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From State of the art to
... ightweight concept?

P e

1999, CHANDRA telescope
Super-polished Zerodur mirror shells:
THICK (35mm) and FEW (4)

Area = 1100cm”2

MaxDiam = 120cm

HEW = 0.5"
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“High resolution” optics @QINAF-OAB

SiC monolithic shell, Fused silica monolithic shell,
Replica process Direct polishing
Ghigo et al. (1999) Civitani et al. (2012)

22-05-2017, Lynx Industry Day

g Thin Polished Glass Monolithic & Segmented Mirror Development



Development program founded by
ASI (Italian Space Agency)

Proposal approved by ASI (first ranked, after peer review
by external referees) in the context of the last Call on new
Technologies. KOM meeting March 2016

(INAF/Brera + POLIMI)

TWO TASKS:
* development of high throughput X-ray optics based on

“cold” slumping of thin glass foils (M. Civitani et al. 2015,
Basso et al. 2016)

« DEVELOPMENT OF HIGH PRESION OPTICS FOR
“BEYOND CHANDRA” programs = X-Ray Surveyor
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Presentation summary

* Shell design

* Tolerance analysis

* Material selection

* Process overview

* Development status & preliminary results
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Full optic

AIVI: Plalev Pair profile & Area vs shell radius & Cumulative effective arec Foca_]_ Leng‘ht —
— Lo

Shell Lenght =
500+500 mm
Thickness range =
2-4mm

Wolter-I design

....................................

......................................................................

- Around 110
shells

Radial profile [mm]

| (see next
cwr| i presentation for
50D &l structural

Optical axis Z [mm]

considerations)

Shell under
development
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Prototypal shell manufacturing
program

Realized New
Prototype Prototype
Shell#1 Shell#4
5000mm 5000mm
487mm 487mm
2mm 2mm
200mm 270mm
Polynomial Wolter
1.369kg 1.8kg

10” (57 goal) 2" (1”goal)

. 7
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Tolerances analysis

* Conical error can be compensated
during integration, 10”
compatible.

 For out of roundness, HEW
depends on the in-phase/out-of-
phase configuration, less than
400nm PtV to be sure.

e The first order curvature
amplitude less than 100nm.

* Figure errors with rms around
15nm rsm are compatible.

* Surface micro-roughness below
0.5nm rms.
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Materials: Fused silica

e Low thermal

Glass Eagle Silicon §} Fused .
263 Glass Silica cxpansion
 Excellent material for
Density 2.51  2.38 2.33 2.2 figuring, polishing
(g/cmd) and ion-beam
Thermal correction
Conductivity (completely

(W m1K1

amorphous!)

* Space compliant
(5102 also used for
Einstein shells)

* Available on large
size formats

 Low stress

* DPossible “near net
shaping” before
polishing

CTE (106K1)
at 300 K

Young
Modulus
(GPa)
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Raw shell procurement

Heraeus Quarzglas (Germany)

NOW
 Raw material: high purity
Quartz (HSQ300)

e Tube diameters: 2 — 1000 mm
« Wall thickness: 0.5 -13 mm

* Close to the double conical
shape with raw grinding.

NEXT:
* Close to the double conical
shape with hot-slumping!!!

* Bigger tubes are
techonologically possible
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Starting point: Raw grinded fused
silica shells (from HERAEUS)

11

22-05-2017, Lynx Industry Day
Thin Polished Glass Monolithic & Segmented Mirror Development

”/“ * Rough surface

after raw
grinding:
around 0.7-1.2
micron rms.

OOR (on astatic
support) errors
depends on the
shell: typical
range 1s
5-50microns



How to handle a thin & short glass
shell: the Shell Supporting System

-Temperature
effects

- Gravity effects
UPPER FLEXURE| -Integration errors

| CONNECTED BY
| | ADHESIVE

OUTER RINGS
& CONNECTING
BAR

MIRROR
SHELL |

- v . |LOWER FLEXURE &
SHELL SUPPORT STRUCTURE ™ /ADHESIVE PADS

Shell Support System (SSS)
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Gravity & thermal etffects

Axial gravity

(=)
=
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Lateral gravity
on whole assembly

AT = +1°C

PtoV__=1.53 um _
HEW.<2=.0,16-arcsec: ... s .. .~

Credits BCV
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An almost complete manufacturing-
integration sequence (FEA)

Contribution to the error budget n HEW Worst HEW Best
case case
[arcsec] [arcsec]

Axial gravity release
+ shrigake 0.56 0.56
+ DT (100Micron)

+ SSS interface tolerances

Axial gravity release

+ shrinkage

+ DT (100Micron) 0.92 0.69
+ SSS interface

+ Lateral gravity (= test on

ground)
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Integration of shell#7 into the SSS
@INAF/OAB

p-grade of the process to limit
| ed eformations introduced with
the operations

:::?::::?:: |:|Ff0nt PhiMax ::5::' » ':::5' 00
| IllFront IP ST AT s T DT
-/ IlRear IP 5 0% B
30; |ElRearCen |- opof oo

AL TRear PhiMin |- |

.......

1Ba
Run Number
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Thin shell integrated in the SSS

Machining/
Thickness: Length: me.t rology/
omm 100mm-+100mm calibration

Can be managed in
horizontal position

Radius:
243.25 mm
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Fine grinding [@LT-Ultra]

Objectives:

- OOR correction
- Low frequency
profiles correction

Mg’ L
" b
e P
2 ¥
% Sl A
' ” L) e R
" - e s €
-
3
| l

Grinding wheels with
different grain size
available: D30, D20, D5,
D3,D1 and DO0O.5
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OOR correction with fine grinding

Out-Of-Roundness Measurements [Micror Qut-of-Roundness of the SHELL#4: PV evolution
@PHIMAX -

1050 90° 750 150

1200 . 60° y
135° e 45

1500 . ANy

165°

1005 4
+1><8059.5 “““ .

650

A508 W
1850 v 4Be st || || 1l o ||| | St

120° -60° RN y o R
-105° goo-?5°

—
o
o

[Micron]

ro'ntAP'hhll\'/I.ax FrontIP RearIP Rear Pthln
Shell position

The process has converged to OOR with PtV around
1.5 microns corresponding to HEW contribution 1.3”
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OOR repeatability problem

0 T 2 1 -
Front PhibMax Front Mid Front IP Rear IP

Shell position

- In the present set-up, temperature effects limit the accuracy
- Further corrections are needed with ION BEAM (target 500nm PtV)
- Improvements in the SSS system: invar interface

22-05-2017, Lynx Industry Day

19 Thin Polished Glass Monolithic & Segmented Mirror Development



New invar disk in the SSS

_———Mirror Shell @ ®uax

., [Adhesive RTV 566 N\
I

__+{Upper flexure

Upper glass ring

_ Rods connecting
—"|glass rings

_Lower glass ring

Spacers

connecting the
—|SSS to the Invar

spoke wheel

—— Lower flexure

o y 7 ——__[Invar spoke
Saite = B

spid e

- Interface compatible with the lathe set-up

- To remain part of the SSS + shell system during the polishing phases/
ion beam figuring

- To remain part of the SSS + shell system during calibration @Panter

=>» Never dismount up to integration of the shell in the final spider
system:
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Super-polishing (@Zeeko Ltd)

Error on thesoxat shell profile

K [mm]

Objectives:

- SSD removal

- Low frequencies profile &
OOR correction
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Super-polishing (@Zeeko Ltd)

aarelh Objectives:
- | - mid-frequency removal
- Micro-roughness correction
e |

Hyp: residual filtered ewolution292.5°

r

r r F

L T
Run_7_MOD_3
RunHyp_30_Pitch_100mm_CR125

t t t : t t t :
-90 -80 -70 -60 -50 -40 -30 -20
Optical axis [mm]

RT of the data:
Low fregency: HEW = 6”

Low + mid frequency: HEW =14

22-05-2017, Lynx Industry Day - Too much !!!
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PtV =12nm
Sa=1 nm




New process flow

E
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Polishing phase: on the lathe

Profile measured @90°, 1° fit

[Micron]
o

—Last D1 (Luphos)

100 50 0
Optical axis [mm]

- Expected errors after the grinding are of the order microns

- Micro-roughness around 50 nm rms (1mm scale)
- Max force l1kg (the shell is thin !!)
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Roughness

15
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How to speed up (Preston law):

Time

Abrasive

Pressure Velocity
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New pitch tool and high speed
carriage

S—

——Exte
Mid
Mid
Tilt

- Pitch tool pad mounted on an air
bearing carriage: NO FRICTION

- Magnets @variable distance:
ADJUSTABLE FORCE

- Linear carriage: HIGH
FREQUENCY MOVEMENTS
(15Hz on 2mm)
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Polishing with Trizact (SM)

Advantages:

Recommended Finishing Sequence
for Acrylic-Filled and Polyester-Filled Solid Surfaces

Matte Finish Semi-Gloss Finish High Gloss Finish

Standard Sequence Alternate Sequence*

Step 1 366L 100y’ dry 366L 100y dry 366L 100y’ dry 366L 100y’ dry

Step 2 268XA A35 damp 268XA A35 damp 268XA A35 damp 268XA A35 damp

Step 3 268XA A10 damp 268XA A10 damp 268XA A10 damp

Gloss = 12-15
Step 4 268XA A5 damp 268XA A5 damp

Acrylic:
Step5 568XA Ce0 damp 3 e 2860 9y damp

Step 6

Speed up polishing phase
No slurry (simpler shell
cleaning procedure)

Deterministic (pad surface
status Vs expected results)
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Polishing trials on samples

CHARACTERIZATION:

- Removal rate

- Micro-roughness
evolution

! R 4
BN L
18R TW

NN

_ fai 5&1 2]

OPTIMIZATION:

- Fixation set-up

- Pressure

- Amount of Water
- pH

- Pattern
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Polishing trials with Trizact:
micro-roughness

PSD Evolution on: FS Refurb Coll Inf
FS Refurb Col1 Inf

Slope=1.05, Norm=30.0 1 O

==Y olumes/homelFusedSilica Colombo 2016/MFT/MFT 10x FS refurb Coll LatoAfrun 1
=—iYolumes’home/FusedSilica Colombo 201 6/MFT/MFT 10x FS refurb Coll LatoA/run 2
—{Yolumes/home/FusedSilica Colombo 201 6/MFTIMFT 10x FS refurb Coll LatoAfrun 3
=—iYolumes’home/FusedSilica Colombo 201 6/MFT/MFT 10x FS refurb Coll LatoA/run4
=—={Yolumes/home/FusedSilica Colombo 2016/MFTIMFT 10x FS refurb Coll LatoAlrun 5
=—{Yolumes/home/FusedSilica Colombo 201 6/MFT/MFT 10x FS refurb Coll LatoA/run 6
=¥ olumes/home/FusedSilica Colombo 201 &/MFT/MFT 10x FS refurb Coll LatoA/run 7

=Y olumes/home/FusedSilica Colombo 201 6/MFT/MFT 10x FS refurb Coll LatoA/run 8
i HEHEH | HEHHHE | HEH ] R

10° 10° 10 10°
[micron]

Example of the micro-roughness evolution
during polishing steps
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Polishing trials with Trizact:
shape

Flat glass sample shape measured
with interferometer

I

- The shape/of the polished area changes is maintained within few
hundreds of nanometers. HEW variations within few arcsec.

- Pitch tool movements can be optimized to avoid undesired mid-
frequencies features
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Main ingredient of the process:
Ion beam figuring

After the surface is polished,
to correct low frequency figure errors

e ‘ 7y PRO:
‘! ; e\ i - Deterministic process

- Non contact
- Micro-roughness

preserved (or improved)

AND...

L s ’ - Very large facility
B N AT | already available @INAF-
S OAB. Rotary table to be
implemented
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Ion beam:
expected results from simulation

Initial filtered 20 [mm] girr;l 3s;rf[art]c:1a]

Rms 57.5 [nm]
PtV 290.1 [nm] PtV 27.0 [nm]

3 £

P T 80
B 3 0.3
® 2100
as o

500

500 |
Position on perimé{er [mr

Optical axis [mm] . -
0o Position on perimeter [mr 00

Ideally the Ion beam process is able to converge toward final rms of
around 3nm, removing completelly low frequency errors in both
longitudinal and azimuthal directions. (HEW <<1”).
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Important note:
Micro-roughness Vs Ion Beam

original topography B8 6=0°

Wenlin Liao, Yifan Dai, Xuhui Xie,and Lin ~ Starting from fused silica sample

Zhou, Appl. Opt. 52, 3719-3725 (2013) With Rq = 0.45nm, for inc.idence
angles lower than 20°, Rq is 0.2nm

after the ion beam figuring.
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Activities on Shell#4...
were 1n “'stand-by”

|

i
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... Just restarted!!!

New invar
interface

New titanium
Spacers
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With a good news:
not to much deformed!

Out-Of-Roundness Measurements [Microl Out-Of-Roundness Measurements [Microl
Center positions @PHIMAX @Front IP

1050 90° 1050 90°

Wert
—W—Pol_Par16
—¥—ReMount#1

Zero ; N Zero
——Pol_Par16 : [P RN S ——Pol_Par16
+—ReMount#1 DY RSN W 3 ReMount#1

1058 gge <75°

Out-Of-Roundness Measurements [Microl Out-Of-Roundness Measurements [Microl
@Rear IP @PHIMIN

1050 90° 750

|EPol_Parte [ :

[ IReMount#1 |7 A L e : Zero
T T . RN ' : : .| ——Pol_Par16

ReMount#1

Zero
——Pol_Par16
——ReMount#1

lpront PhiMax Front IP Rear IP Rear PhiMin
Shell position
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How much does it cost?

Current prototypal shell
Material

 Raw shell: 6keuro

* Jig (SSS+Invar): 25keuro

Time:

* Integration in SSS: 2weeks
* Grinding: 4 weeks

* Polishing: 4-8 weeks

* Ion Beam: 2 weeks

Credits, CNN Money

For final shell
* Initial Chemical etching
* Coating

* Integration in the structure
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Monolithic... or Segmented

-l 6. B WA e N
A

Main differences:

- Substrates procurement

- Supporting system

- Direct polishing on Zeeko
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Segments: substrates procurement

— Segments grinding
— Pre-shaping via slumping

— Full monolithic shells grinding and then
segments produced cutting the shell
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Segments: production flow (1/2)
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Segments: production flow (2/2)

41

3

H20 at 80 C deg

M
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Status on segments
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Segments on Zeeko
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Ion beam exercise

SEGMENT#4
Simulated IBF correction of parabolic profile

at X = 10 mm measured with LTP (FEM and Wolter subtracted)

—— Before IBF, HEW(@0.27keV) = 46.9 arcsec )
\, —— Before IBF - best fit 8th order pol., HEW(®0.27keV) = 1.1 arcsec
After IBF, HEW(@0.27keV) = 1.2 arcsec

E
)
2
o

o

o

a

40 60
Scan position [mm]

Segm#4 PARABOLA central profile

o
=)

I
o

|
o
)

0
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Ion-beam correction of
a previously polished
segment (cut from a

bonnet-polished WFXT
mirror shell)

Profile — 8th order best fit

MPR

O WAL LU L

—_
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Conclusions

A new process based on direct-polishing and ion-figuring
correction of Fused Silica shells (or segments) is being set-up

*  We aim to demonstrate that:
—> the Lynx angular resolution requirement can be achieve
- the method can be used for the production of the Lynx mirrors

* Prototypal optics under development for X-ray tests in the next few
months:
- Monolithic shell#4 grinding and polishing on the lathe will be
completed by the end of June. Intermediate x-ray calibration
(before ion beam figuring) depending on the expected result in
July. Ion beam figuring and final calibration before winter 2017.

- Segmnents polishing and calibration before summer.
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