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Summary

 |nverted NEG scheme
 Performance of inverted NEG

* Performance of thin NEG < 1uym
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Inverted NEG (Non Evaporable Getter) scheme
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Control of the NEG thickness

omm internal diameter, 1.2 m length, TiZrV coated chamber

P’\ a5mm Analysis in XRF after cutting the

chamber:
* The thickness is uniform
« Composition is uniform and correct
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Crystalline Structure

XRD analysis
Substrate : :
oeak - All samples show the small crystal size (estimated
| Coating peak \ ] around 3 nm)

\ l
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Pumping performance: transmission method

@ Ha

L

- .
- ™

NEG coated vacuum chamber

LN, .%; P,

e

Py

Steady state upon H2 injection:

P,/P, + Monte Carlo calculation (Molflow) : enable to get the sticking coefficient for hydrogen

C\E/RW 13/04/2021 ALBA meeting



Pumping performance: what can be measured

We expect a sticking of 102 10-2 and can easily measure a pressure ratio of 0.5-0.005: not for too slim chambers!
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Pumping performance: sticking factor and speed

1.0x107 7— ] 1 . - « Reproducible
—o— N1 (diameter 12 mm) -0.4

8 0x10° - —a&— N2 (diameter 12 mm) _ . * Reaches reference sticking and pumping
- 8-0x —8— N3 (diameter 12 mm) = speed (Ex: For a chamber of 6 mm diam.
= & the pumping speed for H, will be 5.6 I/s/m)
‘E NEG reference 0.5 2 ’ |
S 6.0x10° D
S &
pod ny 73 « Activation is delayed in temperature
S 20x10°A = 2 compared to standard reference
S 4. £
O Q
7 - 5

2.0x10° A // -0.1 &

175 200 225 250 275 300

24 hours activation temperature (°C)
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Pumping performance: aging

Expected for standard NEG

Aluminium mandrel 0.5 mm

0.1+ : : : T
7 Heating duration 24 hour:
Heating temperature 200 C
}_._ CUNEGA” unless otherwise indicated
2 280°C, 24 hours -
'_g (S
o] 0.01 + - ‘n
e ] .\.\. E ~ 1 },l.m
Q o SN
(@)] o u \\
c o +107
2 @ = R —
4% g \ ﬁ>\1> 0.5
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I 1E-3- E a N 0 -
. T \\\
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Number of heating/venting cycles
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Pumping performance: CO capacity

Saturated surface: 1 Monolayer ML

CO (defined as 5x10'4-1x10%) CO molecules/cm?

CO is adsorbed on 1E154 - 1 - . - ®
the surface : 4-
=
_ Cz0 ' 24h+2M
C.O (I? (D) i
T —®— Recipel
1E14 - —Ml— Recipe2
1 24h +
O
1E13 . . . , . |
220 240 260 280

24-hours heating temperature

« The expected capacity( as reference) is reached
« Also in this case there is a delay in the temperature

5‘1|v||_
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Hypotheses for the origin of delay

Impurities incorporated during the process?
» transferred to the NEG from the electroplated copper substrate

» coming from the chemical baths

cﬁw
\
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Origin of delay: comparison of substrates

Electroformed copper has in general few more impurities than OFE:

100 /l T T T T T T T

Measured in Thermal Desorption
Spectroscopy on 10x10x1 mm samples

Concentration (at. ppm)

ofe| bc | pc [oFe| bc | pc\oFe| Dc | Pc |oFE]| Dc | PcC
\ H2 H20 02 co2

~__~
Still there is no evidence that O related impurities those play a role for the activation »
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Orgin of delay: different plating recipes?

H, sticking factor

1.0x10% 7— . .
a) - :
— Fulse piating Siectofomming % Npt much statlst_lcs,_but ...n0 marked dlffere_nce

£ 8.0x10°- ti—nf: plating electroforming ; ] with electroforming in pulse mode or DC (with
= brightener)
S 6.0x107- - . . .
S In spite of the different purity of the copper the
it . performance of NEG is similar and delayed with
£ 40x107- 1 respect to the reference NEG
&) ]
7 ;

2.0x107 + / =

175 200 225 250 275 300
24 hours activation temperature (°C)
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Origin of delay: etching and mandrel thlckness

Thickness of aluminium mandrel
0.5 mm, 7h etching
1.5 mm, 24 h etching
2 Al(s) + 2 NaOH(aq) + 2 H,0O(aq) — 2 NaAlO,(aq) + 3 H,(9)

Decrease of O in XPS
100 I P B I - H, sticking factor

1.0x102 . ; .
\ |

e___® | r===1050 mandrel, 0.5 rnr:-l

~=@== 5060 mandrel, 1 mm
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with thin mandrel
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24 hours activation temperature (°C)
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Making the NEG thin (if necessary for impedance)

For a film with much lower conductivity (o; NEG) than the substrate (o, Cu) the impedance is only
governed by film thickness d

Zi(w) Zyw ( o, ) -
r~ sgn(w)—ijog—2id [ 1 —— 3 E.Belli et al
C dreh sen(w) = ilo o ) PR Accel Beams
21 111002 (2018)

Zlé{”) ~ ;?;3{[1-fﬂgn{m}]ﬁs-mF‘g”("""}( _:?f )}

(4)
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How much cycles for thin NEG?

The expected effect is a higher sentitivity to venting/activation cycles for thin NEG: indeed......

1.0 250

V9]

=09

—~ .

> ' 2006
=

= 038 L
o - 150 &
i/ 0.7 g
% —e— 1100 nm 100 g
,_;é 0.6 203 nm %
L 0.5 o— 87 nm A
2 —e— 30 nm - H0

o 044 — temperature

0 1

2 3 4
time (h)

After 4 cylces of venting /activation the
activation of thinner films requires more time

— |t is more difficult for the surface oxygen to
diffuse into the film
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How much cycles for thin NEG?

—_ 50 nm ~ 203 nm
i 100 eI ; 1001 !
= J '. P " C
XPS S 30 nm ) B ; g ™ 203 nm . 5
depth profiles £ Ti g ¢ " Ti
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As expected after some cycles the concentration of < 100 | Lt
dissolved oxygen is higher in thinner films < 1100 nm f =
1 1 5 O.'.O.’M " i
The lower concentration gradient slows down the = 501 ™ ¥ il '\T
further diffusion and activation = | f | 3
o O0pg © Ooo o oooo °o° g o ©0°©° 00 © 0%0 o 00 09 50 © 600 °o° E 25 1 r“.".."m‘..““";"" DR o
oO oooooooooooooooooo oooooo ° oooooooo = E 0 - oooo ;“:Mm
l & 500 1000

Depth (nm/Si0;)

D) 13/04/2021 ALBA meeting 17



How much cycles for thin NEG?

Reduction of the surface oxides
(X-ray Photoelectron Spectroscopy)

AR
80
:@ —=—4 5 hour Activation
c —e—21* hour Activation
= 70 -
o
R 60 A
©
D
© 50 -
A 4 . .
S 250C activation
o
@ 40 A
O ] .
30 -
i

T ' T T T
0 100 200

Film Thickness (nm)

7/ T
1100

> For film thickness 2100 nm the activation after
few (4) cycles can be recovered for 21h of
activation at 250C
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Photon stimulated Desorption on thin NEG

Critical energy:4keV

Photon stimulated desorption yield Incidentangle:10mrad
10 e T Powerdensity:20W/m
& 111 £ T 040N E - Vactuiam 1red (oycie 1) .

= = Thin NEG coating - vacuum fired (evele 2) 150 nm thick NEG
o » Thin NEG coating - vacuum fired (eyele 3)
1= 1072 L . Tm:']EcG maune - vaeuum f:i.'lEd {m n:le 4k _
'E_, * 'i_hm :"'-'EG EEIE.U.I:I.E - mu:'ul.un f:ued{ wle l'D]l CyCIeS 1_4 PSD decrease Wlth o
F: v Thin NEG coating,. vacuum fired (cy venting/activation(250C x 4h)/irradiation
E 1073 L L cycles
2 |
o : :
g 1o~ Cycle 10: slight increase when
~ Polpal TS venting/activating without further
= R : | 1 irradiationn, but conditions quickly
B 107 B e N (irradiation helps to reduce H content)
a) T e :
) [ . 1 I ] StSt _ _ _ _
- - Y. Tanimoto et al. 1 Cycle 11: venting without activation

T3

10t 1w 10* 10 107 1{1—- 10
Photon dose (photons/m) For PSD the thin NEG is robust upon cycling
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What do we know on thin and inverted NEG

Property/NEG Standard NEG Thin NEG Inverted NEG

1st activation O decrease | 250C x 1h Lowest thickness 30nm 250C x 1h

N cycles: O decrease (see pumping) >100 nm ?
250C x24h N<4

1st activation pumping 180-200C x 24h Reduced for 200 nm 275C x 24h

speed

pumping speed: N cycles

Sticking 1/N , N< 20
200C x 24h

Sticking as expected
1/N, N< 3, 275Cx24h

PSD Ec = 20keV, 250C x 24h | 150 nm, Ec=4KeV, 250C ?
X 4h, N=10
SEY 1.1 for 250 C x 1h >30 nm 1.2 for 250C x 1h
1.2, 250C x 24h
SEY, N cycles 1.2, 250C x 1h for N=3 >200 nm ?
recovers at 300 x 1h for 1.2, 250C x24h , N =4
N=10
Q) 13/04/2021 ALBA meeting 20



Thank you!
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Figure 4.24. Chamber installed in transmission system.

Cﬁw
\

13/04/2021

ALBA meeting

22



Pumping speed and H2 saturation of NEG

« For 1000 nm the pumping speed is as expected: after saturation a regeneration (no venting) of 24h x 27
recovers only half of the initial pumping speed. :

« For 200 nm the pumping speed is about half of reference: after saturation and regeneration (no venting) it
recovers the same value for several saturation (no venting) cycles

« Atomic concentration of H in the film is similar for both thicknesses (~4% at. H in the film): did we reach
equilibrium of H dissolved and H, pressure during activation?

800
S —o—1000 nm 1st saturation _ _ _
700 1000 nm 2nd saturation recovery of the pumping speed. after saturation with
© H2 (200 nm film)
= 600 ——200 nm 1st saturation 500
@ 500 —+—200 nm 2nd saturation »
T} : — 400
& 200 nm 3rd saturation 5o o
oo 400 ot
C
S a 300 " .
c 300 o0 e [nitial pumping
a \ 'S 200 speed
~ 200 c
T 3 100 —e—after 3rd
100 o :
T saturation
0 0
1E+13  1E+14 1E+15 1E+16 1E+17 1E+18 0 50 100 150 200

H2 pumped moleculs [mol/cm?2] activation time at 250 C [h]

D) 13/04/2021 ALBA meeting 23



SEY after activation 1h at 250°C

SEY

2.0

1.8—_
1.6—-
1.4
1.2—_
1.0—_
0.8 -

0.6 -

0.4

—a— NEGCu (Recipe1)
—— NEGCu (Recipe 2)
—— NEG/Cu (REF)

Inverted NEG:
Shows a decrease of SEY which
IS not delayed

0

200

400

I T I T I i I T I T I i
600 800 1000 1200 1400 1600 1800
Primary Energy [eV]
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Oxygen Reduction (%)

3 — Studies on “very thin” NEG films

4™ activation cycle at 250 °C

Reduction of the surface oxides

(X-ray Photoelectron Spectroscopy)
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