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coated strips

getter

particles

compressed pellets/pills

getter

support

COATED STRIP

PILLS, TABLETS, RINGS

MODULES



getter

particles

sintered porous coatings
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support

sintered porous pellets
100 µm

Highly-porous sintered NEG
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Pressure in torr (10x)
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Diffusion Pumps

NEG  Pumps
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Sorbed Quantity [Torr*l]

CapaciTorr ® Z 400
sorption test (according to ASTM F798-97)

Sorption temperature: 25 C
Activation : 60' @ 18 V (85 W) 
Sorption pressure : 3E-6 Torr

H2

N2

CO O2

H2O

Gas Initial pumping speed (l/s) 
Sorption capacity (Torr∙l) 

Single run  1 Total  2, 3  

O2 240 3.7 >3500 

H2 
 500 1920 N/A 

CO 210 0.8 >850 

N2 125 0.5 >170 

H2O 320 7.4 >7000 

 

Getter alloy type ZAO®1 

Alloy composition Zr V Ti Al 

Getter mass (g) 96 

Getter surface (cm2) 500 

 





Laminated St707 ®strip

Wafer modules

Porous sintered disks ZAO® porous sintered disks
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D 50

D 1000

D 100

D 200

D 400

D 3500

D 2000

7.5cm
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1

2

3

CapaciTorr® D2000 : 
1. NEG disks
2. Heater
3. Electrical feedthrough
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XHV
<10-10 mbar

HV
>10-8 mbar

High sorption capacity
Very high pumping speed ( +50%)

No particle emission 
Low gas release during activation

UHV

Compactness
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Nipple

146 mm
NEG cartridge

Screen



25 °C

230 °C



CO2 at RT
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Ultra-high 
vacuum

UHV
High vacuum

HV
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400-500 

l/s SIP
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NEG module

Courtesy of  SSRF



60 l/s SIP, 48 h bake-out
NEG+60 l/s SIP, 2 h bake-out
NEG+10 l/s SIP, 2 h bake-out

In presence of the NEG, it is possible 
to obtain the same results in terms of 

pressure using a much smaller SIP.
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A vacuum system can be kept in UHV-
XHV conditions by NEG pumps assisted 

by small SIPs only  
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Total weight

(magnets included)
2,2 kg

Volume 0,5 l

Initial pumping 

speed (l/s)

Gas
NEG 

activated

NEG 

saturated

H2 100 6

CO 70 6

N2 40 5

CH4 15 7

Argon 6 (0,3) 6 (0,3)
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NEXTorr D 100-5
(NEXTorr D200-5)

SIP

QMS

EXT

TMP

Primary Pump

Vacuum
Chamber
AISI 304, 100 l

TCK 

Pumping speed (l/s)

H2 CO N2

NEXTorr 100 (200) 70 (140) 40 (80)

SIP 120 (>200) 60 (>100) 65 (>100)

65 l/s (N2)
(>100 l/s (N2))
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NEXTorr® D100-5
vs.

SIP 120 l/s
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NEXTorr® D100-5
vs.

SIP 120 l/s
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SIP - 200 l/s (H2) NEXTorr®  D200-5  - 200  l/s (H2)
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Capacitorr D100

1h@350°C + 1h@550°C
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Venting and 
pump-down 
through TMP

Bakeout

System 
cooling to RT

Degassing
of the SIP

NEG 
activation

SIP on

In-vacuum
system

(HV/UHV/XHV)

°



Venting and 
pump-down 
through TMP

Degassing
of the SIP

NEG 
activationSIP on

In-vacuum
system

(HV/UHV/XHV)
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Particle Counter

N2 Nozzle



Capacitorr® HV 100 (ZAO®)

Capacitorr® D 100 (St172™)
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To turbo-pump 

station

CCG

V2

V1

SRF 

cavity

V3
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μm
range and no particles larger
than 5 μm after 1 minute of
ionized and filtered nitorogen gas
throughput at 3 bars, 28 l/min
capacity.
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Devlopment
of new alloys

Introduction 
of sintering 

process

SAES
efforts

Investigation 
on different 

cleaning 
procedures

Implementation 
of a robust 

particle detection 
system

Installation of 
NEG in particle-

sensitive 
systems 
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NEXTorr Z100/Z200

NEXTorr HV100/HV200
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Courtesy of Mr. Frank Roesthuis (University of Twente)

Courtesy of Dr. Eberl MBE-Komponenten GmbHCourtesy of Dr. Eberl MBE-Komponenten GmbH
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NEXTorr D200-5 ND
CapaciTorr D400





NEXTorr
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NEXTorr D500-5
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Single-strip arrangement

Double-strip arrangement

4 CapaciTorr D200

3 SORB-AC wafer modules

CapaciTorr D200

St707® Wafer Module
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• 2017 Kyushu University – Tokamak QUEST: CapaciTorr HV200 used in diagnostic
• 2018 Tsinghua University – SUNIST Tokamak: CapaciTorr HV 2100 used in the divertor
• 2018 IPP: HV 800 wafer module is under test in the divertor
• 2018 – LHD at NIFS: installation 42 NEG HV 400 wafer modules in the divertor
• 2018 ITER: NEXTorr HV 200 in the transfer line of ECRH
• 2014  DEMO NBI(1)-(4)

• 2021 Mega NEG pump for SPIDER



Electron Cyclotron 
Heating

Ion Cyclotron 
Heating

Heating Neutral 
Beam Tokamak 

Vacuum Vessel
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• DEMO pre-conceptual design – Tritium 
Fuelling Vacuum (TFV) WorkPackage

• activity 3.6 “Development of a NEG-
based pumping concept for NBI 
pumping ”
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From ZAO disk 
to multi-stack 

cartridge

Vacuum and 
thermal 

simulations

Design and 
construction

Assembling and 
characterization
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CapaciTorr® D200 Ø 8 mm
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𝑺 =
𝟏

𝟒
∙ 𝒗 ∙ 𝜶 ∙ 𝑨

α α α

STICKING FACTOR α

[1]
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R&D on NEG 
coating

properties

NEG coating of 
prototypes and 

proofs of 
principle

NEG coating
series

production
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µ

ID=12 mm
L=1000 mm

ID=12 mm
L=1000 mm



°
P. Costa Pinto, 80th IUVSTA Workshop, 2016, Taiwan
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ID=22 mm
L=1000 mm

Activation: 180 °C
ID=22 mm
L=1000 mm

Crystal size:
1–2 nm

XRD analysis of a NEG film Pressure profile during NEG activation

At 180 °C, the 
NEG starts to 

pump
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1.5 µm
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