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– NEG coating tools
– Pumping measurement
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– SEM
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ALS-U Project: Motivation – Lower Emittance & 
Higher Brightness
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ALS-U: nine-bend achromat with reverse 
bends

ALS today : triple-bend achromat

εx ≈  2000 pm-rad at 1.9GeV εx < 70 pm-rad at 2.0GeV
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Large increase in coherent fraction due to lower emittance and smaller β-functions
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Storage Ring Parameters Value

Electron energy 2.0 GeV

Average current 500mA

Bunch Length (FWHM) 110 ps

Total lifetime >0.5h

Circumference 196.510 m



Enabling new science frontiers
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Infrared HardTenderSoftVUV

• 40 beamlines
• 2,100+ users/year
• 950+ pubs/year
• 20% in high-impact 

journals

Quantum Materials 
Research & Discovery

Multiscale Structure & 
Dynamics

Chemical 
Transformations

Earth, Environment & 
Biological Systems

Instrumentation 
Science



ALS-U Accelerator Systems Complex
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Reuse: Existing ~40 photon 
beamlines
Add: 3 New flagship 
beamlines

Replace: 3 bend storage ring 
with a 9 bend storage ring
Add: New accumulator ring + 
Transfer line

Reuse: Existing LINAC, 
Booster & 
Conventional facilities



Vacuum Chamber Designs
• Broad array of vacuum 

chambers and 
components

• Majority of the chambers 
are NEG coated

Stainless Steel Chamber
Keyhole & HHL Chamber

Crotch Chambers

VC01

VC16

VC02
VC03

VC05

VC08

VC11

VC15

VC10

VC04 VC12

Beam Egress Chamber

VC06 and VC09

VC07

VC13

RF Bellows
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Vacuum chamber apertures
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NEG Coating Development Objective

8IPAC | MC701| 14th June, 2022

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

• Explore/develop industry and research 
capability and partnerships – SOLEIL, STFC, ESRF, 
SAES, FMB 

• Develop in-house NEG coating capability
SIRIUS MAX-IV

CERN, 2000s

MAX-IV, SIRIUS, 2010s

ALS-U, SOLEIL, 2020s 10mm

20mm

60mm

ALS-U, 2020s 6mm



NEG Coating Systems
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2m long X 300mm wide 
NEG coating rig

Lab size systems: 2016 to 2018

Production size systems: 2019 to now

Samples: 0.5m long, 6mm & 9mm ID 
Cu tubes

• Ultra pure Ar gas
• Permanent magnet 

and electromagnet 
solenoids

• Ti,Z,V twisted wire 
(0.2 -2mm thick)

• Coating at 100oC
• Base pressure 5e-10 

Torr
• Continuous gas flow
• Typically 12hr for 

coating 1 micron
• Silicon sample
• Standard UHV 

cleaning

4m long narrow NEG 
coating rig



Complex Shape Chamber NEG coating Trials
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100mm
20mm 5mm

Keyhole chamber NEG coated in industryKeyhole chamber NEG coating setup



Pumping test system
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CERN Data based on 60mm ID tubes, • Activation: 240oC for 12 hrs
• Pumping test: Throughput

• MCTP simulations used to determine 
corresponding sticking coefficient to 
measured PINJ/PINJ

• Test carried out using CO & H2



Pumping performance
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Sample H2 Sticking 
Coeff.

CO Sticking 
Coeff.

CO Capacity

CERN 
Benchmark

0.007 0.7 8e-14 
[molecules/cm]

LBL 6 mm 0.007 0.03 Comparable to 
CERN

LBL 9 mm 0.007 0.25 Comparable to 
CERN

Vendor1 6 mm 0.0025 0.003 low

Vendor1 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 poorFactor that impact pumping performance
• Substrate temperature
• Cathode voltage
• Plasma power or deposition rate
• Initial base pressure
• Coating pressure
• Tube ID

• NEG wire contamination content
• Moving magnets vs full length solenoid
• Gas purity
• DC power vs pulsed-DC power
• NEG wire degassing
• Substrate roughness

Findings
• 9mm samples consistently performs better than 

6mm – aspect ration rules out
• In-house coated sample out performs those sourced 

externally
• Vendor and other labs struggle with coating 6mm. 

Some declined

Vendor1 9mm
Vendor1 6mm



Pumping comparison at SOLEIL
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CERN-TS-2006-001(MME); Ti-Zr-V non-evaporable getter films: from development 
to large scale production for the Large Hadron Collider.



PSD Measurement at SOLEIL

14IPAC | MC701| 14th June, 2022



SEM Analysis of NEG film morphology
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SEM samples

Ti,Z,V

T = 100oc

T = 120oc

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



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

• Extensive vacuum testing performed to optimize pumping 
performance

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

Summary
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