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Outline

* Motivation
— The ALS-U project
e Overview of NEG coating R&D ]
arge lon

— Samples Pump
ALS vacuum system

— NEG coating tools

- Pumplng measurement
3@ DLSR Workshop SLAC 2013: Accelerator Session Close-Out Report: Vacuum

* Resul
e S u t « In-situ bake out / activation procedures:
« Minimum gap needed between chamber and magnet poles.
P u m p | n g « Chamber heating methods, how to apply thin radiation resistant heat films.

NEG Coatings:
« Coating very narrow gap and small <10 mm chambers.
— P S D «  Surface roughness
« Photon extraction ports:
« Coating key hole geometry is challenging.
.  Fabrication methods compatibility with coating processes.
- S E M « Coating development in industry. Very limited industrial capability — a possible risk.
NEG impedance might become a problem for very short bunches.
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ALS-U Project: Motivation — Lower Emittance &

H ig h e r B rig ht n e S S Storage Ring Parameters Value

Electron energy 2.0 GeV
ALS today : triple-bend achromat ALS-U: nine-bend achromat with reverse  ayerage current 500mA
bends
Bunch Length (FWHM) 110 ps
Total lifetime >0.5h
Circumference 196.510 m

ALS-U COSMIC, EPU 38mm, 2m, 11 mm
=== ALS-U MAESTRO, EPU 70 mm, 1.85m, 12.5mm
== ALS-U Tender: IVU 19 mm, 4 m, 4 mm

=

Q
N
M

<‘—ALS-U Flexon: EPU 38 mm, 4 m, 8.5 nm

1021 L

1020 L

1
Position (m)

£~ 2000 pm rad at 1.9GeV £ < 71 pm-rad at 2.0GeV

Brightness [Ph/sec 0.1% BW mm 2 mradZ]

Large increase in coherent fraction due to lower emittance and smaller B-functions
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Enabling new science frontiers

Quantum Materials (MAESTRO)

Coherent Scattering and Microscopy (COSMIC)
Calibration, Optics Testing, Spectroscopy
Magnetic Spectroscopy / Materials Science
Full-Field Transmission Soft X-Ray Microscopy

¢, and Chemical $ AMBER

Polymer STXM

STXM

Research and Development
Macromolecular Crystallography (BCSB)
Macromolecular Crystallography (BCSB)
Macromolecular Crystallography (BCSB)
Macromolecular Crystallography (MBC)
High-Resolution Spectroscopy (MERLIN)
Magnetic Spectroscopy and Scattering
General X-Ray Testing Station

X-Ray Footprinting

National Center for X-Ray Tomography
Macromolecular Crystallography (GEMINI)
IR Imaging and Tomography

IR Spectromicroscopy

7.0.2
701
6.3.2
6.3.1
6.1.2

53.2.2
5321
531
5.0.3
5.0.2
5.0.1
422
4.0.3
4.0.2
3.3.2
321
21

24
14
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Loy, by >

Booster
Ring

Operational — — Under Development

Superbend
Beamlines

Insertion Device
Beamlines

Bend Magnet

Beamlines
42018

7.31
733
8.0.1
8.2.1
8.2.2
8.3.1
8.3.2
9.0
9.3.1
9.3.2
10.0.1
10.3.1
10.3.2
11.0.1
11.0.2
1132
12.0.1
12.0.2
1221
12.2.2
1231
12.3.2

Tender

High-Pressure In Situ Soft X-Ray Spectroscopy
SAXS/WAXS/GISAXS

Surface and Materials Science (RIXS)
Macromolecular Crystallography (BCSB/HHMI)
Macromolecular Crystallography (BCSB/HHMI)
Macromolecular Crystallography (TomAlberTron)
Tomography (micro-CT)

Chemical Transformations

Tender X-Ray Spectroscopy

Ambient-Pressure Soft X-Ray Spectroscopy
ARPES, SpinARPES

X-Ray Fluorescence Microprobe

Hard X-Ray Microprobe

PEEM3/Resonant Soft X-Ray Scattering
Molecular Environmental Science

EUV Lithography Photomask Imaging (SHARP)
EUV Lithography Nanopatterning (MET/METS5)
Coherent X-Ray Scattering

Small-Molecule Crystallography

Diffraction Under Non-Ambient Conditions
SIBYLS—MX and SAXS

Microdiffraction

Quantum Materials
Research & Discovery

Multiscale Structure &
Dynamics

Chemical
Transformations

Earth, Environment &
Biological Systems

Instrumentation
Science

40 beamlines
2,100+ users/year

950+ pubs/year
20% in high-impact
journals
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=

~ Reuse: Existing LINAG,
Replace: 3 bend storage ring Booster &

with a 9 bend storage ring Conventional facilities

Reuse: Existing ~40 photon

beamlines
Add: 3 New flagship Add: New accumulator ring +
beamlines Transfer line

5
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Vacuum Chamber Designs

* Broad array of vacuum
chambers and
components

* Majority of the chambers
are NEG coated

VC15

VC10
* VC13

IPAC | MC701]| 14 June, 2022
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Vacuum chamber apertures . 1 Arc Sector
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NEG Coating Development Objective

CERN, 2000s

 Demonstrate current NEG coating technology is
applicable to ALS-U relevant chambers

* Explore/develop industry and research
capability and partnerships — SOLEIL, STFC, ESRF, < soiei 2050

SAES, FMB
 Develop in-house NEG coating capability

MAX-1V, SIRIUS, 2010s 20mm

ALS-U, 2020s

ESRF chamber CV5073 (L=5073 mm, 11 mm x 74 mm)

SIRIUS

=S |= N R N
6

R. Kersevan, Proc. EPAC-2000 Conference, Vienna, June 2000, page

2289-2291, available at
4l httpHaccelcont.web.cern.ch/accelconf/e00/PAPERS/THP5B11.pdf.
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NEG Coating Systems

Lab size systems: 2016 to 2018

* Ultra pure Ar gas

* Permanent magnet
and electromagnet
solenoids

* Ti,ZV twisted wire
(0.2 -2mm thick)

* Coating at 100°C

* Base pressure 5e-10
Torr

My * Continuous gas flow
@ - Typically 12hr for
coating 1 micron

* Silicon sample

e Standard UHV

cleaning

Samples: 0.5m long, 6mm & 9mm ID =5 ; _' fiirim

Cu tubes

& BERKELEY LAB | &5 ALS-U

Production size systems: 2019 to now

Vo
|

4m long narrow NEG
coating rig

NEG coating rig

IPAC | MC701] 14™ June, 2022 | 9



Complex Shape Chamber NEG coating Trials

Keyhole chamber NEG coating setup Keyhole chamber NEG coated in industry

.
i R

e

i BERKELEY LAB | YOy ALS-U IPAC | MC701| 14" June, 2022 | 10




Pumping test system

1.0E+04

dP,/dP, . =1083
Sticking = 0.015 ™ L
| |
dP,/dP.,s =480 Co \‘l!——————-------: 1.0E+03
Sticking =0.008 | . iF ) 1

Turbo
Pump

NEG Coated

Sample tube

Vi

Gauge P2

&)

va

Bellow
J ]I |

Variable Leak
Valve

Latin ]

. !’q{%%l‘_&@

Non-coated
Sample tube

- ]
¥’ ik
= | 10E+02 E
(] ; : 1 %
[ u
- i ! o
L o -
& . ' + LOE+01
1 i
i ]
iR ]
. b
[ | 1 L uaT L L L 1.0E+00
1.0E-05 1.0E-04 1.0E-03 1.0E-02 1.0e-01 1.0E+00

Sticking coefficient

CERN Data based on 60mm ID tubes,

Figure 2: Monte Carlo simulations results for a 1 m long
NEG-coated tube of 21 mm inside diameter.
NEG THIN FILM COATING DEVELOPMENT FOR THE MAX IV
VACUUM SYSTEM
S. Calatroni, P. Chiggiato, P. Costa Pinto, M. Taborelli, CERN, Geneva, Switzerland

M. Grabski®, J. Ahlbéck, E. Al-Dmour, P. Fernandes Tavares, MAX IV Laboratory, Lund
University, 22100 Lund, Sweden

BERKELEY LAB | {§ ALS-U

H, co N, CH,
Maximum sticking smooth 8x107 0.7 1.5x102
probability rough 3x10° 0.9 3.0x107
Surface capacity smooth 8x10™ 1.5x107
[molecules cm’] rough 8x10” 1.5x10"
Electron stimulated §
desorption yields _el?i[‘gll . % & s
[molecules per energy =300 eV 2x10 1x10 Sx10°
z negligible dose
I electron] =
Ec=194 eV [51]
Photon stimulated negligible dose, 3x10° <2x10°* <3x10°*
desorption yields normal incidence
[molecules per Ec=4.5KeV [41,42]
impinging photon] 10” phm™ 1.5x10° <10° 2x107
10 mrad incidence

Tab.1: Summary of the some functional properties of Ti-Zr-V film coatings. Pumping speed and gas
capacity are referred to film coated at 100°C (smooth) and 250°C (rough). Electron and photon desorption
vields are reported only for smooth films. Pumping speed and gas capacity can be improved by increasing
the substrate roughness.

\\ f (Y -h‘.
| L

H2 CO
V2

Activation: 240°C for 12 hrs
Pumping test: Throughput
MCTP simulations used to determine

corresponding sticking coefficient to
measured Py,/Py,

Test carried out using CO & H2

IPAC | MC701]| 14 June, 2022 11



Pumping performance

9mm ID and 500mm long NEG Coating CO Pumping Capacity

® CERN

+ LBNL_rig2-24

= LBNL_rigl-3

* Vendorl 9mm
ESRF-3

——

e

Stciking Coefficient

\

10605
€O Surface Coverage

Factor that impact pumping performance

* Substrate temperature

e Cathode voltage

* Plasma power or deposition rate
* Initial base pressure

* Coating pressure

* TubelD

B BERKELEY LAB | G5 ALS-U

Sticking Coefficient

6.2mm ID and 500mm long NEG coating CO pumping capacity

108500

* NEG wire contamination content
* Moving magnets vs full length solenoid ,

Gas purity
e DC power vs pulsed-DC power
* NEG wire degassing

* Substrate roughness

® CERN
- B53_10-10
. = rigl-8
= Vendorl 6mm
ESFR-1
© ESRF-2

CO Surface Coverage

Findings

Sample H2 Sticking CO Sticking | CO Capacity
Coeff. Coeff.

CERN 0.007 0.7 8e-14

Benchmark [molecules/cm]

LBL 6 mm 0.007 0.03 Comparable to
CERN

LBL 9 mm 0.007 0.25 Comparable to
CERN

Vendorl 6 mm 0.0025 0.003 low

Vendorl 9 mm 0.0065 0.015 low

ESRF 6 mm 0.003 0.004 low

ESRF 9 mm 0.005 0.01 low

Vendor2 10 mm | 0.005 0.0015 poor

6mm — aspect ration rules out

externally

9mm samples consistently performs better than

* In-house coated sample out performs those sourced

* Vendor and other labs struggle with coating 6mm.
Some declined

IPAC | MC701]| 14 June, 2022 12




Pumping comparison at SOLEIL

SOLEIL

SYNCHROTRON
10000 T
|
|
|
1 1
| | | DN6 -500 mm
I U (> G T
Ao ! \\i\
\
DN20 —1m "s
1000 s :‘ Eoy
1 - =i
P1/ P2 | DN10-200 mm | | § x
J’ 1 NS | 1 1
| { 1 & =
— b ”
t t | 1 U<y
: X
a ‘ :%Q i ALs-u‘s))‘
coeff. I | | gl
collage 1
100 t b
] DN10-500 mm
1 |
—+—"SOLEIL type”_ DN10_INOX_200mm_19Fev20 1e ACTIVATION 200°C/24h 3' |
+-50LEIL type” DN10_INOX_200mm_19Janv21 3e ACTIVATION 250°C/4gh b
—+“SOLEIL type” DN10_INOX_200mm_25Janv21 de ACTIVATION 200°C/24h ¢
SOLEIL_DN20_INOX_1m_30_sept21 (CO2) 1e ACTIV 230°C/24h i
+~ALS_Sol_DN10_INOX_S00m_11_oct21 (CO2) 1e ACTIV 230°C/24h |
—+—ALS_Sol_DN6_INOX_500m_12_nov21 (CO2) 1e ACTIV 230°C/24h 1
10 1 L1 l INEEEINIE Ll
1,0E-09 1,0E-08 1,0E-07 1,0E-06 1,0E-05 1,0E-04 1,0E-03
2 —— nbre molécules
mbar.l/cm 1mbar.l ~ 2,5 e19 molécules
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coated at 100°C ==

2
[molecules em™]

=rC
e

Pumping speed and surface capacity of TiZrV. (activation 24h@230°C)

coated at 300°C- "=

— >
~— » — . —
— T—- — -

1013 1014 1015 1016
|
10°F T T s B
8 co i
g 10 : 2= E Ng 10° ,H
- v ) i K F i ! S
— EQ‘*n 2 - = hamed L T
3 0 = g = 3 10k — Al =
- o va
& i H & E N S5 T
@ H 3, X L5 o
g - N - %
s 107 ! ! e J E 107°%
£ : : H = a
10— ; ¢ - - b 10 {
107 10® 107 10° 10° 107 10°® 10° 10 10

CO surface coverage [Torr { cm'z]

CO surface coverage [Torr { cm‘z]

CERN-TS-2006-001(MME); Ti-Zr-V non-evaporable getter films: from development

to large scale production for the Large Hadron Collider.
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PSD Measurement at SOLEIL

PSD Beamline on D08-1 photon exit o

WLEIL
S s Pe i DN63_Inox
T [mbar] avant activation
Photons beam l C s DN20_fu —
from D08-1  Moveable Q [mbar.s] 2 avant actiyation “\"‘\.\
> ‘ dlaphragms 1,06-02 Activation DN63

(gas load)

=

A
L X = X b d— Activation DN20
h A 5 N v ¥ = avant activtion
- v v = = TEST 5 ishes)
— =
] / \ : : Chamber g T 1,06-03 DN10_Cu Activation DN10
3 8 e
@» o avant factivation
SIP SIp \ $3 acth B l
[=8
- N
3 . \ o o E E
a3
L] il L Ll L] Ll L L e
) ' cE ;\o‘
x 1,06-04 S|
3 "\
©
= \
\ S
\ prés activation
)

1,0E-05 \_\ Aq

PN20_Cu
apres activation

1,0E-06
1,0E+18 1,0E+19 1,0£+20 1,0E+21 1,0E+22 1,0£423 1,0£+24 1,0E+25

Dose [photon.m™]

~ Pa
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SEM Analysis of NEG film morphology

N,

T
W,

Aoy
/A

By

Mag= 8A7KX  EHT= 500KV
— Pixel Size = 13.67 nm WD = 5.3 mm

Signal A = InLens Date :11 Mar 2022
Photo No. = 8121 Time :15:37:32

D

Mag = 14.65 KX EHT = 5.00
Pixel Size =7.622nm WD = 5.3 mm
QUK 7

AB

Photo No. = 8122 Time :15:40:08

S ALS-U

Ti,ZV

T=120°

7
<X EHT = 5.00kV
)68 nm WD = 6.1 mm

4/

Signal A =InLens Date ;15 Dec 2021
Photo No. = 7838 Time :15:53:04

recrystallized grain structure

fine-grained,
nanocrystalline,
with preferred

orientation

" t*
region not
accessible

0.1

~

porous,

tapered crystallites

separated by voids,
tensile stress

densly packed 1
fibrous grains

transition from tensile (low E*) to

compressive stress (high £*) line separating

net deposition
region of possible region not E* and net etching

low-temperture accessible
low-energy ion-assisted

epitaxial growth dense film,

reduction of deposition by sputtering
A.Anders, A structure zone diagram including plasma-based
deposition and ion etching, Thin Solid Films, 2009

SEM samples
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Summary

* NEG coating technology for narrow vacuum chambers
demonstrated down to 6mm inner diameter round
chambers

e Extensive vacuum testing performed to optimize pumping
performance

* NEG coating pumping and PSD performance for narrow
aperture chambers are comparable to larger chambers
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