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Multi-Chamber TiZrV Coating in OFS Copper Vacuum Chamber for HALF
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Abstract NEG coating is a competitive candidate to achieve ultra-high vacuum in narrow gap vacuum
chambers, which is very important for diffraction-limited storage ring. To get enough NEG coated chambers in
schedule for HALF, a multi-chamber coating system was employed, and some multi-coating research was
performed based on previous work. The NEG film was characterized and analyzed by scanning electron microscopy,
atomic force microscopy, and energy dispersive X-ray energy spectroscopy, and the activation characteristics of
NEG films were analyzed by X-ray photoelectron spectroscopy. The results show that the surface morphology, cross-
sectional morphology, surface roughness, and composition of the film coated by different chambers are about the
same. After activation at 180°C for 2 h, the high oxidation state of the surface metal was transferred to a low
oxidation state or metallic state, which is similar to that of the previous single-chamber coating. Three NEG coated
chambers were equipped with SIP to simulate work status, and after activation at 180°C for 24 h, the pressure at the
end of chambers was 4.13x10° Pa, which reached 3.74x10° Pa after about 260 h, which would benefit future
HALF vacuum system.
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Fig. 1 Schematic diagram of a multi-chamber coating device
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Fig. 2 Test results of magnetic field in the solenoid
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Tab. 1 Roughness and substrate temperature of samples
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R TR AT FRAE, B T AT LR R
R I L, R A 2R SR FH RN B S AR AT L AT 2 500
[, WK 22 mm, JEE A 1 mm 1) OFS 44 .
Hil 3 i RSF R 10 mmx 15 mm, J&24 0.5 mm, S5 H
R Uk L bR R AL R, SR 5 15 AR 168 T e K T
WO OB IR A 2 o kR R FH VR R R RS 3 )
FEIEYE 15 min, AESZE MR ML B, 5 — e
ARERL R, IR 3 Fros, B RE S A U B b AR e
LRR B A Lo AT . R T O A X R
miE TSR, IR 1,

sample holder ;‘

: " 4
4 sample of #per
' substrate. |

sample of sili b

substrate’™ transition section

\ 8

3 AF 2 R SCE R R . (a) FERRE, (b) RR AR 2R
e

Fig. 3 Schematic diagram of the sample holder and sample

installation. (a) Schematic diagram of sample installation,

(b) transition section for placing the sample holder
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Fig. 5 SEM images of the surface and cross-section of the TiZrV film. (a) 1# surface topography, (b) 3# surface topography, (c) 3#

cross-sectional topography, (d) 2# surface topography, (e) 4# surface topography, (f) 4# cross-sectional topography



B OH: % HALF AR T8 B 2 6 TiZeV SRR 5 1 5%

25

113.6 nm

166.1 nm

|S] A
(b)

140.6 nm

| —

ZOIum

1: height sensor

0 1: height sensor 20 pm

0 1: height sensor 20 pm

Ko FEAhE AFM 74T . (a) 1#FES, (b) 28R, () 3#EAD, (d) 4#1E D
Fig. 6 AFM analysis results of the sample. (a) 1# sample, (b) 2# sample, (c) 3# sample, (d) 4# sample

R 64°C, S HSERIRIEE R 68°C, S HS
i ke P R I — b, A5 B R R R Y
AR R, R e,

2.3 EERES

SRS N R NSRS ey i
HER T K ST HAR R, RN H LA CL O
JCER, WURE I Ja i) (1] 2 58 25 OB U 84k ) L ek
W S AR R, B ATERAE A i AT LLHERR €. O It
F . EDSrHr 45 3k 2 fir s, O [6) 4 Y
mapping [E 41 7-10 7R o A] DL A& BRAS [a) A il
W 25 R RARFA A, SR H TiZeV A 4 2285 ) i
A TCR IS . & Io0ER &b LB M,
Hh Zr SR 2, V SR, Ti S b, BTG
R BURAR IR : Zr>V>Tis

®2 MK EDS HER
Tab.2 EDS analysis results of the sample
1# 24 34 44
Zr 35.0 359 35.7 34.8
v 329 335 32.8 33.6
Ti 32.1 30.6 31.5 31.6

24 EEREMBESEST

XPS 41 a5 R R WK TR N Ti. Zr,
V. Ol C, #] H CasaXPS 3 {4 Xf Ti2p. Zr3d. Cls
HEATHG A0 LR A5 R & 11, K’ 12 fios . 7R
Bl 1155 —47. B 12 55 —47 R al LU H: FHEET 1#.
24K i B R A G R A2 RS — B BT, WIBE ] o8

7 146 & B9 mapping I/l . (a) SEM &, (b) Ti Kal, (c) V
Kol, (d) Zr Lal
Fig. 7 Mapping of 1# sample. (a) SEM diagram, (b) Ti Kal,

(¢) V Kal, (d) Zr Lal



26 Ho o= B

ST 5 I NI S 9543 5

8  2#FE 5 1Y mapping & (a) SEM [, (b) Ti Kal, (c) V Kal,
(d) Zr Lal
Fig. 8 Mapping of 2# sample (a) SEM diagram, (b) Ti Kal,
(¢) VKal, (d) Zr Lal

(a) (b)

K9 3#EAh Y mapping [ (a) SEM [, (b) Ti Kal, (c) V Kal,
(d) Zr Lal
Fig. 9 Mapping of 3# sample (a) SEM diagram, (b) Ti Kal,
(¢) V Kal, (d) Zr Lal
BN | TiL Zr, V TR ¥ UL m A i A7
7EM W 11(a), K| 12(a) iR, ST Tioo R, 1]
DI EEH 2p3/2 454 fE (Binding energy, i #% BE) N
458.6 eV, - 15 7 (Full width at half maximum, f&j FK
FWHM) & 1.41 eV [y TiO,, M4 E A /L& 1) Ti,0,
(BE=456.4 ¢V, FWHM=2.18 eV)f£1E, X & Ti 54
FomE Wb RE . WTF Zr i &K, BT 70,
(3d5/2 BE=182.3 eV, FWHM=1.12 eV) LA ¥} it A />
/Y Zr(OH), (BE=183.3 eV, FWHM=1.28 eV ) /£ 1 .
K 11(b), & 12(b) HULEE O JL R HHIF AE 1% L AEFS 2
XANGES, fEERM O, H LR B S A K AR
1%, KIER T 1 s B8 BE Jy 530.2 eV, FWHM Jy
1.41 eV [ F g4, i1 45— BE=531.7 eV, FWHM=

FEI10  4#F% i B mapping €. (a) SEM &, (b) Ti Kal, (c) V
Kal, (d) Zr Lal
Fig. 10 Mapping of 4# sample. (a) SEM diagram, (b) Ti Kal,
(¢) VKal, (d) Zr Lal

1.65 eV {55, EAT 153 % I G 4R Ak AT R
. 5Ti5 Ze AEMIE, VIR R EENE
164 S DU A0 I A S e p T A E 11(e) .
Bl 12(c)fin o FEE 11(d) . Bl 12(d)H ClsBr T
284.8 eV(FWHM=1.59 eV) 1 = I &1, 38 0] DL A il
#| BE N 287.5 eV AbH — AR ILIE

RS A7 | 2 AR AR &
i 180°C PRI A/ 5, 2 i FE A8 KL RIS Ik
i G Rl s, Ui BT R AL BIE XA,
T BT 4B A, UL R R A s T AR
MRATIG Cls MURETEth K A8 T ARk, RN K T, B
MARZ R4 A el 282.1 eV & BERILY) . 5
VHRE S AS [R] A 2 , 2# i A9 3% 06 18 A G D00 1) T,
Ti' (5N 52.0% & T 1#6E50(29.8%), Zr 5 V i &
WHREFFELEIE . 2#FE NI Ze°Bl1%) SR A T 14
BERL(13.7%) , 24K G VO(54.1%) 5 T 1HEE G
(52.0%) . X ULHH TizrV & NEG 3 5 7 180 °C AJ
DI , s R 5 RIS G

25 HREZMRER

FIH TMP 5 SIP S5 Xl s 21 74 <, 5
{3t BL 28 T IR ) 4.25%10°° Pa, FTITRRWT I 24, A4
F GiAE SIP 4 < — Be i [B) J5 , B8 1k oty B 25
3.60x10 " Pa, i i B %5 & O 7.23x10 " Pa, NEG H
25 JEOHG LA, W MR ity L2 BE A 4.13%10°° Pa, 328 3
F 25 R 4.13x10° Pa, #4965 24, 90, 170, 190
11260 h (8048 o A 3t v 25 AN % 3 iR, AT
PLE H, NEG 88 I 125 B0 s o ), vl DA 80



o1 B Of 4 HALF U TE I 215 TizeV BRI 5T 27
(b) 2.39¢eV © (d)
= Ols adventitious
‘g carbon
8
o carbonxyl
.8 species
E
i
Zi(OH), VEOS
Ti, O, ) adventitious
Ti’ b
7:0. carbon
) Ols
&)
g 71,0, 710 mcllxlllllc
— carbiae
/ Z FLY.
TiO B \L e ™
VO

470 465 460 455 450

binding energy/eV binding energy/eV

188 184 180 176 540 530 520 510

292 288 284 280
binding energy/eV binding energy/eV

E11  I#EERAEEIR L 180°C £RIR 2 h JF 1) XPS KBFLER (a) Ti 2p, (b) Zr 34, (c) V2p +01s, (d) Cls

Fig. 11
(b) Zr 3d, (¢) V2p +Ols, (d) Cls

XPS deconvolution results after 1# samples were kept incubated at room temperature as well as at 180°C for 2 h (a) Ti 2p,

(b)

as-deposited

Zr(OH),
1

(© (d)

adventitious
carbon

carbonxyl
species

180°C

|

TiO

adventitious
carbon carbide

VO

470 465 460 455 450

binding energy/eV binding energy/eV

188 184 180 176 540 530 520 510 292 288 284 280

binding energy/eV binding energy/eV

F12 2#FEM7E IR LI 180°C AR 2 h R Y XPS LEFEEIR (a) Ti 2p, (b) Zr 3d, (c) V2p +Ols, (d) Cls
Fig. 12 XPS deconvolution results after 2# samples were kept incubated at room temperature as well as at 180 °C for 2 h (a) Ti 2p,

(b) Zr 3d, (c) V2p+Ols, (d) Cls
&3 NEG EREE=RHERNRRESERL

Tab.3 Degree of vacuum after activation of the NEG coated
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260 h 3.30x10°" 3.74x10°°
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