Interface plate to aluminum test stand (with actively-cooled base).

— 2 silicon temperature diodes attached to mirror back ribs with
Kapton tape: 1 near center & 1 near bottom.

e Fiducials:
— 4 filled circles (6.5mm diameter) at 90° intervals near edge.

e Tested 1 time (2 cryo cycles), in small chamber,
using IPI/OptiCode.
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Mirror in Chamber

POCO mirror rested on 2 posts with Teflon bumper at top to prevent mirror falling forward during test.
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Optical Test System

IPI interferometer with /8 diverger atop hexapod looking thru 25.4mm thick BK7 window into chamber.
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est Objectives

e Test Objectives:

— Primary: Measure surface figure error at ambient (~290K) & cryo
(~30K) at least twice for repeatability.

— Secondary: Measure surface figure error at other temperatures of
interest (especially 200, 100, 65, & 55K).

— Secondary: Check test article survival at 25K.
« Surface Figure Error Measurement Uncertainty:

— Absolute uncertainty, without subtraction of instrumental error,
estimated at £7nm-rms.

— Uncertainty in any difference between two measurements
estimated at only £3nm-rms.

— Both absolute & difference uncertainties for residual results
(FRINGE Zernikes removed) estimated at x2nm-rms.

— Effects of thermal gradients in mirror and/or differences in such
gradients between any two measurements not accounted for in
estimates above.
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Measurement Timeline

Sunday Monday Tuesday Wednesday Thursday Friday Saturday
11/16/03 11/17/03 11/18/03 11/19/03 11/20/03 11/21/03 11/22/03
Ambient 1st cycle 1st cycle 1st cycle
pressure, | vac, 290K | Vac, 197K | Vac, 99K
292K
11/23/03 11/24/03 11/25/03 11/26/03 11/27/03 11/28/03 11/29/03
1st cycle 1stcycle 1stcycle
Vac, 64K, Vac, 30K Vac, 23K
51K
11/30/03 12/1/03 12/2/03 12/3/03 12/4/03 12/5/03 12/6/03
2nd cycle 2nd cycle 2nd cycle 2nd cycle 2nd cycle
Vac, 291K [ Vac, 197K | Vac, 97K Vac, 50K Vac, 30K
12/7/03 12/8/03 12/9/03 12/10/03 12/11/03 12/12/03 12/13/03
2nd cycle
Vac, 290K;
Ambient
pressure,

289K
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Definitions

« Total Figure Error: surface error map with
piston, tilt, & focus removed.

* Residual Figure Error: total figure error minus
Zernike fit of 37 Fringe Zernike terms.
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291K (2nd cycle)

Total Figure Error

Residual Figure Error

Phase far 14:71:43 12-01-2603) Phase far 14:71:43 12-01-2603)
FDCO SL/SIC Teet B (TCLt, Focus) FOCO SI/5IC Teet W1 (TLLt, Focus]
lieas 10: VAC/Z31an heae 10:VAC-231an
Fr_-63, DZnn Pover: ~188.12mm Fa -3, 3380 Fouer: 64, 43nn|
FH5: BB, 5trn PV 489, 7Hnn PT5: 366675 FHS: #, ¢nn PYB5, 43nn PT5: 366675
167,20 EEE]
-azz, 57 58,81
Test 1D: POCO S3/5IC Te=t H1 | [Date: 12-81-2003 14:31:43 Test I1D: POCO SI/S1C Te=t H1 | [Date: 12-81-2003 14:31:43
Mess 1D0: o RDE/PARSE SHIFT Wedge: Surface Meas 1D: o ROE/FHASE SHIFT Wedge: Surface
Customer: POCO Opt3Cade/ 1P - Inetsniencous Phaae Software  (Polarity: = Customer: POCO Opt3Cade/ 1P - Inetsniencous Phaae Software  (Polarity: =
Operator: XRCE Nermion 4.47 ¢o) 1995-78AZ Operator: XRCE Wermion 4.42 () 1595-7842

Terms Sobiracied:

TITL Foeos

Terms Sobiracied:

TITL Foeos
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PV =490nm
RMS = 88.5nm

PV =89nm
RMS =4.4nm
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Total Figure Error

FPhace Hap 13:09:01 12-95-2093)
FOCD 50-SIC Test W1 (TCLt, Focue)
Heae ID: VAC/39an

e - 76, 53nn Fower: 29,32nm
Ri5:95, 75nn PV 435, 88nn PT5: 361 727

191,28

303,72

30K (2" cycle)

Residual Figure Error

Phace Hap 13:09:01 12-95-2093)
FOCD 507500 Teet B1 (TCLt, Focue)
Heae ID: VAC39an

Fa -3, 58%n Fower: 73, 4Bnn
RHS: 4, 734nn PY:185, B8nn PT5: 361 723

48,58

56,42

Test

ID: POCO Si/53iC Test H1 | 12-@5—2083

13:99:81

12-@5—2083

13:99:81

Meas

Customer: POCO
Operatar: XRCE

urface
Falarity: =

IO VAC/2@am RDE/FARSE SAIFT
OptiCodesIF1 - Inmisnieneous Phase Softusre
Werminn d.47 <o) 1995-7aaz

Tesi ID: POCO_Si/S1C Tesi 831 I
Meas I1D0: Ham

Customer: POCO
Operatar: XRCE

urface
Opt3CaderIPT - Inotentencous Pheae Softusre  [Folarity: =

| RDE/PHRSE GHIFT
Werminn d.47 <o) 1995-7aaz

Terms

ubiracted: TITL Focus

Terms

Obiracied: TITL Focus

PV =495nm
RMS = 95.8nm
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PV = 105nm
RMS =4.7nm
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Total Figure Error

Cryo Deformation
30-291K (2nd cycle)

Residual Figure Error

Phase far 14:71:43 12-01-2603) Phase far 14:71:43 12-01-2603)
FDCO SL/SIC Teet W1 (TCLt, Focus) FOCO SL/5IC Teet W1 (TLLt, Focus]
heae 10:VAC/39-231an hear 10:VAC/39-Z3Lanr
Fe_-13. 270 Fouer: 8. 6Bnn| Fo -1, Btdnn Fouer: 8, B6nn|
FH5:16. 17nn PY95, 16nn PT5: 341388 FHS: 2, 330 PV:45, 16nn PT5: 341388
56,51 18,46
i mn
n
7 &
42,60 26,70 4
B LES
LI —— LI e B B B B B B
Test 1D: POCO S3/5iC Te=t Hi | [Date: 12-81-2003 14:31:43 Test I1D: POCO Si/S1C Te=t H1 | [Date: 12-81-2003 14:31:43
Mess 1D0: —Z9Tam RDE/PARSE SHIFT Wedge: Surface Meas 1D: = = ROE/FHASE SHIFT Wedge: Surface
Customer: POCO Opt3Cade/ 1P - Inetsniencous Phaae Software  (Polarity: = Customer: POCO Opt3Cade/ 1P - Inetsniencous Phaae Software  (Polarity: =

Operatar: XRCE

Werminn d.47 <o) 1995-7aaz

Operatar: XRCE

Werminn d.47 <o) 1995-7aaz

Terms

ubiracted: TITL Focus

Terms

Obiracied:

TITL Foeos

PV =99nm
RMS = 16.2nm
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PV =45nm
RMS =2.3nm
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RMS Total Figure Change
vs Temperature

POCO SiC - RMS Surface Change from 291 K
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RMS Residual Figure Change
vs Temperature

POCO SiC - RMS Residual Surface Change from 291 K

Surface Change (nm)
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Change at Ambient,
287-291K (2nd cycle)

Total Figure Error

Residual Figure Error

Phase far e Prase fae T44s_iz-e1-zeo3
FOD SIDiC Test B 7O, Focue! FOLG SLGIE Test m (TELt, Forus!
e fewe 10 AL2Rr-231 anr
R 1. 30nm Pover: b, z0m Re 1. Gaonn Fover: 8. b
i 2. 534nn P 36.52mm Fis swiei0 Rrl. 2. 5esn P35, 67 T1s. ezt
5.0 1699

| n | TV )

p 3 o A
J i b %
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T L e e e LI e e T e e e L
Te=t ID. POCO_SI/SiC Test #3 T [Date: 12 01 2003  14.31.43 Test ID. POCO_Si/SIC Test #1 T [Oate: 1261 2003 14.31:43
Feas IO VAT SFEEET] Uedger Sorface Meas T0: VAT =ZSTamr Wedger Sorface

Custaomer: POCO
Operator: KRCF

DptiCodesIPI - Inmtmntmneoun Fhaee Softusre
Werelon 4.42 ¢cy 1985-2882

ROE/FAASE GAIFT
Falarity: =

Customer: POCO
Operatar: XRCE

Opt3CaderIPT - Inotentencous Pheae Softusre  [Folarity: =

| RDE/PHRSE GHIFT
Werminn d.47 <o) 1995-7aaz

erms

Uhtracted:

TITE Focus

Terms

Obiracied: T7

TT Focus
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PV =37nm
RMS = 2.5nm

PV = 36nm
RMS = 2.3nm
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Total Figure delta

Change at Cryo, 30-30K

Residual Figure delta

Phase far 19:90:01 12-05-2603) Phase far 19:90:01 12-05-2603)
FDCO SL/SIC Teet B (TCLt, Focus) FOCO SL/5IC Teet 1 (TLLt, Focus]
heas ID:VAC/30cZ-30c1en heae 10: VAC/30c2-30cianr
Fe -5, 18%m Fouer:  2.53nn| Fa -2, B25mn Fouer: —8.81nn|
FHS: 6. 353nn PV:51, Binn PT5: 359645 FHS: 2, 5550 PV 45, 3ann PT5: 350657
68,25 13,21
29,63 21,13
Test 1D: POCO S3/5iC Te=t Hi | [Date: 12-B52003 13:.00:@1 Test I1D: POCO S3/51C Te=t H1 | [Date: 12-B52003 13:.00:@1
Mess 1D0: Bod— RDE/PARSE SHIFT Wedge: Surface Meas 1D: VAL, 3@cZ-J0ciamr ROE/FHASE SHIFT Wedge: Surface
Customer: POCO Opt3Cade/ 1P - Inetsniencous Phaae Software  (Polarity: = Customer: POCO Opt3Cade/ 1P - Inetsniencous Phaae Software  (Polarity: =

Operatar: XRCE

Werminn d.47 <o) 1995-7aaz

Operatar: XRCE Werminn d.47 <o) 1995-7aaz

Terms

ubiracted: TITL Focus

Terms Sobiracied: TITT Focus

PV =52nm
RMS = 6.4nm
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PV = 40nm
RMS = 2.6nm
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POCO SIC Summary

* Figure changes level off around 130K, corresponding
to SIC strain.

e Total cryo deformation of 16nm-rms; mostly
astigmatism.

* Residual surface figure change of 2nm-rms; below
measurement uncertainty; no cryo-quilting of ribs
visible.

* Figure change repeatable for both cryo cycles.

 No change in 291K figure observed due to cryo-cycle.
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