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Advanced Mirror Material System

Phase Il Objectives

Develop a material system that can...

* Reduce the cost of mirrors by a factor of 4 from current state of the art $6.5 M/m?,
while minimizing production time in half.

* Maintain stiffness, low density, stability, and performance.
* Produce mirrors >4 m in size.

* Match CTE of electroless nickel to Be-38Al substrate by controlling phosphorous
content.

* Operate across wide temperature ranges down to low temperature.
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Phase II Effort

* Motivation = Make mirrors more cost effective.

* Y4 cost of James Webb Space Telescope which was $6.5 million/m?

 When NASA sent men to the moon, no one heard anything
about budgets... now everything has to fit into a budget.




Mirrors are etting Bigger and Bigger

Kepler Orrery IV
o3 04Sep 2011

2509 Earth
Planet Equilibrium
Temperature (K)

Future Larger
Observatories...




(oal to Make Very Large Mirrors

The bigger the optic, the higher the cost.

Concept Sketch
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Beryllium Significant Substrate Processing

Flowchart I: Beryllium RGA Integrating Structure, Machining Flow Chart
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The Process

Process Be-38Al
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Mirror Substrate: Be-38Al1 (LockAlloy)

Weight Percent Beryllium

0 5 10 20 30 40 50 60 70 80 100
_-|||.rll|-|r'1]l'r'( r1'lrr!ITl'Tl'EI1rYr'1'r'J'[I—$I—l|||l|-| r|rr1| T i T |l T ||I|| |I| T I IIII N
1300 : 1269°C[-
] o 160es (BBe) ——— 2% 1270c
] s .
1 a 40Los : a 4k '
1200 L » B6Nis A & R 1
; + 67Pot a e - 5
] -_-_-_--{r"‘"" .
: IS i
1100 - + -7 -
L ] :
[a] :l o
QO ] [
= ] [
= 1000 -
o ] [
— 1 [
[1B] ] [
(= ] 3
g 9004 o
0 ] :
= : :
800 3 -
700 -
660.452°C ] 844°C
: (AD) (aBe) :
5T+ 4 T A R B o s e
0 10 20 30 40 50 60 70 80 90 100
Al Atomic Percent Beryllium Be







Material Comparison Chart of Metals

(Ambient Temperature Properties)

p Be Be-38Al Aluminum Titanium Magnesium
roperty AMS 7908 AMS 7911 6061 T6 Ti-6A14V AZ91D-F
Densi
ensity 1.85 2.10 2.70 443 1.81
(g/cc)
Thermal Conductivity
216 210 167 7.8 72.7
(W/mK)
CT]i 114 13.9 229 9.0 26
(ppm/°C)
Modulus of Elasticity
192 110 4
(GPA) 303 9 69 5
Ductility
2 2 8 10 3
(%)
Yield Strength
241 192 255 1034 150
(MPA)
PEL
>30 17.3 <6.5 N/A NA
(MPa) /
Specific Heat
1925 1506 896 597 NA
(/kg°K)
Electrical Conductivity
41 4 4 A <4
(% IACS) > S N/ 0
Melting Point
¢ ‘(ro‘g) om 1285 1082 652 1660 650

Specific Stiffness 164 91 26 25 25



Mirror Surface: Electroless Nickel

Effect of phosphorus content on EN deposit
Coefficient of thermal expansion
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In Phase I, we demonstrated a
phosphorous match.



Influences on the As-Plated Nickel Deposition Residual Stress

Bath Chemistry (Including P%)
pH

Temperature

Agitation

MTO (Metal Turn Over; small amount of solution drained of (~1%); solutions added)
* The bath age

* Fresh Bath; deposition layer tends to have residual stresses that are in compression (~5,000 psi).
« Baths with 3 MTO; depositions tend to be stress free (use in line controller to maintain MTO 3 bath).

* Baths with over 3 MTO; depositions tend to have residual stresses that are in tension (~3,500 psi).



Electroless Nickel

Cross Section of Electroless Nickel

a. %
/ BN Be-38Al

TR T | 1 T i \..,:.-q. PR i v »fui-«s. s <:| ~.004”
e 0 UC CC , _ Scan path through plating Nickel Layer
LT ‘H J A — Via X-Ray Fluorescent

RO Microscopy

DR 2

The sample to the left is cut in half and the cross section polished. The view to
the right shows the cross-section and the X-ray beam scan line



Electroless Nickel

%

X-Ray Analysis of the Cross

Wt oo e Section of EN Plating
X-Ray Analysis of Spot 2 on Sample A-1 Qualitative Elemental Analysis (Preliminary)
Element Element Weight
Element Name _ Error
Number Symbol Concentration
28 Ni Nickel 88.6 0.0
15 P Phosphorous 11.4 0.0




X-Ray Fluorescent Microscopy

Specimen
Mounting stick

4-Element

detector o
Transmission

Aperture deteclor

XZ stage
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= (scanning) I
Rotation
Crystal Fresnel Sample stage
Undulator monochromator zoneplate chamber

Curtesy


http://ww2.chemistry.gatech.edu/fahrni/research.html

Through the Thickness Elemental Composition ol a

Peregrine Sample (10 keV Beam, 300 nm Mize)

X-ray Microfluorescence
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Through the Thickness Elemental

Composition ol a Peregrine Sample

X-ray Microfluorescence
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Allowable Stress

Achieving a “stress free” substrate then:

Max allowable range of stress in the system (compressive or tensile) ..
Thermal expansion and Youngs modulus of substrate o(T), E,(T)
Thermal expansion and Youngs modulus of plating a,(T), E,(T),

Temperature of the bath Thatn

Lets define residual stress G,

0, = J; [Ea(T)- Eyo(T)]dT'}

where the integration limit T is any temperature in the operating range at which ¢ has a
maximum (tensile) or minimum (compression)



Manage the Bath to Minimize Residual Stress

coefficient of thermal expansion [K]
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Joining: Liquid Interface Diffusion Bonding

LID Bond Zone =

Parts Joined Together under
Temperature and Pressure




Liquid Interface Diliusion Bonding

Enables large mirror production.

The major stages in LID Bonding...

L2, J:rﬁ—zz

Stage 1

7? "}':Z 2. Aliquid front smooths the interfaces

3. The intermediate layer diffuses into the base metal

1. Preplacement and fixturing of parts

4. Diffusion occurs to create a homogeneous joint




Mirror Surface: Single Point Diamond Turning




Integrated Test: 90 mm Mirrors

Monolithic

\

Both the monolithic and
segmented mirrors were
processed through electroless
nickel side by side. Only thing
that is different in the second
one is that it was liquid
interface diffusion bonded
together.

Segmented



Monolithic Mirrors

Manufacturing Flow Chart

(Major Steps for the Monolithic Mimmors)

Purchase Stress Machine Stress

Be-38A1 [—™ Relieve [—% Subshtute > Relieve
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v

_ _ Finish
Single Point Thermal Electroless Thermal Pracision
Diamond ~ &——  Cycle Nickel Plate |« Cycle ——|  Syurfaces
Tuming (PPS-402) (PPS-411) (PPS-402) (PPS-403)




Monolithic Mirrors — Baseline

ZYy30 GPI Application
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Monolithic Mirrors — Aiter Thermal Cycling
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segmented Mirrors

Manufacturing Flow Chart

(Major Steps for LID Bonded Mirrors)

Purchase Siress 5"-:‘1‘:;2?& LID Bond Machine
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segmented Mirrors — Baseline
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sesmented Mirrors — After Thermal Cycling
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Integrated Polish

Segrhenfed

Because of its success, we
want better resolution on
movements through the
use of re-polishing the
optics to get to an even
finer finish before we
retest them.

This should yield even
better results.



Test Data — 90 mm Polished Monolithic Mirrors

Cycled to 0°C Cycled to -20°C Cycled to -40°C

Cycled to -60°C Cycled to -72°C



Test Data — 90 mm Polished Segmented Mirrors

0
xissom B
YT »  om e wm TE™ M w owm e rre)
- 00125—
MS0.003% | e — RMS 0.009A

Cycled to 0°C Cycled to -20°C
PV 0.050A ke ‘ :IZ gg(l}(}:;\

Cycled to -60°C Cycled to -72°C



- m Sized Optics

Stress at 10g Loading

Initial Monolithic %2 m Design based on JWST Mirrors



= m Sized Optics

Deflection at 10g Loading

URES (in)
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Be Weight

E
AlBeMet N .
Equivalent Weight Designs, The Closed Back Be-

38Al Design is Equal to Weight and Stiffness to
the Beryllium Design on the Left

Various Design Scenarios were Explored

AlBeMet wwers [



Monolithic Mirrors

Substrate Fabrication for Monolithic Be-38Al Mirrors

Order
Materials B-’:I{.‘ISBEQS‘I %a E;
0P 1.0 1507 over net
blank required
Be-38A1
. Clean part per La
: r s Rel Inspect SSCune Llean part D
. iﬁpﬁﬁ;‘; - Dimensionally - : E_i—l '3 and Tri- Pads
OFP3.0 Drve Pen per &tch par Flat

0P3l PPS-128 PPS177

0P335

Themmally Stabilize
part per PPS-402

Adhesion Bake
Mickel per FPS-411

Test Murvor throush
Tenperatme Cyeles

0P314




- m Optic — Monolithic Mirror
BAMELINE

X : 500.64 mm

1o ool
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seamented Mirrors

Substrate Fabrication for LID Bonded Be-38Al Mirrors

COrder

et
OF 10 1507 over net
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; -

A SR LID Bond Eosh & Clean past per

Siress Relieve Join Be-3841 “Fimish PPS-179 and
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OF 3.0 PPS- : PPS177

OP3l

Thermaally stabiliza Adhesion Bake

I —Tar T Electroless Mickel
ickel per PPS-411 Plate

pat
per FPS-402 per PPS-410

Finizh SPDT

Test Muror throush
Temperatme Cyelas




=M Optic — Segmented MIrrors
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Hardware (‘2 m Mirrors)




* Develop a Material System that can:

* Reduce the cost of mirrors by a factor of 4 from
$6.5M/m?, while minimizing production time
in half.

* Maintain stiffness, low density, stability and
performance.

* Produce >4m in size.

* Match CTE of Electroless Nickel to Be-38Al
substrate by controlling Phosphorous content.
* Operate across wide temperature ranges down

to low temperature.

Advanced Mirror Material System

PI Robert Hardesty it w0y

Future Planned Developments

Planned Post Phase II Partners

Peregrine has the ability to produce mirrors using this
technology - however, we seek Partnerships on a program by
program basis.

Planned / Possible Mission Infusion

1. CIBER-2 a Sounding Rocket Telescope application for 80K
operation.

2. Visible to MWIR Imaging System for Military application.

Planned / Possible Commercialization

After initial key applications development, we plan to
pursure scan mirrors and Earth Observation Athermal
Systems.

PEHEERIHE

Advanced Mirror Material System

Be-38Al1/ LID Bonding / Electroless Nickel Plating (CTE Matching) / SPDT- Polished

Testing demonstrates stability to 1/50" %,

Matching CTE Electroless
on Be-38A10.005” (P% +/-0.2)

LID Bond just prior to

Accomplishments

* Matched (WI +/- .2%P) Electroless Nickel (EN) Plating to Be-38Al to
yield a stable substrate.

* Seamlessly joined Be-38Al together that can create large substrates for
mirrors (no surface indication).

* Demonstrated stability to 1/50t \.

* Successfully tested across large temperature ranges down to low
temperatures.

* Delivered two half meter mirrors (Monolithic and LID bonded
versions) using SPDT at an areal cost of <<$1M/m?.

Key Milestones Met:

* Dialed in Electroless Nickel Plating process to +/-.2%DP.

*+ Dialed in Liquid Interface Diffusion Bonding process for seamless
joints.

* Integrated Be-38Al/LID Bond/EN/SPDT to create stable substrates.

* Tested Material System over wide temperature range to low
temperatures.

SBIR Data Rights



