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Modular Deposition System Goals and Scope

° Figure correction of large flat mirrors up to 1.5 m
° Figure correction of aspherical mirrors up to 1.5 m (metrology limited)
° Thin-film recoating and figure correction for dynamically bent K-B mirror systems
° Multilayer monochromators, energies from ~250eV up to 100’s keV
° Fabrication of 3-D graded multilayer optics for focusing and collimation
° Fabrication of fixed-geometry K-B mirrors
° Advanced multilayer optics and supermirrors such as
° Multilayer monochromators for high-energy (>30 keV) x-rays
o Supermirrors of x-ray energies up 100 keV (Depth-graded)
o Advanced high-aspect-ratio ML grating structures for interferometry and other spectroscopy with high energy
X-rays
° Low-stress multilayer coatings for nanofocusing KB mirrors

] Multilayer Laue lens R&D
- Grow thicker than the cathode limitation with cylindrical cathodes (Imm apertures or greater-film stress limited)
- Deposit “Jelly Roll” zone plates

= Deposit crystallographically-oriented thin films for user requirements
- lon beam deposition, lon Assisted Sputtering



Modular Deposition System Specifications

22 feet long, 16” dia. Main chamber size

Loadlocked

Five 3” dia. Round cathodes, three 250mm planar cathodes
In-vacuum direct drive brushless DC linear servo

Precision in-vacuum direct drive brushless linear DC motor
° Velocity stability better than 0.0025%
° Homing precision of 50nm or better
° Slope error ~1.5 mrad

~5x10-8 torr base pressure
Multi-gas capable for reactive sputtering
Reconfigurable deposition source ports for flexibility:
° Cylindrical (rotating) cathodes
° Atomic Absorption Flux Monitoring
° Dual ion-milling, both an RF-ICP 100mm vertical source and a 6mm focused DC mill
o In-situ surface measurement

° Ability to add automated ex-situ surface measurement with the same servo drive system (best method for mirror-
position registration)

° lon beam deposition
° Confocal ion-assisted sputtering (one target only)

° Dynamic Aperture slit masking apparatus
e  Marriage of deformable masking with velocity profiling

Mirrors up to 1.5 meters/ 80Kg
Substrate biasing (electrical signal lines available at the mirror)
Will sit in the OCR400 cleanroom on the experimental floor



Modular Deposition System Scope (Phase 1)

° Thin-film recoating for dynamically bent K-B mirror systems
° Multilayer monochromators (double or single)
° Fabrication of 1-D graded multilayer optics for focusing and collimation
° Advanced multilayer optics and supermirrors such as
° Multilayer monochromators
° Supermirrors of x-ray energies up 100 keV (Depth-graded)

° Advanced high-aspect-ratio ML grating structures for interferometry and other spectroscopy with high energy x-
rays

° Low-stress multilayer coatings for bendable nanofocusing KB mirrors
= Multilayer Laue lens R&D

40keV

01 | h””'um‘] {_\
I ilw‘”ll'llll]’ l1” ¥

0.001 |‘| f

0001

——

0001

0 0.1 0.2 Grazing incier;’teangle(deg) 0.4 0.5 0.6



Precision Linear Motion

In-vacuum brushless DC linear motor

Velocity error <0.0025%

Stage slope error ~1.5 urad rms over 4.5 meter travel length
10nm position resolution, +/-670nm PV accuracy

10nm homing resolution
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Deposition Sources

Five 75mm diameter round cathodes for routine
user coatings

Three 250 mm x 90 mm cathodes for multilayer
deposition

Flexible source accommodation
Cylindrical rotating cathodes shown

Factor of ~100 lower target
erosion rate

Larger magnets-lower
pressure/smoother films
Higher vertical uniformity
without masking
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Eliminating target erosion compensation with planar cathodes
- significant production rate gains



.
Cathode Selections
The new machine will be able to use any
combination of sources (MODULAR)

Feature:

Flexible
acceptance of
many deposition
sources

Considerations:
Higher strength magnetic field — lower discharge voltage
Target erosion-> growth rate change

Necessitates correction for ML
Node formation on targets

-Caused by chamber impurities




Can also be used for MLL

Status

- 105um thick deposition (AlI/WSi2)
- Routine RIE/FIB sectioning

e
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- Absolute layer placement is highly accurate

- Arbitrary number of layers possible (15,170 is current record)
- Zero roughness propagation

- Significant decrease in film stress
TXM DATA

Normal growth — stress defects Reactive growth — no defects

Latest Results:
Phase Reconstruction
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Reactive Sputtering Growth Rate

Why reactive sputtering? 2
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Multilayer Interface Engineering, Growth Dynamics

Diffusion
barrier _
layer
Si Si Si

Dr. F. Tichelaar, Delft University of Technology

Issues:

Material chemistry, intermixing

Extreme environments

Temperature, corrosion

Uses:

Polarizers, Analyzers
Narrow bandpass MLs
Conformal deposition
Highly-corrugated surfaces

Feature:
Multiple cathodes
or sources

Si

Inter-layer on Mo 4.
Inter-layer on Si<.

. diffusion barrier (B4C)
<« reflectivity enhancer (Y, Nb)

<+ reflectivity enhancer (Ru)

Si ™ diffusion barrier B4C, Si3N4

Yakshin, et al, SPIE 6517-17 (2007)
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Multilayer Interface Engineering, Growth Dynamics

Possible route:
Modulated ion-assisted deposition

Low energy leads to low intermixing
but high surface roughness

High ion energy leads to more
intermixing but lower surface
roughness.

Combine the two!

Requires magnetically guiding
secondary electrons to the sample

Feature:
Modulated negative
bias at the sample

(a) Single ion- (b) Modulated ion-
energy growth. energy assistance.

Atomic scale interface engineering by modulated
ion-assisted deposition applied to soft x-ray
multilayer optics

Fredrik Eriksson,"* Naureen Ghafoor,' Franz Schéfers,? Eric M. Gullikson,?
Samir Aouadi,* Susanne Rohde,® Lars Hultman,' and Jens Birch'

'Thin Film Physics Division, Department of Physics, Linkoping University, S-58183 Link&ping, Sweden



Thickness Gradient Control

Profile Deposition (or profile coating)
 Linear substrate motion with respect to source

« Sagittal thickness control via masks
« Uniform meridional thickness via constant velocity
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Thickness Gradient Control

Differential deposition (Slide from C. Morawe)
 Linear substrate motion with respect to source 2 dx

j— . — . m
 Meridional thickness control via speed variation t(XS) B J;R f (Xm XS) V(X )
- m

 Sagittal thickness tuning via masks
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Thickness Gradient Control - What’s the difference?

Differential Deposition
-Precision thickness-graded

meridional
multilayers i “
-Final phase correcting layer

sagittal | /

11

Mask
Source

Profile Coating

-Efficient figure changes meridional
-Universal masking technique

sagittal | k
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PrOfi le Coati ng Profile coating
Coat up to
22x10x2.5 cm
Two 3”7 ¢
sputtering guns

Direction of DC
substrate
translation

Pt-profiled KB on spherical Si
RMS figure error=0.5nm

Cylindrical x-ray mirror

T Average roughness=2.3 A
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Small deposition system (APS) dedicated to mirror fabrication S 4000- s aem _
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200mm Laterally-Graded ML KB

For 80 KeV focusing at NSLS
w/B,C, d=1.810 2.2 nm
Deposited with velocity profiling

Individual erosion rate
compensation
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200mm Laterally-Graded ML
Convolution -

Deposition Profile Profile vs. Velocity
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Modular Deposition System Impact (Phase 2)

° Figure correction of large flat mirrors up 1.5 m
° Figure correction of aspherical mirrors up 1.5 m (metrology limited)
° Thin-film recoating and figure correction for dynamically bent K-B mirror systems
o Multilayer monochromators
° Fabrication of 3-D graded multilayer optics for focusing and collimation
° Fabrication of fixed-geometry K-B mirrors
° Advanced multilayer optics and supermirrors such as
° Multilayer monochromators for high-energy (>30 keV) x-rays
° Supermirrors of x-ray energies up 100 keV (Depth-graded)
° Advanced high-aspect-ratio ML grating structures for interferometry and other spectroscopy with high energy x-
rays
o Three-dimensional multilayer structures for focusing, beam conditioning, and beam shaping.
° Low-stress multilayer coatings for nanofocusing KB mirrors

. Multilayer Laue lens R&D
- Grow thicker than the cathode limitation with cylindrical cathodes (Lmm apertures or greater-film stress limited)
- Deposit “Jelly Roll” zone plates

= Deposit crystallographically-oriented thin films for user requirements
- lon beam deposition, lon Assisted Sputtering



Phase 2

Dynamic Aperture Dual ion mills

one on a z-axis translator

In-situ
interferometer



lon Source Chamber

Sputtering

cathode for 100mm . 6mm focused
lon Assisted RFICP mil DC mill on z-axis
Sputtering translator

Focused ion mill
for ion beam
deposition

Target



RF-ICP 100mm broad-beam source

1102 J0I19NPUI 4Y

aqm) zueny

Product RFICP 100
Discharge Inductively couplad RFICP gridded ¥
RF Dizcharge Power (max) 200w IBISHrS
Beam current [max) =400mA
Voltage range 100-12000
Gases Inert (Ar,Xa, etc) & reactive (02, M2, others)
Typical flows 5-30sccm
lon optics (self-align) OptiBeam™
Beam size @ grids 10cm ® (typical) goacasmntabamn
Grids Molybdanum & Graphite
Beam Shape Collimated, convergent, divergent
Meutralizer Mon-immearsed
Height (rominal) 9.25" (23.5cm)
Diameter (nominal) 7.5257 (19.1cm)
Feedthrough
direct: 10" CF




KDC 10mm focused source

25

Focused lon Optics
20 /

Ta foil

KDC 10 ion source

2]

lon current density, ji, mA/cm?
=

Models KDC10
Discharge D magnetic

confinement
Filament cathodes One Collimated lon Optics
Anode voltage 0-100W VDC B
Ion optics OptiBeam '™
Grids Application
specific
Alignment Self-aligned 0
Beam size @ arid 1cm (typical) 0 ° 10 1 2
[Neutralizer (std) Filament nm
[Power controller KSC 1202
Dptions
Ion optics Collimated, Fig. 4-5 lon-beam profiles for focused and collimated two-grid graphite ion optics.
focused, The ion-beam current is 10 mA, the beam voltage is 600 V, the accel voltage is 90
defocused V, and the argon flow is 4 sccm.
Controller options 4 gas
channels,
recipe storage
Meutralizer Sidewinder or
LFN 2000
Mount Remote or
direct flange




lon-Beam Polishing with Various Noble Gases

Feature: oot ]

lon-Mill and os| j

Sputtering

ratio (%)

. gﬂ;:‘- =
Gas Speciles £ | . ,
S o o——B— b
Flexibility e 701 o
- L e B+ |
é 65| ###K#,o —o— exp. data (e) |
LY e calo; maximum (Y

20 40 60 80 100 120 140
atomic mass (a.u.)

(Ne, Ar, Kr, Xe)

CrossMark
JOURNAL OF APPLIED PHYSICS 112, 123502 (2012) @ ! ’

Influence of noble gas ion polishing species on extreme ultraviolet mirrors

A. J. R. van den Boogaard,"® E. Zoethout," I. A. Makhotkin," E. Louis," and F. Bijkerk'?

'FOM Dutch Institute for Fundamental Energy Research (DIFFER), P.O. Box 1207, NL-3430BRE Nieuwegein,
The Netherlands

*MESA+ Institute for Nanotechnology, University of Twente, P.O. Box 217, NL-7500AE Enschede,
The Netherlands



lon Milling

e 15 APS beamlines have identified

mirrors that would benefit from \ w” ==
figure correction i YT 11‘;?1{%1%,11

* Inexpensive alternative to complete 100 -50 0 50 100
mirror replacement

e Potential to utilize equipment for
other applications - 0 <o : 5 100

Mirror Length (mm)

10

-10
Central Line Profile (~3mm wide)

* In-situ metrology + ion milling offers
- ft , =8. i —1. -20
fast turn-around (1 week vs. 6 e oA e
months) and ability to utilize reactive 00 50 0 50 100
. Mirror Length (mm)
materials

KN
o

Height (nm)

N
(]

Example mirror figure correction courtesy ZEISS

Real challenges:

mirror surface measurement + mirror position targeting



In-situ UHV Mirror Figure Measurement

Basic idea:
Attach a Fizeau interferometer to a viewport, which is then attached to a bellows
Use autocollimator to track stage trajectory during stitching

Measurement of flats:
Tip-tilt on the interferometer is required
No reference sphere required

Measurement of aspheres:
Tip-tilt on the interferometer is required
Reference sphere required
May need to track angular alignment of Fizeau during stitching

source

Imaging
System

reference flat |

test flat | ]

The problem is the
vacuum window

Interferometer



Vacuum Window lIssues

Experiment by Jun Qian

Interference pattern

Interference pattern

Interference pattern




In-situ Fizeau Measurement

Pros:
Keeps the mirror under vacuum
Fast iteration rate
Ability to avoid oxidation (metals, etc)
Accurate registration between measurement and ion mills
Cons:
Cannot place the mirror in vertical deflection mode
Need to consider viewport deflection
Cannot use the instrument for normal metrology usage
Impact of barometric pressure variation in viewport: Fizeau Bellows
in Hy Barometric Pressure Pa
05 - — 1033
301~ — 1019
299 — 1013
2497 — 1006
285 — 949
293 d d h k h d k k h k h k k k h h h k 992

February0s 100 15 200 25 March 05 10 15 200 23 Bpdl 05 10 1% 20 24

Viewport radius of curvature
vs pressure and thickness

0.25" 0.5"
772.16 Torr 63.2m 1597 m
744.22 Torr 60.9m 1660 m

0.003835 Min




In-situ Surface Measurement
Using Interferometry

Pros Cons

 Keeps the mirror under * Must dedicate the
vacuum instrument

* No air turbulence * Viewport deflection &

internal stress

[]

* No humidity effects
* Fastiteration rate
* Avoid oxidation (metals, etc)

* Accurate registration between

measurement & ion mills {1/

Deflection at Atmosphere Deflection Under Vacuum

Radius=33 km Radius=1.46 km

UHV gimbal



B)

Measurements

Reference SUT
Flat

Reference SUT
Flat
A curved TF simulating
the VC window

"lrs 32

L SN

AT ——

= RMS=1.58 nm and PV=8.06 nm.
= Recent tests by Jun Qian indicate ~0.05 nm
repeatability with simulated UHV condition

*Wavelength tunable on-axis dynamic
interferometer (Not a Fizeau)




UHV Gimbal

Transmission flat supported by steel
band during measurement

Wheels engage to lift and then rotate
the t-flat for calibration

Both axes rotate on c-flex bearings
for zero backlash and drag




N
Alternative ex-situ design (Backup plan)

in-vacuum cart is
o - used ex-situ
’ e for best possible
position registration

Dual ion mills
one on a z-axis translator

Ex-situ Interferometer



Alternative automated ex-situ design (backup plan)

The in-vacuum rail and ex-situ stage use
identical encoder tape, and the read-head
on the cart is used for both.

2"d gate valve for auto
measurement

Fizeau

Mirror
Stage

Autocollimator (measure
and compensate for stage
trajectory)



Alternative automated ex-situ design
What’s required of the “base system”?

A spool piece

1 spring-loaded car
stop (not shown)

1 set of extra car rails
for the ex-situ table
(also not shown)



Ta foil

Differential profiling can be o 10ion s
used for ion milling

RF required for processes involving insulating materials/gases
Filamentless — source lasts for a very long time between "j 455 -
rebuilds ArY
. . ; s 1 1
Mo optics for reactive gases (02, H2, N2, + exotics, SF6, = &
LI il
C4F8, etc...) mEt | AoEEEn B
11N /}r'l:
10 . velpcity profile . . m aEn - y- "
| ‘ — start guess v
|| ‘ — chisqg fit result
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Deterministic Deposition/ lon Beam Figuring

lll i,lli\l'Adatomsl'llq,q,\Llll\L

(a) Glass

Actuated Baffles

y lll '°"sw¢llw W Wl
N Glass \/—\/_

(b)

y lons A\fﬁtoms iney
WPV ) WL
(c) Glass Deposition (Magnetron Cal thode) ‘,”' AN

or pe
lon (lon Gun) Source

y lll IonstllN \ W

d Gl i i
() EEERTeD lon source or sputtering source

Surface correction techniques: (a) inside a chimney with dynamic

differential deposition, (b) ion- apertures
beam figuring, (c) combination, (d)
ion-beam figuring of over-coating.



\ _____________________________________
Conformal Coatings-Extreme Figure ML Mirrors
* Mini-Montel ML mirrors: * Single-reflection toroid mirrors:

. Convert divergent beam from a target into a parallel
beam

Montel
multilayer
mirrors

Si (220)

CDS analyzer

= One multi-crystal analyzer per edge

=  Flat crystal technology and expertise sufficient £ - \
= Incident side optics proven, in existence g : '
=  Performance dependent on collimating Montel mirror

Slide from DOE Lehman CD-2 Review of the APS Upgrade Project 4-6 December 2012

Challenge: (Ignoring the difficult substrate) Graded-d ML within the interior of the steep concave surface.
Requires flux change in both axes simultaneously, and off-normal growth + low roughness.

Solutions? -Differential Deposition and simultaneous controllable slit aperture (perhaps)

True three-dimensional flux gradients may be possible!



Dynamic Aperture

Currently, transverse thin-film/ion milling profile is defined by a static aperture

Flux gradients possible along both X and Y axes
For figure correction or 3-dimensional multilayer profiles

Brushless DC micromotors
and other miniature components for
a 5mm wide finger array




Modular Deposition System Considerations
-Feedthroughs! Lots of feedthroughs! (and space)




Dynamic Aperture/Actuated Baffle Desigh Underway




In-situ deposition flux density monitoring

Atomic Absorption Spectroscopy

Beam splitter

HCL®

Reference
Channel

2

I ccd ISpectmmeter

Emitting
fiber optics

Atoméc Z Number vs lonization Energy
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Sampling channel

PID loop

Evaporation source

power supply

APL 2014, Du, Et. Al.

5. OPTICS DEVICES FOR LIGHT SOURCE FACILITIES

Maximum Phase | Award Amount: $150,000

Maximum Phase Il Award Amount: $1,000,000

Accepting SBIR Phase | Applications: YES

Accepting SBIR Fast-Track Applications: YES

Accepting STTR Phase | Applications: YES

Accepting STTR Fast-Track Applications: YES

a. Advanced In Situ Thin Film Growth Monitors

The Office of Basic Energy Sciences, within the DOE’s Office of Science, is responsible for current and
future synchrotron radiation light sources, free electron lasers, and spallation neutron source user facilities.
This topic seeks the development of x-ray optics devices to support the light source user facilities.

Grant applications are sought in the following subtopics:
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The End




March 2013 DOE Optics Workshop

Thin Film Summary (Four bullets, no particular order)
*R&D on damage origins, mitigation, recovery, and long lifetime of
coatings is crucial.

Comprehensive investigation of the physics of thin-film growth, interfaces
and atomistic modeling is necessary to advance performance of all thin-
film optics, including structured coatings, ultra short d-spacing multilayers,
gratings, Laue lenses etc.

*Multilayer Laue lens research, including stress reduction, larger
thicknesses, manual thinning, focused ion-beam milling, and mounting
needs to continue and the results of this effort will be applicable towards
other thick or diffractive multilayer optics.

Investigation of methods for 3-dimensional multilayer deposition on
highly profiled surfaces will enable new science (such as IXS and small
angle scattering).



Focusing/Collimating Multilayer Mirrors
Three basic types
-Depth periodic, laterally graded

Highest integrated reflectance for single energy

-Depth graded, laterally uniform

Lowest integrated reflectance for single energy
Allows wavelength changes w/o optics adjustments

-Depth graded + laterally graded

Can be matched to source
Slight energy tunability w/o flux loss

Advanced Photon Source, Argonne National Laboratory

b

0.1

0.0001

0.00001

40keV

i |vl |

0

0.1

0.2 Grazing indld®nce angle (08¢} 0.5

0.6

49



Argonne°

NATIONAL LABORATORY

Double thickness gradient multilayer calculations

Coded entirely by Ken Lauer

The below graph is layer thickness through the stack, but only at the center position of the mirror.
The materials are W/B4C
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“Supermirror” Design — both lateral and depth gradients
Figure of merit — highest integrated reflectivity across the entire stack

Genetic evolution algorithm

Reflectance vs. energy at the central point in the mirror for 5 different stacks.

1o0f 7

09}

0.8}

0.7}

05F

0.4

03}

06| |

double grad 39.1kev-O/base -
double grad 39.1kev-1/base -
double grad 39.1kev-2/base -
double grad 39.1kev-3/base -
double grad 39.1kev-4/base -

742.08848101 (0.693540636458%)
0.0 (nan%)

897.750238869 (0.78406134399%)
963.467206869 (0.773869242465%)
867.085877106 (0.750723703122%)

39000

39500 20000




5
Reflectance vs. angle for the central energy (39.1KeV).

3.973 mrad f=1.06782669512
4.0184 mrad f=1.05359315387
4.0638 mrad f=1.03966146381
4.1092 mrad f=1.02610531889
4.1546 mrad f=1.01296605851
4.2 mrad f=1.00025266745

4.2 mrad f=1.00025266745
4.2454 mrad f=0.987941775935
4.2908 mrad f=0.975977659598
4.3362 mrad f=0.964272239495
4.3816 mrad f=0.952705082101




Multilayer Optimization Algorithms

What is missing/What needs more work?
-Extensive deposition process modeling
-Experimental verification

-Investigation of new deposition techniques
-Environment modification

IBS growth — change in energy

-Explore new materials altered mobility + performance
-Flux collimation Y
-Geometry 0.30 [_1700eV
. 025 os e 2

What would Benefit g os & I
-Narrow-BP MLs 5 °% E:a [
-Gratings/structured coatings O
-MLs in extreme environments % Y

-Cryo-cooled MLM 0.10 walongtnm 0' 1
-Interface engineering 000
...The entire field! 5, - ‘ 3

ﬂm L) —I3 I v I._' T |TIl ML m

ML
40 35 30 25 20 15 10 5 0 B
diffraction angle, degrees

Conformal growth of Mo/Si multilayers on grating substrates using
collimated ion beam sputtering

D. L. Voronov, ') P. Gawlitza,? R. Cambie," S. Dhuey,’ E. M. Gullikson," T. Warwick,’

S. Braun,” V. V. Yashchuk," and H. A. Padmore'

'Lawrence Berkeley National Laboratory, 1 Cyclotron Road, Berkeley, California 94720, USA
*Fraunhofer Institute for Material and Beam Technology, Winterbergstrafie 28, 01277 Dresden, Germany



Thin Film Damage
Thin-films often have very different
properties from the bulk
Peak power, environment
Radiation damage, thermal damage
Chemical excitation

Corrosion barriers enable use of Mg-based
multilayer coatings in x-ray laser
applications and in solar physics telescopes

Cross-sectional TEM image (topmost layers)
of corrosion-resistant Mg/SiC multilayer

Corrosion
barrier

101, 043111 (2012).

R. Soufli, et al, App. Phys. Lett.

SEM images of SiC film exposed to single LCLS FEL
pulses at 0.83 keV and peak fluences of (a) 1.0,
(b) 1.6, (c) 2.9, (d) 5.8, (e) 14.8, and (f) 57.5 J/cm?2.

10 pm (b 10 pm

8 ial

10 um

S. P. Hau-Riege et al, Opt. Express 18,
23933-23938 (2010).




N
Another Issue: Coherence Preservation

Quantitatively characterize and ultimately control wavefront disturbances
introduced by optic elements (mirrors, multilayers, focusing devices, windows)

CCD detector

CCD detector

Eoron/Tungsten
fiber

*400 bilayers of WSi, and Si
*WSi2 =7.2 A, Si = 30.8A
*Roughness~2.5 A

Conley
et. al,
SPIE
6705,
670505
2007.

Effect of a WSi,/Si ML on the fringes created by a well-defined object (100um diameter B fiber)
A. Fluerasu, L. Berman, R. Conley, A. Snigirev

b



Worldwide MLL efforts

Three groups: German, Japanese, and
Chinese

TABLE (1). Parameters of MLLs for KB configuration.

MLL-1 MLL-2
Layer Thickness (nm) 85~114 73~98
Total Thickness (um) 6.6 56
No. of Layers 670 670
Focal Length @ 20 keV (mm) 9.5 6.3

¢ =4 %N \ g
8 10 12 14 0 1 2 3
X (um) 200 nm L&S X (um)

Development of Multilayer Laue Lenses; (1) Linear Type

T. Koyama®, H. Takenaka®, S. Ichimaru®, T. Ohchi’,
T. Tsuji*, H. Takano®, and Y. Kagoshima®

“Graduate School of Material Science, University of Hvogo, 3-2-1 Koute, Kamigori, Ake, Hyvogo 678-1297, Japan
®NTT Advanced Technology Corporation, 3-1 Morinosato Wakamiva, Atsugi, Kanagawa 243-0124, Japan

W/Si or Ti/ZrO2 PLD, 400nm thick.

2.5 um

AIP ADVANCES 2, 012175 (2012)

A combined Kirkpatrick-Baez mirror and multilayer lens for
sub-10 nm x-ray focusing

A. Ruhlandt,’ T. Liese,? V. Radisch,? S. P. Kriiger,' M. Osterhoff,! K.

Giewekemeyer,' H. U. Krebs,? and T. Salditt' 2
!Institut fitr Rointgenphysik, Universitat Gottingen, Friedrich-Hund-Plaiz 1, 37077 Gattingen,
Germany



Jelly-Roll Multilayer Zone Plates
Hard X-ray microbeam experiments with a

a = sputtered-sliced Fresnel zone plate and its

Wire ‘
core ”‘ applications

Multilayer Sub-5 nm hard x-ray point focusing by a
deposition I(MOS"JS') combined Kirkpatrick-Baez mirror and N. Kamijo,®* Y. Suzuki,® M. Awaji.® A. Takeuchi,”
multilayer zone plate H. Takano,” T. Ninomiya,® S. Tamura®™ and

M. Yasumoto®®

F. Disring,' A.L. Robisch,? C. Eberl,! M. Osterhoff,

A. Ruhlandt,” T. Lim,’ E Schlenkrith,' S. Hoffmann,
M. Bartels,” T. Salditt,” and H.U. Knbs" JSR 2002

c1 ! nstitur fiir L Gidittingen, Fi Hi Plarz 1,
Se Ionlng' l 1?0}'? M{mmr Germany
H i 2 tnstitut fiir R hysik, L itdit Gintingen, Friedrich-Hund-Plarz I, —
————————— - =
pOhSh'ng & * Zone 37077 Gitingen, Germany (a) =———Ad,=025um

thinning = —

width * krebs @ ump. gwdg.de P
e
—

Zone
thicknass

]

Horizontal Scan

g1 Dorizontal wertical e = E=124keV
E 43 nm 4.7 nm E
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Advanced Photon Source, Argonne National Laboratory
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Summary

Some needs for thin-film based optics at APS met currently

All needs for thin-film based optics at APS will be met soon, given minor metrology
equipment upgrades

New deposition equipment, existing staff expertise puts APS at the forefront for the
foreseeable future

The APS upgrade only puts further emphasis on existing R&D topics

APS contributes to the synchrotron community with optics, and expertise

Advanced Photon Source, Argonne National Laboratory
58

b



Metrology equipment

1.5 KW maximum power

E =8.048 keV (CuKa,)

Ge <111> symmetrically-cut monochromator
5 slit sets

Custom sample-tilt stage

Essential tool for multilayer fabrication

DekTak 8 M-44
Stylus Profiler Ellipsometer

And...

WYKO interferometer

AFM

MicroXAM Michelson interferometer
KSA MOS in-situ stress monitor
SEM, EDX available at CNM

New APS LTP

1BM



APS Thin Film Laboratories-

Current Coating systems

Profile coating

Coatup to
22x10x2.5 cm

Two 3”7 ¢
sputtering
guns

DC only

General purpose

Coat up 150x15x14 cm
Four 3” ¢ Sputtering guns
DC & RF

Two evaporators, one ion
mill

Three cryopumps —

base pressure < 1x108 Torr

Specialty multilayers & MLL

Coat up 12x5x4 cm

Two 3” dia. and two 2"x6” sputtering guns
At present, DC only

One cryopump —

base pressure < 3x10° Torr




Existing Large Deposition System

Delivered 1000’s of coatings over nearly 20 years!!!
-Cryopumped, with fixed upstream gas flow control.
-Currently, four 3" dia. round MAK cathodes.

—  Sputter up (debris disruption for long depositions)
10 to 15 year old gas delivery and monitoring (prone to
drift)
Cable-based linear translation stage which is intrinsically
unstable and unreliable.
Single-process gas system.

-The machine is adequate for some (large d-spacing
multilayer deposition, certain thick coatings, flat MLL
deposition, and metallization of large mirrors.

-No velocity profiling, data logging, etc.



Where will we be soon?

Goals
=  Support all coating needs for the APS community. Support other laboratories and SR facilities

— Precision multilayers up to ~1.5 meters long

Position on area detector ——————+

— Profile coated KB micro and nanofocusing mirrors
— Mirror metallization, user science sample coatings
— Figure correction with in-situ metrology and ion beam figuring

— Existing, long term collaborations with all USA lightsources
e LNLS, NIF and other high-energy laser labs

Rocking Angle s

— Use 1BM for more diverse investigation

A 4

=  Contribute to the x-ray optics scientific community

=  Explore R&D topics highlighted by DOE Funding Agency

1BM MLL Characterization

DOE Optics Workshop Thin Film R&D Directions:
*R&D on damage origins, mitigation, recovery, and long lifetime of coatings is crucial.

eComprehensive investigation of the physics of thin-film growth, interfaces and atomistic modeling is necessary to advance performance
of all thin-film optics, including structured coatings, ultra short d-spacing multilayers, gratings, Laue lenses etc.

eMultilayer Laue lens research, including stress reduction, larger thicknesses, manual thinning, focused ion-beam milling, and mounting
needs to continue and the results of this effort will be applicable towards other thick or diffractive multilayer optics.

e|nvestigation of methods for 3-dimensional multilayer deposition on highly profiled surfaces will enable new science (such as IXS and
small angle scattering).

Y
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