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Preliminary study on in-situ activation of NEG coated vacuum chamber

Ma Wenjing',  Zhao Zhuang',  Zhang Shancai'; ~ Wang Sihui',  Hong Yuanzhi',
FanLe';  Wang Chenghong',  Wei Wei?
(1. National Synchrotron Radiation Laboratory, University of Science and Technology of China, Hefei 230026, China;
2. Institute of Advanced Science Facilities, Shenzhen 518107, China)

Abstract: The Hefei Advanced Light Facility (HALF), which includes an injector and a Diffraction Limited
Storage Ring (DLSR), needs ultrahigh vacuum environment to satisfy the lifetime of beam. The small-diameter
vacuum chamber coated with NEG (Non-Evaporable Getter) not only saves space, but also has a high pumping speed,
which can well meet the demand of obtaining ultra-high vacuum in diffraction-limited devices. The NEG films need to
be activated at a certain temperature to get the pumping speed. Therefore, the NEG film activation method and process
is important to ensure the safety of the other system components, such as the magnets. Based on the appropriate
activation temperature of the coated NEG films, a temperature analysis model was applied to simulate the temperature
distribution of the NEG coated vacuum chamber and the magnet during in-situ activation at the temperatures of 180 “C
and 200 °C, respectively. The oxygen-free silver bearing copper (OFS) vacuum tubes were baked out by polyimide
(PI) heaters and the temperature of the tube and the magnet pole was measured. The maximum temperature measured
at the magnet pole was about 40 °C, which confirmed the safety of the quadrupole magnet. This work will be a
solution and basis of in-situ activation of the NEG-coated vacuum chamber in the Hefei Advanced Light Facility.

Key words:  diffraction limited storage ring, ultrahigh vacuum, small diameter, the NEG coated vacuum

chamber, in-situ activation
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Table 1 Thermal conductivity of materials

material thermal conductivity/(W-m™'-°C™")
air 5%107
magnet 20
OFS 391
PI 0.31
120 ¢
|
100 - ./
g
) maximum allowable temperature
5 80 -
<
o}
£ J
2 60 /
40r . . . .

0 01 02 03 04 05 06 07 0.8 09
decentered parameter/mm

Fig.2 Maximum temperature of quadrupole magnet

changes with different decentered parameter
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Fig.3 NEG activation temperature experiment system
3 NEG 7EZ B0 i S50 R 4
WSk DR AF AR R BE o = AN TRLEE AR Sk 43 0l B T TE B DX | DA A Sk Ak (BT 3(d) ) Ses Ao, T T I o 480 3 R T
T8 3 T S e A AR ) A A 7 2 G N BT R Y LA, 1 B A2 T R PR AR P Y OF S B E
TR ZE AN [ 3 32 T 5 1) B T R 5 B (3R 2) o 3R 2 Dy AT 174 e R R 52 0 5 R v 0 A T IR AR R R AR, T A
£ HALF H.%8 R TAER R

x2 REEERE7TEERPUEE) MANESR
Table 2 Heating power of OFS tube

OFS temperature/ C magnet temperature/ C power/W power density/(W-cm™")
132.4 35.0 120.7 1.4
167.1 39.4 166.6 1.9
180.0 38.9 193.8 2.2
207.5 40.7 226.5 2.6

22 NEG Z#ZL&HERELEERSITiE
2.2.1  KRERR NI A5 A I BT

i NEG 76 26 0 i B2 5290 2 G0 Kk 2k (O 10 1 BE R T 200 mm) A E AR SR A8 3 AT Ak, i sk g 7 v
EIH (OFS) | Bk Sk (Magnet) Jiz B K %5 i (R.T.) Bl 5] 5942 £k, &l 4 i o

R A T R EE 20590 2 180, 200 °C IR, S Kl S 05 FOBCHE AN 3 o o DA rR R R SR e 4 5R 5  HAR R,
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AR AN 7 )R PLMEIE, A28 O 180 °C N, S % Bk

B 38.7 5 2L 200 °C IF, SR Bl Sk L IE 2001 70 e

H 413 °C, B ARIIE R B 7E A I B R R RS g || T oom temperature
390V 5 5 e (5 2 6, T o A MU 9 ki Sk &b g

BOTELEE . 4AE IR 180 °C A, ML S 30 0 75 6L 3 12 22 4 2

P IR AS7 3 A0 ) % 1A% Sk 9 3 2 2359 A 35.0, 36.2 °C, [+l 1E £ sl

357 2B A PI I A 38 S 0 T R Sk VL BE R A 6.5%. % B

WS o, A Sk R B 24 B 22 23 B A1 °C S o

DAY SPIOE 20 2% | FRBEIR AL 25 TR L A B

0 40 80 120 160 200 240 280

Fold, time/min

M FRATTAS 2] T NEG 88 B4 8 M G T2 07 %8, Wi XxT Fig. 4 Diagram of temperature change during heating of NEG
T B (A KI5 T 200 mm) Py 369 NEG 4 8 7075 75 activation experiment sstem
3, TR FTT A4 40 5 56 0 O 60 9 PGB, 1E A Bk 4 NEG RIS RAMAAL L

PN 4 7 ACHEAT R L, RIVTE 8 A 3 2 3 ) 3 10 49 0 MG o K 2 4, 45 B 249 50 ) 4 3 2 T L .

®3 WESHMEBKEE
Table 3 Temperature of quadrupole magnet and OFS tube

No. room temperature/ °C measure temperature/ °C FEA temperature/ °C
1 24.8 38.7 37.6
2 24.8 413 40.5
3 24.8 36.2 35.0

222 GBI A BB AR L RS

R B AT 22 2 A TR i, 8 o T RE M, X T RERE R (1 K 2 /N T 150~200 mm) , PR FH#V% 5 AT 7R
ARG o N TN AR ST 1 8 S E AR SIS 1 i LS A5, 3 A ) USRS B S IR S . I B R
5 JE s, K5 T8 PR AR 180 °C, 838 B e AR A 172.0 °C; 4k£ETHE E 200 °C, &8 B iR IEE M 190.4 °C.,
I AP O %, Fe AT kAT T 5286, SR OFS 4R 4 & 4M2E 24 mm, BEJE 1 mm, K B 500 mm %) EL 25 45, HE 9 3 28 28
HREE ) 45 TE B2 R 200 mm, S5 455 5L 2 WY 22 60 B A0 VR g AR A A5 T IR BEE 180 °C B, BLAS 4 P ITREE S 178.9 °C,
T 2 v U B A (R 28 58 im0t Kb ) %) 3R T AR R AE 160 °C DL, o i 2 R AT 52 58 I/ (19 NEG 48 18 19 S5 (I 3475 T
[ N

B: steady-state thermal B: steady-state thermal
figure figure
type: temperature type: temperature
unit: °C unit: °C
time: 1 time: 1
180 max 200 max
179.11 198.94
178.2] . 197.85 I N
177.32 196.81
176.42 195.75
175.53 194.69
174.64 193.63
Ea 7%
17193 min 0 100 200 mm 190°44 min 0 100 200 mm
(a) 180 °C tube (b) 200 °C tube

Fig. 5 FEA temperature map of OFS tube inside the short magnet
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ARSCHFFE T —Fh NEG B8 JH B2 £/ LR T2, 3 i 16 25023 A5 41 20 238 58 5k 0 e vl BEL i 3488 7y 7 5 92 B 7
L YO Sk v T TR, S U B O 7 S A L, A R TR B R O T 228 i DL R S 4 S A
T A B T AT 7 i 7 B 4 TR R R LE SN BB S 180, 200 °C i UL X NEG 18 5 3 47 7 28 31 I 114 2L
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LAy, AR A X P, SR S5 R 5 05 A5 R A R — B0k, 500F T 76 20 B0 7 =X 00 ml AT 1 RG22 4
(2) HE A LT I 25 487 T A PO il 58 J2 50T A R R AR R A Sk R IRLRE, 80 IR 180 C B0 T, AL 12 J2 940
PI BRS80S VR 2 () B A 28 7 J2 B 4 P IR AIR 6.5%; (3) 6 /8 3 W i I AR B A 180 °C B, SR FH 4
1% 5 7 AR AT 76 2R BT 00 0 R P 3 s A Y A A TR Y T AR B O K

A SCHIFSE B NEG 45 I 3525 4 O 7 2R 0% T 25, 9 HALF M 55 BL28 B A5 4 it T S BRAR M R 3% R4
AR AR 2 — 20 W3 SR 000, Ok A ] R % (R B L PR R I 23 Rk ) 0 Ak 552 Ty T e gk — 2 O A 5
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