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GV: gate valve, BAG: Bayard-Alpert gauge;
RGA: residual gas analyzer; TMP: turbomolecular pump;
SIP: sputter-ion pump; NEG: non-evaporable getter

10 mm

X.G. Jin et al., Vacuum 207 (2023) #111671.
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diffraction. the low activation temperature is
correlated to the film structure [10] and presum
Columnf% : 20~100 nm ably caused by a large density of grain boundaries,
s . which should facilitate the transport of oxygen
fEmF YA X :3~5nm | om the surface into the bulk of the fim.
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C. Benvenuti et al., Vacuum 71 (2003) 307-315.
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C. Benvenuti et al., Vacuum 60 (2001) 57-65.
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+ 200°C TR DMEALIE 21T 5,

- READTHICEY ., ZrOERIEYID

ZE“S %EJ;.I/\T: o

» Zr/ZrO>0.5%7 B £E(2T 5,
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C. Benvenulti et al., Vacuum 60 (2001) 57-65.
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R. Valizadeh et al., J. Vac. Technol. A28 (2010) 1404-1412.

Activation temperature, “C
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Technology
Facilities Council

E75 HNEGH D B+ HE

H2 sticking probability

Courtesy Reza Valizadeh
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- o
130 160 180 200 20 40 260 280 300 320

Activation temperature [ C)

+ Ti-Zr-Hf-V performed the best
v Activated at 150-160 °C for a columnar film
v C/‘C(:) — 04, (]‘(:(:)2 > 06 U‘HQ i 003

o Hf-Zr-V, Ti-Zr-Hf, Ti-Hf-V and Zr are
comparable nevertheless they perform less
than Ti-Zr-V.

« Zr-V is the best binary alloy (has the lowest
activation temperature in binary range)

G workshop 2024 YORK 59



*E;EE ﬂ:z )Iﬁ 0) 9° 7 I\ Courtesy Stefano Saroglia

e channel

photon channel

photon channel

Absorber Pumping
» € channel » Photon channel » Absorber & pumping ports
* 0.3 <Thickness < 0.5 um * 0.3 <thickness < 1.5 um * 0.3 <thickness< 1.5 um
* High coverage & uniformity * High coverage * High coverage

1! stage 2nd stage

60



*E%E ﬂ:z )Iﬁ d) 9° 7 I\ Courtesy Stefano Sarolia

» ELETTRA = bent e- channel (6.5°) » ELETTRA = variable cross section in
photon channel

* Spacers needed for target centering

o Transversal uniformity * Big change in width = 10-124 mm
o But masking * Blind pocket - closed volume
* Longitudinal target + spacers translation * Reduced transversal coverage
o Compensation for masking * Multiple positions needed
o Longitudinal uniformity o Multiple targets not possible

o Target lateral translation

//-""'_
ap
>
k.




*E ;I?E ﬂ:z )I ﬁ 0) 9@ 7 I\ Courtesy Stefano rogli

» Principle:
* Rotation actuation from top nipple * Bias from:
* 90° axis change rotation * Same top nipple

* Synchronous with e" channel * Opposite DN100
G T T - * Same DN100

Drive screws —
DLC Coating




*E;F'ﬁ ﬂz )Iji D 9° 7 I\ Courtesy Stefano Saroglia

Masks —
avoid cross coating

» Permanent magnets cylindrical sputtering:

* No need of external magnetic fields

* Established technology — in-situ LHC aC coating '
O NEG tube targets ;_'_‘
= KEK (Y. Tanimoto) — Asahi Metals
63 collaboration

uctsme 'v 161D103L120mm
(‘PNo < AMI-21-067-T1-1
July 11, 2023

Asahi Metal Co. ,Ltd




Fully NEG coated 3 GeV
electron storage ring at MAX IV

Marek Grabski

on behalf of the MAX IV vacuum team

The 103rd IUVSTA Workshop on New Horizons of NEG Thin Film Applications,
24-27 June 2024, York, UK

Workshop on New Horizons of NEG Thin Film Applications, June 2024

Marek Grabski
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NEG coating of vacuum chamber

All the vacuum chambers were NEG (Non-Evaporable Getter) coated with:
* Thin film (0.5-2 um) of Ti-Zr-V (30%, 30%, 40% respectively) alloy deposited
by magnetron sputtering.

NEG film, after activation (heating up to 180°C under vacuum),
activates and pumps active gasses (do not pump noble gasses nor
methane CH,), and has lower PSD (Photon Stimulated Desorption).

The prototyping and validation of the NEG coating on standard and most
complicated geometrically chambers was done in collaboration with CERN.

‘NEG thin film coatings: from the origin to the

The extl’udEd Copper tU bes pl‘iOI’ tO the Coating were C|Ea I'IEd and Surface next-generation synchrotron-light sources’,
Paolo Chiggiato, CERN (presented at

treated (etched, passivated), then NEG coated. OLAV'14)

Chamber before coating

Courtesy
Marek Grabski

SEM coating thickness measurements:




Installation procedure >

Ring installation was tested and rehearsed by Actual vacuum installation lasted 7 months

installing and activating 1 mockup achromat ~ (November 2014 — June 2015).

inside a separate hall. Main steps included:

« vacuum chambers were assembled above
lower magnet haves,

+ Lifted up with a strongback,

+ baked and activated at 180 deg C with oven,

» lowered to the lower magnet halves,

+ Magnets were closed,

+ Straight sections between achromats were
installed and baked in-situ,

Baking, NEG activation §

7 magnet blocks
on concrete girders

Courtesy Marek Grabski




VaCU um pe rformanCe Courtesy Marek Grabski

« Average base pressure (June 2024):
~1.5e-10 mbar (extractor gauges)

« Accumulated beam dose:
9971 Ah (June 2024)

Current [A]

« Max. stored current:
500 mA (November 2018)
total lifetime was 14 h,

« Beam current for delivery to beamlines: LW
400 mA, (total beam lifetime ~15 h) Time [hh:mm]

06:00
06:10
06:20
06:29
06:39

6/
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Accumulated beam dose [A-h]
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- RKRFABRFPICKEDER., Koz
RET Do

- REANER) v FICHEY ., HERitee
MMETT B,

HZ Sticking Factor

H =

10*

5 um thlck T|ZrV fllm

c TIZVIEDIEFEA75 pQ-cmblE & K=Y,

(CuDEHFEH1.6 uQ-cm)

- Resistive wall impedancelZ& U, FEEOE—

10 15 20 25 30

Number of Heating/Venting Cycles

C. Benvenuti et al., Vacuum 60 (2001) 57-65.
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20

Weight ratio (%)
o

N - RRFBIZRFLETZVER,

- GDS (glow discharge optical

emission spectrometry) 12Kk %

TTRDRSAEBD T,

+ 0,. H0lZ#+nmETEAT 5,

20 40 60 80

Depth (nm
pth (nm) X.G. Jin et al., Vacuum and Surface 64 (2021) 301-305.



Pd &xEEDEA ”

- PdfE(20, & H,0 & [ER RS LA LA, H,&COIXRZET 5,
- PAIR TNEGIEZ&E > &, Fomzazk <9 %,

C. Benvenuti et al., Vacuum 73 (2004) 139-144.

Sample structure

Pd 25 nm Coating process
- 1 Baking
TiZrV 2.0 um ) Baking 250 °G 8h

E 200 °C 24h

S TiZrV coating Pd coating

3 100 °C 100 °C

G

A4/ Cuduct 7Y :
I Time

Exchanging TiZrV wire to Pd wire

(TiZrV film exposed to air)



Pd covered NEG films 73

« PAREIE0, & H,0 & [£R I LE LAY, Hy& COIKIRET 5,
- PAIR TNEGIEZ&E > &, Fomzazk <9 %,

C. Benvenuti et al., Vacuum 73 (2004) 139-144.

Sample structure
Pd 25 nm Surface SEM image

Cross-sectional SEM image

&

TizrV 2.0 um

i
-

b))

Y Cu duct ~
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0.03 1
® TiZrV
- BRES N EBIEEE T ¢ Pd(25 nm)/TiZrv
ﬁ?ﬁ L) Jij—o S
3 0022 * ! .
HEMHIEEE s
TiZrVI£250°C, 4 h £
Pd/TiZrVIE200°C, 4 h 2
% 0.01
- PATIZVIE—EOREREE .
(g P i
o 0
PAEDREFERANEBEDITHY . 1 2 3 4
IKEDREEENIMER LT S, Number of heating / venting cycles

X.G. Jin et al., J. Vac. Sci. Technol. B39 (2021) #064202.



PSD ) il .

PSDifaR @PF BL21

10" — |+ Cuduct
g ——TiZrV film
R BT D3 D BN s - v
"6 10_25 _\ E
Cu& % k : 150°C. 20h 5_ : ]
i = : ; D 10°
TiZVa—F 429 L1472 k: 250°C, 4h 3
@
PA/TiZVa—T 4 29 Lz&9 b S 10
250°C. 4h =
—
S 10°
RUBBE RS () 2

R T T
BBt F 5/ BET L F 2 10 g o 107 102

N : Photon d hotons/
HRET. PAEMPSDE FIFA &IZ oton dose (photons/m)
AANTHD I CTHR X.G. Jin et al., Vacuum 192 (2021) #110445.
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- PAREDKFRHESEENTIZIVE Y FLY,
- E;R CPAIFEE LW =8, REMMEIDEBREEMNEL,
- INEER, PAREFTED A—RVEEIELY,
4 1078 v 10° )
[e|  TizeVfim TR | PA/TIZrV film
corzBE®H, < vl 7
MERI= & 2 5w " | B |
HABHEOHEE 3 ™ | 3
i Téoronper;t(ijre (‘%) - ; 8(')I'em[;)zeoratu1reé ("CZ;)0
\_ X.G. Jin et al., J. Vac. Sci. Technol. B39 (2021) #064202. )




CO. CO,mEF=ERE

W78 3R (@A TEHAI L 1=,

I

IS
TiZrVIE, 250°C for 4 h:
Pd/TiZrVEZ, 200 °C for 4 h
TiZrV film Pd/TiZrV film
CO 0.06 0.05
sticking factor
CO, 0.05 —
sticking factor
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ZI1FPAIRDIEE I 3= 7

Dense Pd fim X ESEM®R columnar Tizev film

ERDEMESR R
EEA Ei®E
(nQ-cm)
Ag 1.59 e T
Cu 16 X#R Bl
210* . . 2 10° . .
Pd 10.87 m M| Nanocrystalline Nanocrystalline
Zr 40 \% ’1.5104 50 nmuJ: 1_5102 1~2 nm
v 40 2
. GC, 110* 110° i
Ti 43 ~ 170 =
TiZIVE € >175 E 5 10° 5 10" |
> Jk (200)
%35 35 4i0 45 50 o30 35 40 45 50
20 20

ZitmEE TEILT 7 AEE



Z1EPAIRDPSDD#ER 0

A DEVLIE - 250°C, 4h

- Pd film 1.6 ym on Cu duct 103 TiZrV film 1.7 ym on Cu duct
_ | ' N s | | o
- c ! ; (]
o 4 Q =4 _..........................E}..........................._...................... —
g " A e S
2 10° @ 109
o : o -
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o s O £
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Photon dose (photons/m) Photon dose (photons/m)

X.G. Jin et al., Vacuum 215 (2023) #112370.
Y5FE 2023-034073 ‘EXFEMUVETEREDREAE”
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Mt AT DEEM - PAIR 2 KB, Mnzd. PSDETAE
(a) After air exposure and heating (b) After air exposure and heating
250 °C. 4h 160 °C, 24h
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X.G. Jin et al., Vacuum 215 (2023) #112370.
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- FO M 20DV XYy TTHREEOERZ
ER,

- CrCUTZERZER, 9 FORNEIX40 mm
(9.6437 GHz). 60 mm (6.7846 GHz)T® 5.

- X rORETA—Ta VI L, A—TFTaTH
DxREEH Z 5T,

Courtesy M.L. Yao
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File Trace/Chan Response Marker/Analysis Stimulus Utility Help

Trace 1 Scale PerOvison JENIRER [
1 LogM 10,00t
1 9.601/09 GHz #5493 dB

[
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s .

v
11000 : i
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RS & HREEROHA Courtesy T Abe
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# 1 PAE O R EE R DR )

TiZrV > 175 uQ-cm

Sample Thickness Q, f c R
[um] [GHZ] [S/m] | [pQ-cm]
CuCr ¢40 25737 | 9.5995 | 4.84E+7 2.07
CuCr ¢60 31942 | 6.7832 | 4.76E+7 2.10
Pd on ¢$40 8 11175 | 9.5995 | 7.91E+6 12.6
Pd on ¢60 6 15487 | 6.7832 | 8.47E+6 11.8
Cu#Eim{E 5.96E+7 1.68
PdiEm{E 9.26E+6 10.8

M.L. Yao, X.G Jin, et al., Proceeding of IPAC 2025, 3105-3107.

- PAIRDEIMEEITIZVIESL YAHTELEIET,
* PAEDEER(L, PAEREDES%NZFHE A 5.
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BEAM DOSE (m A hr) BEAM DOSE (m A hr)
0 1 2 3 4 5 0 1 2 3 4 5
. 10 1G 10 10 10 10 10 10 10 10 10 10
Au sample: PO A . . P S A A L

2
10 , T T ¥ 1 T
= T frF‘I"‘WWr"“W%on _ ] E‘r
A Co .-

Thickness: 1.3 ym; = 10 *\N v o %m“ T 0 %100
5 —  °"CH 3 5k _ |
Film formation: plating; gw““E . - ; - 2 Wt _ ::%‘0
. . éﬁﬂ'ﬁ j e é 10 E . . - ;102
Sample shape: plane; < F 2 . g c e &‘::
_ Z .6 —f2 5 &6 é 1073
Heating procedure: T E =0 E AU Mw%
200 °C f 1 d 10‘7101.8 :loTélu‘fﬂ_;éuuﬁ# ‘0-7;013 WRE ‘ 102 1’021 '102'2 ;ﬂza 1:{:22-4
Or several days ACCUMULATED PHOTONS (m-1) ACCUMULATED PHOTONS (m-')

TOTAL GAS DESORBED (Tarr -¢)

C.L. Foerster et. al. J. Vac. Sci. Technol. A 10 (1992) 2077-2081.

Au surface with lower gas adsorption are more easily conditioned and contribute
to lower PSD.

Ag has characteristics similar to Au and is expected to reduce PSD.
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Magnetron sputtering PF BL21
<4 el substrates >
. | BAG BAG
v ~ . GV @ GV @
E A '

'.(35x2'5 mm)

Orifice
(10x5 mm) (©) e (11x6 mm

fESL L f-5 4 ~ PSD yield (n) : \
+ Tig 29270 16Vo 55 film, 5 um; - BiEE > F3U/BRH A FH
- Ag film, 3.5 ym 60°

Samples



TiZrV film H

AQIEDPSD#EE

MNEALEE - 150°C, 24h

Yield n (molecules/photon)

- TIZIVERIE . CuEMRIZEEA~ . #1EAPSD ;§ 10 Ag ﬁ'"? B
BEMHEL <P, s ' |
. AQEEDPSDIREILTIZIVEE & FIIRFE | §

KLY, I

C AGHSERIE LR NS B, KEERE ;E

LW EIZKYPSDAMETT 5, S 100 L

T SR
X.G. Jin et al., Vacuum 207 (2022) #111671. Photon dose (photons/mm2) 90
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X.G. Jin, KEK Annual Report, 2023 74-75.
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