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Presentation Outline

¢ Introduction: Including a biographical
SYNOPSIS

¢ Coating Processes: PVD and energetic (IAD)

¢ 3.3 Meter. Diameter, Chamber,

¢ Kepler Pamary Mirrer: €oating

¢ Next Generation Large Chamber,

¢ Eiltered CathedIGCIATC
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Brief Biography
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¢ Optical Coating Laboratory Inc. (OCLI): 1973 to 1989

— Process Engineering; First end-Hall ion source in
production

PSI Max Optics Inc. 1989 to 1990

— DPeveloped DWDM coating system—OCA / Corning
Prototype

Boeing High Technology. Center: 1990 to 1993

— World'Record Space Solar: Cell; IAD Development
Avimo Singapere Ltd. 1993t6 1997

— Eilter Cathodic Arc; IAD: Night:Vision; Center, ofi EXcellence
ZC&R Coatings forreptics Inc: 1997 te' 2000

— High'@ut PUGIADS IECAD: Space Station Window: Program
ROCKWEII'SCIence Center 2000102008

— [faserEye ProtectionsViarstReconnaissance Oroiter

lon Beam @plicsinec: 20081162010

— SBIRIRhaselllRadiation HardeningiofiSpacessolarscell
(COVENS

SUrace OpticsICorp: 20000 Present

—KeplerkRPnmany Mg BandRPass kil tersiorsHyperspectral
ImaginggMembranefillersiorSpace ANtENNaes




SOC Chambers for
Vacuum Deposited Coatings

SO.G meter)

For Coating Development

1.2 meter (Optical
Monitoring, planetary)

1'8&%[3{) {8&"&952‘2,';1 ?,&B])Ot'on 3.3 meter (motion controlled

e-beam IAD)



<& |S|S Surveillance Blimp Program:

Thermal Control Coating




Membrane Coatings




<& Macro Filter Array for
Hyperspectral Cameras

Mosaic of narrow bandpass filters
Vacuum deposit bandpass filters on wafer substrate

Dice to size
Assemble into mosaic filter array




HIgh-Energy Deposition Technigues
Offer Advantages

¢ lon Assisted Deposition (IAD) e-beam / thermal
¢ Plasma Assisted Deposition (PAD) Trechnology.
& Magnetron Sputtering

¢ Improve the physical gualities ofioptical coatings:
& Densify miCrostructure
o Reduce defect:density,

o Produce stiechiemetrcally CorfEect
compesitensSwithistable optical ProPERES

—|nadex
—FoW Kevalues



SainTech Source: lon-Assisted-
Deposition (IAD)
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lon Beam in lon-Assisted-Deposition (IAD)
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%EThornton Film Growth Model (1974)

POROUS STRUCTURE
CONSISTING OF TAPERED
CRYSTALLITES SEPARATED
BY VOIDS

TRANSITION STRUCTURE
CONSISTING OF
DENSELY PACKED
FIBROUS GRAINS

COLMNAR GRAINS
l

RECRYSTAWLIZED
GRAIN STRUCTURE
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110, IAD Film Deposited at 50° C.
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—& 1|0, Optical Constants using IAD
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%Tmz Optical Constants using IAD

IAD TiO2 (Ambient) vs PVD TiO2 (300 deg. C.)
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iﬁ SI0, IAD Film Deposited at 50° C.

1-28-92 SPEC 91-259 21-863861
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—=& SizN, IAD Film Deposited at 50° C.
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rJlon Assisted Deposition Summary.

e Temperature: Second Order Effect

« Mechanical Properties: Improved Adhesion & Durability
o Optical Performance: Refractive Index Stability

o Manufacturing: Repeatability

s [emperature Sensitive Substrates

o Pulsed IAD: Eluoeride Depoesition at

Ambient:Supstrate lemperature
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~ WMAP (NASA-Goddard)
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> Typical Reflector Requirements

Aluminum,
Materials Silicon Oxide

(Si1Ox or Si02)

20,000A +/- 2,000A
LBAMETY R ':;""’I:' |l e

al
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3.3m Diameter Vacuum Chamber
Commissioned (2001)
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Animation of motion system




—*- Moving Into Optical Coatings...
M Improvements in Thickness feedback and
control

M lon Assisted Deposition (IAD) was added
for greater material & process versatility

NASA need: Space Qualified Silver

Reflectance R > 95%, 360nm to 2,000nm

Stress Compatible w. lightweight substrate

Space Environment Radiation, thermal cycling

Ground Environment Humidity, T/C, cleaning, adhesion

Size (dia.) Up to 2.5m, or multiple segments up to 1.5m




L-Oxide
H-Oxide
L-Oxide
H-Oxide
L-Oxide
Si,N,
Ni-CrN,

Ni-CrN,
Substrate

| LOdde
ke
Lt
B
Lt
SN,
| Ni-CrN,
| Ni-CIN,
| Substrate

Reflection
Enhancement
Layers

Basic
Protected Ag

LLNL Protected Silver Design

¢ Design developed &
verified at LLNL.

¢ LLNL created nitride layers
by sputtering NICr and Si
In presence of N+ ions.

¢ SOC developed process to
produce nitride layers by
IAD. (SBIR funding)

s NICENShiIghly alserping In
pItEe/UN Want terapply.
miRImUm thickRess only.

27



Why LLNL protection works?

+ NICrNx

— Prevents Ag from reaction with S+
— Promotes adhesion between SiI3N4 and Ag

¢ SIBN4

— Protects Ag firom S+ and oether chemical attack
— Protects Ag firom O+ during oxide deposition

s SIO2/11a205 pairs

— Protect suriace from scratching
— Jlallor to enhance reflectance: in blue/U\.
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%E Effect of NICrN thickness on

Ag reflectance

Ag + 6 A NiCrN

Ag (Only)

> Lower Reflectance

» Greater Durability &
Adhesion

500 600 700
Wavelength (nm)




LLNL Processing Challenges for
Silver. on Large Optics (Kepler)

+ Precise deposition of 5A of NiCrNx difficult
oVer large areas.

+ N+ bombardment of NICr to make NICrNx
removes NICr (had teo compensate by
adding extra NICr toe outer radial positions).

s SizN, easily contaminated with background
gas (reguires exceptional vacuum). Need
for UHV slews cycle time between runs.

s SizN, has high index that reduces Ag
refliectance.
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Processing Challenges for Large
Optics (Kepler): Uniformity

+ Deposition Uniformity of 5A of NiCrNx
difficult over large areas: e-beam / IAD
plume control a huge challenge

s Si;N, unifermity was also a challenge; Ag
and the dielectrics were less troublesome

¢ General unifermity constraints: precision of
translation stage movement; confinement
of e-lhbeam and resistance seurce plumes;
Center pesition sensitivity; and Precess
repeatability.
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Processing Challenges for Large
Optics (Kepler): Uniformity

32



Processing Challenges for Large
Optics (Kepler): Durability

¢ Durabllity requirements were driven primarily by
the terrestrial exposure prior to launch

The humidity test consisted of a 24-hour
exposure at 50°C and 95% RH. The coating was
thermally cycled 30 times from -80°C to +35°C
and the reflectance was measured before and
after each exposure test. Follewing
environmental exposures, the coating passed
MILL-13508C adhesion and moderate abrasion
tests.

Protected Ag Coeating with Five-LLayer HIL
Interierence’ Coatings; Passed Envirenmental
Jesting: Next Slide
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Processing Challenges for Large
Optics (Kepler): Durability
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Processing Challenges for Large
Optics (Kepler): Computer Control
Improvements

¢+ Old program ran on text files with relevant
automation data; new version includes ability to
generate text files from an updateable material
data base.

¢ Program allews coating to deposit from the
outside to Inside (or, visa versa): thin layer rate
IS moere controlable when source IS already on.

¢ Others: Limit switches for heme and start
pPosItiens; run leg file has evershoot data;
computer control for translation stage stepper
motoer results 1nf < 1% run-oiff acress part.
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Kepler Mission

Milky Way Galaxy

l‘ [ ENVINKY ANV AV SHOWINGREUIESUN i O U2 000N g N T /ea. s rom
gal XY ESTCENLENNENEI OWACONENI USTIALESTIE EFION OF
HHEIdRNMAWRTCHIKERIEFUNISHoEanItanle planets
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http://www.guardian.co.uk/science/gallery/2009/mar/04/?picture=344159601�

sunshade

Schmidt Corrector

0.95 mdia.

Local Detector Electronics

Focal Plane Array
42 CCDs,
>100 sq.deg. FOV

Primary Mirror, 1.4 m dia.




ﬂL Discovery of First 5 Planets
reported January, 2010

Planet Size

‘Kepler 4b

. Earth
&

14.79 Re 11.2R: 3.99Re




ﬁi' i Surface Optics Corporation
Kepler Primary Mirror (1.4 m dia.)
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Surface Optics Corporation
__Kepler Primary Mirror
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Surface Optics Corporation
Kepler Prlmary error
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Surface Optics Corporation
Primary Mirro
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% Surface Opti_cs Corp_oration
Kepler Primary Mirror

METAL HIGH REFLECTORS (KEPLER)
1 1
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1a,0: / SIO, 4 LAYER AR
LLNL Completed on 5/27/10

AR on BK7 450 to 650nm
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o —
;.» NEW 4-5 Meter Diameterr Chamber

¢ Needed for Coating Larger Diameter Optical
Elements (Customer driven requirement)

¢ Multiple Depositions Platforms

1. Multiple Sources: E-beam; Thermal; lon
Assisted Deposition; Magnetron Sputtering;
Filtered Cathodic Arc

2. Desighed to increase useable deposition
area

3. Designed to increase deposition rate
4. Designed to coating uniformity
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s A low DC voltage-high
current supply Is used to
generate an arc on: a water
cooled target.

s [IN€E arc vapoerizes the target
materiallgenerating nigh
ENErgy IoNs, neutral atoms
andparticles.

s INEI0NS ale Steered by the
magneticandielectrical fields
mreughra curved duct:

o Parnticies andneutrals are
Hitered iy hmenen:line o=
SIghtpati:

The Filtered Cathodic Arc Process

49
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lon-Assisted-Deposition (IAD)

 [he plasma beam IS scanned at
the exit of the duct by an
electromagnet.

* |ons can be accelerated by a
substrate bias, permitting well
adhered coatings

o Deposition rate —~ 5 nm/s perinz
ferrcarbon

s Jheaddition efian End=Hall

10N SCUTCETOTHE ATC PIGCESS
positively:modifies the thin=film I
PrORERIESINCHLEASING a0 NESION

ald CONVERINGIthEe eEVaporation

matenal toran ioxide; nithide; etc:

s AMBPIENINIEMPERALUTNEDERBSILIONS



=C/—Freestanding 90° filter (A. Anders)

e

» Freestanding coll =
— High current reguired (e.g. arc current in Series)
— Openings allow macroparticles to leave tne filter volume

EHOMEASANC ETSy
SUIF Josgf
lechnol: 98 (1997)
156-167 51




Freestanding S-filter (A. Anders)

¢ Here: arc source IS operated with grapnite cathode
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lon-Assisted Filter Cathodic Arc
Deposition (IFCAD)
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=7—IFCAD: Front of Chamber with Control
- Panel




77— |FCAD; Metal Arc Source with IAD

.
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==7— |FCAD: Carbon Source Attac
Chamber




E!Hl? IFCAD: Carbon lon Beam Entering
Chamber

>y J K 4L L



IFCAD: Chamber with Door Open:
Drum View




Amorphous-DLC Properties

Hardness GPa 100 80 - 100 10 - 50 70 - 100
Density g/cm? 3.5 3.2—34 1.7 —2.2 3.0—3.3
Eriction Coeff. 0.1 0.1 (polished) 0.1 0.1
Eilm NIZA 3um Optically Optically
ROUQhNESS SMOOoth SMOOoth
Adhesion /A Ee)\) Vioderate High
ProCess i ee /A >1510/0) 20— 325 20) = 115)0)
Structure Erystalline Sp38Erystalline Sp3 AMOrPHoeUS AMOrpPhous
MOSH Y ISP2 MOStyISp3
REaCtiVENGaS /A YES YES None
IransTonmurceE /A >600 25)0) —¢15)0) >1510/0)
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Optical Performance

* A-DLC (single layer) exhibits a sharp cut-off in the UV

Transmission (%)

Wavelength (nm)

6]0)



IR Performance

Absorption

* A-DLC films are highly transparent in the long wavelength
region (1.5um to 20um) without any absorption peaks caused
by C-H bonds (no hydrogen required during deposition)

Wavenumber (cm-1)
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*Al;O0;
*Ta,0:
110,
sAlIN
TN
sIICN
*Cri\
sZIi\
Jfife
J@ N

Other IFCAD Materials

clear film of high hardness

optical coating material (2.1n)

high index optical coating material (>2.6 n)

purple decorative film

hard reddish gold wear: resistant film

dark gray and hard wearing

dullifgray. withilow coefficient ol friction

Prass colored ilmwItn ge0d COIGSIGN resistance
[ransparenticonaductive thin=film

matenialfexhibitingrextremehardnessi(potentally)
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T10,: Produced by Energetic
Processes (P. Martin)

S \\_ FAD (Bias -400 V)
3 : 0 N \‘;ﬁ :;\
-3 FAD (Bias 0 V)
> > Y
Q
oL T 1o Ty
= “Ion Plating..
-g 2.7 == e S
o] — a0
& 26 PICVD - g
| S 2
ua-,- ~— g
2.5 I ————
e IAD (1996)
2.4 <
‘Reactive Evaporation x
2.3 r

400 500 600 700 800

Wavelength (nm)
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= = 110, X-Ray Diffraction vs
o Voltage (P. Martin)

Substrate Bias
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Out-of-Plane, Double-Bend Filter

¢ Out-of-plane S-filter from Nanyang
Technical University

¢ Commercial version:

— Hard Disk Drives
— Reading Heads:

o Nanofilm Technoelegies
International Pte. Ltd.




Future Outlook for Space-Based
Deposition Technology

o | unar-Mars Proposal (January 14, 2004)

s Mloon used as a lemporary Stop for Voyages to Mars
o Lightwelght Deployable Structures for. Space Power,
s Space-Based Depositions for lLarge Area IElESCOPES
o [LUnarVacuums 5.0 X L0==orT:

o oW Earthr @rpit: Not:Suitanle for: Metal Eilm
[DEPGSILIONS

o (IFE@)FATOMIC OXyGENTEIUERCES 2.8 X 11022 at G M S/CIn 2

s lered Cath0dICATCH SIMpPIEeRPIeCESSHOHIg
@UalityAnnEEITMIBDERPOSITIGN
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Light-Weight Pulsed CA Source

Use of low voltage and inductive energy. storage

low-voltage
input

12-24 V input
from solar panel
bus system

micro-thruster

RULSSEDcathodiciarcicanireadilylbemimiatiurized foryexample

aS SmMIcrothrUsterR - usedtorcorrectithenrbitiorsatellites
67
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Weight Reduction of the Deposition System

low-voltage

<~ Weight of arc source, filter, and power
supply < 300 g (Y)
» Vacuum is “free”

., Cathodic arc does not need an




_‘!\, ZFuture Work on Space-Based FCAD
Technology

* No Free Lunch: the price of miniaturization IS
relatively slow deposition speed for. large areas.

o Robotic Control Design for In-Vacuum Large
Area lerrestrial Depositions—time ofideposItion
IS not a critical:

o [Design and lesting efiminiaturized FCA'SGUIrGCE
WIth ContinUEUS SeUrceE materal feeds Ieaming
WIth EBINIS T develop thistenabling technoeloegy,
OTUTURE SPACE MISSIGNS:

o NASATHEA anNeUNRCEM PIaNSIteISENG Man
MISSIGNS TOIHETAFSIGEGINTENMGONFTNIS
rechnoelegy couldiplayavital pantinith e tirerofr
SPACE EXPIGRANGN!
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Mars Laser Communicat
Demonstration Proj
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Mars Laser Communications

Demonstration Project
NASA 3 Meter Chamber 1550-1570nm
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Large Area Reflector on
_ Polymerlc Substrates .







—= Syrface Optics Corp: Future Work

¢ SOC Is continually developing coating capabilities
for.advanced optical coatings on temperature-
sensitive substrates and large scale optical
applications.

¢ Uniformity acress large area supstrates Is being
IMpPreved by upgrades in the computer. control
andithickness monitering system forthe
(ransiating/depoesition: platierm.

¢ PlansiterBulldianiEveniitargern Chambern (4-51meter)
Withimore Powerfultbepesition Capaniiity:
INCOPOANNGIECATandISpUttenng

» SOECISIWOrKINGLOIMProVveEhe pelymeEnc coating
PILOCESSHOINEWHIEXINIEISPACE POWENRSYSTEmS.
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Surface Optics Corp.

More information available at:
Aceoptics.com 2nc lonbeamoptics.com

Michael L. Fulton

R. “Sam" Dummer
Selumirnar@suriscaogtics.cors
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