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Construction of the Vacuum Systems and the
Technologies for the Taiwan Photon Source (TPS)
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Taiwan Photon Source (TPS) is an accelerator-synchrotron light source of 3 GeV in energy which delivers high
brilliant Soft X-ray and Hard X-ray for experimental researches. The electron storage ring, major part of the TPS,
is an ultrahigh vacuum (UHV) system of 518.4 m in circumference divided into 24 super-periods each contains a
long-straight section, 7 m or 12 m in length, and a 14 m arc-cell section. Aluminum alloys were adopted for the
electron beam ducts. All the 24 sets of 14 m arc-cell vacuum systems were entirely produced in-house in the clean
room including the works in series of assembling, welding, installation of vacuum components, vacuum baking to
the UHV, and sealed. Each arc-cell was transported to the TPS-tunnel and installed on the girder supports, and then
the long straight sections be installed and baked to the UHV. Methodologies of the construction for the TPS vacuum
systems, the components, and the installation techniques will be described in this article.
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MAX IV (0.5 nm-rad) FZ3£E] NSLS 11 (0.9 nm-rad) ;
AL A BT (500 mA) EE R A 5 H B 228
T {FRG S (insertion device) DAEREE =5 HY X
o B IRBIER T SR RE ST HE T B i = B S /K HE I
HAE SR - TPS A 2007 4EBIIAEAEZE 2014
FELHESERR R 2015 FEYEER AL R
Ft% o (EHEPELEE 10 G IEICRITEL 2 PR
HE SRR TR TR 500 mA FfEE RS R
AR AHS 2016 ERERESER 7 B H R
EEULEESAEER 9 B 19 HEIERARBRLL
300 mA HIIREEF (top-off) A AE 78 — % Hufe
AR ELIRE B BB -

(b) BEFEFIR (TPS) (2014~)
518.4 m, 3 GeV (1.6 nm-red)

B 1 R {52 % 58 77 71 B 22 ) A @ B 1 9 AL
(NSRRC) Z {8 55 = AR A s 25 e 5 i it 22
TEFIE > B : (a) S5 1993 FhilAEE 2 5
B9 1.5 GeV " &R (TLS) ; YNER - Hil (b) 25 &
3 GeV " HEYETE (TPS) ) ZNEFEERZHE -
TEE 1(b) AfEE A - JEE KBRS B N E R (1)
I ER IR ARRSER » SN Ry (i) YRR E b
& - 5 TR (TPS) B4R WO LEERE
EE 2 Fros o BHE () e EAE
& T (2) BfIEREER TP RCE T AR E G IEE] 0.15
GeV REERIEA " (3) MEREIR | BRfE - EIETFE
"(4) =EHEE (BR) ) FRAREEE] 3 GeV © H5[HIE

(a) BEJEIR (TLS) (1993~)
120 m, 1.5 GeV (22 nm-red)

B 1. A4 T B RE 255 2 P (NSRRC) Wy 5 =R F F Aeik B RR © (a) %Lk (TLS) 2

(b) & % % T (TPS) -

6 FHEHAN 210 H7 106.3



TOtREESE

(1) BE AR (SR) ¢

(10) BERIS  (9) HTRIR °

2. 88 TR (TPS) AA RS BALRETER -

TARER T (5) FHfke  FEAZE T (6) fFE L B
% o EEEIERE R RE R - HEERRASEE
MR RER T A B T REEIFFRTRESMHEN
B RERESFES RSN A o) B B8
TR T(7) RS, 3 " (8) FELFRLE , R
LRSS - BaRIE HE T (9) AR,
K U0y Ehanh, ETERUE  METRENT
EFERVREER " (1) EEEEEE (SR) , #7T -

EE T RFEVUEEZ2IE (Beam duct) FHYZ
EFE T HEFEDL 3 GeV RERMITRERGEETT
R Ze e NER A EHERF SRR 1 x 1077 Pa (FHE
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(8) HEMH B

(3) 1ZREIR

9) YR 10) &3S
(7) (T, (©) iR (10) AL

A1 x 107" KGR < 1 x 107 Torr) 19 T E

F& (ultrahigh vacuum, UHV) ; » DA ﬁ%ﬁﬂﬁ
RIS TEESEECRRIESL (beam loss) BUAET-IK
5| (ion trapping) HYANFETE 14 K 32 T pis [ HEF[E]
FERGH e LN e EEREE R ELE
A& 3 Fow o BEAh - B R EE R N EE A
BB (> 0.5 mm) FAVEEEER RS
TR R ERGER S [ " EIEES (wake field) |
POEAR TR EE T R EEREETARE - AlE
4 Fw o Rl » TPS REfFER E 22 R E T R
B E 2B T AN B I N 2 1 R A T e R
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4 EGERAEZARFAEEELSFEHEFRTETRANDE  AZBENELRFE A
(a) BE#h £ K (b) MIFR ey A %A E T R M EBAFE A (c) I & T (Wake field) T#FE %

BEMETFTREETRABSZFEE -

FHEERE (@) <1 x 107" Torr-Li(s-em’) (FHE A5
SES NS IREE I S B U = H % S E R
) BIEEEE RSN - B SRS Y B
SPEYESEAEME (B B Taper < 10% ~ BRAEIFERE, T
F& Step/Gap < 0.5 mm) Z5[FHI] o FEHG EH 22 A 208
[EEAE 2R FRYE RIS AT < 0.1 mm HiE AL
FIBEFAGETHE 2R - HRHMAEBIE~E A <
0.1 um (R E IR e KRB RAFRE) © $1¥ TPS H
22 R AR AT AT TR SRS BN - KRR
e RELE TPS EFRIFETHEESHEEEZ
B EERRRY - AR R AT S TPS AAU IR g8 ik
THSAYER G < B 2 R B A28 F & BR TR
HZTT B A ERE T IIHIRAS B » A
B RSSO TR (TPS) E 22 AT Bl
FEIRIFHRE Bl DR i el e 2% -

s $0 S & EINERBEE I TH

RS THEATAEA TG 1988 FRilaE s
—EE IS 5 EEIE (Taiwan Light Source,
TLS) ; HIREAT 1.6 m $ad < B HL 22 RS Ba A E
R+ R RV o ) A FEE = PR P e
HYEE RS EUE T H] (CNC) BRI T 88 & e i e
J5 T[] BR A0 VP S M B A7 v Al AR i
T HIN G B AR U T o AR (R B R T AR
HIRST ~ BB BB ABRIEREZE BN
FEIN T (finishing) #ERUIHIZREAGA 50 pm L
BEE ARz R sa B S S E R 1 - ERRESR
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G leRe R B AR E AT F I AL DS EIERTFR
SRR - AE TLS WA sy R B R AT &
HZeMERED - TPS HAERGIEEEL 48 Ml 4 m K
R B 2 - AR RS T A e — R
R FIAEL & R (8~ Fr AR AROM I 0% S S
—lEZERE - HEEEIN LS Y - S REER
FEFEH] R EREBREFRNR @ a2 HHL
WP EE G - RELFHTINT 4 m KT
fY CNC PEIRTE BRES A (LT 75 (1 P e P S A R
EN - EEEPRRAEGIEIR 25 + 1 °C AR AT
INTAFHERFRORAE ERE - MR = AR R
(RH) < 50% HYIR5ELARE 9t HI % 2R R E AL
FRYSER o MRS A O R i 2 St ZE T { Lt T JEE R
MRS RE R —120 °C HYFRRE DURESRRHHITS F iR,
N TR AR EiERE %¢ o FEIRATILEY CNC
TR~ o FEFE=(E I TR BT
MWHELE 50 mm &S NFR (GE) HELHIE T8
i e B DRSS E I DUR SR () T L HI
#o LA G 22 SFE00L - B G M A S 2%
TNN T LARESF IR SER P HH FE B ER AL R TR i
HRAER] <20 um BEEREEC - TPS L 3 4R
s FLZe e A SRR 2 TR AT SRS CNC il
RREANE 5 frs - BE EERBSEK 4 m REE
PR EZEE SR BRI EE AR % - (hRE A ERRX[E CNC
TN EE = v DU S U HIEE 255 B2EA R (flange)
B A B B EL 22 e A B I - IETERSS R HIRE
(e B 7 B (R U BERE P - 2008 6 Fis > AR
BEMUSGREIA T LI R E PR TR LR



Type-2 B Type-3
(18 sets) ¢ (6sets)

Type-1
(24 sets)

Upper half (outside) Upper half (outside) Upper half (outside)
3855 T 3892 . 4165
N f ©of
o S 1 |
Lower half (outside) " Lower half (inside) " Lower half (inside) : §f
Rough . Intermediate _| Precision
Qil-free CNC Machining Machining Wait 3 days Machining | \yait 1 day Machining
in Clean Room
(< Class 10000 @ 0.1 um) Tool enter increment: Tool enter increment: Tool enter increment:

0.3—0.5 mm 0.1—0.2 mm <0.05 mm

-

5.TPS # % 3 Kég oL AT o P AITHMEHK CNC ImiRA2E -

(b)

(d)
6. P AR R R R B M LR E CNC #ME /7 —RmT : (a) mTA] ~ (b) AL R
oo (c) MR EAR  (d) A LB EE T AR () MBAEEFEE -
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,’\ \,H Wi wdorch 4 (BTE)
Torch 5 (tE[@2%h) . & ,‘ﬁanorch 2 (BE)
Torch 3 (EEIBE) Ny

(d)
B 7. 480 A0S B L AR AT ¢ (a) F TATHEANALNEE © (b) LT E R S S IRAT (o) B By4TEE
WM (d) B HARETEE - (¢) A BATERER i -

HE AP PR B S 2 - B M E 22 RS e hn B
FREER AR N B AR BT I A i B = B b
17+ Al RFRF A LG VERR S R B AR (F 2B L m]
RERENA R - BURERE I TRy A - It
TG A 25 10 5 il o, ke P 80 5o s R At 5 g e 1
HER TN E T R A B (HHZS (beam position
monitor, BPM) % FL [ (taper) HYSAE & H 22 HE
DUR SR i F e o -

= RE SRR

taa e BN EA S RSN 558E - HRA
B 54 R SR I I A B = R A SR A e
b $RESERR AN B2 E SN R IR -
B EEiR T MIERLIN - AR R P
EIME o IR 4 m KRS S EaERIERE I DL
M85/ E 14 %8 (tungsten inert gas, TIG) ; {678 T &
57 HUSRE G - BB R SR M R 50
mm HSANERE R SR BT B BT PR 2L IS R B S B Rt
YRR AEJY )58 4 mm 2252 TIG $REEEFEE
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NRRAHE S EZERRE o B EHIHR R E R e
HIEET & - JIDOSE RS E TR HE R R R 2D
SR E TR BV A L IRSH AR - BSR AT
B SR RE S 2 TEEE] 90 °C A FHBH D SR B 8
Ui o 2% [E 7 Z TPS St i L H 2R R i
TfEaREH - AEBERIL 4 m KRG SEBRE
Zefresk at—iH B B R R R M E PSR R R A R A =
& - (EWSE RS AAT - b BB A SRE =
fH TSR (torch) , o HANAHSRAE AT [EIRE L ED E B
$REZ - MeRMERE Ry E M iR 18R E) - RN AT
FHEM =R (B 7(d) IR Torch 1, 3, 5) [H]
ARl GRS B DUCR 7 55 P2 IR B RS S E A AT IE
PREEEAE th L S AN RIS R R R R 2 SR AR A B HH T
REL » K5 88 (58 T 50 R & =B R §R #2857
o ISR E ER ] DUEREE A RSFEE <
0.1 mm KAEFAEEIEE < 0.3 mm AYRLED - fHeps H
ERENAIAVSREERIAN TR /7 e pE - F THE
TREBEN S B IE R RFLAAE - B SR B ELE
25 + 1 °C [HIRZZ 3/ R AHENERE < 50% HYMRFHIEEE
% (Class 1000) NHEST » KgaG S H 2P IF %



NEFEAUENE UL LA (R A $55H A A VB A U SR B ]
L€ - ST R R T B R P R ]
BERFRERF RERF N ZH R BRI EZE R T
Rl 1

M « BPM &3 1iT

B AL EEHEE (BPM) Byl a5 iy B 22
HTTE - DLORMEE 1 7 R B AOE T UERY
EREE - MAMESEHEY " EES] (electric
feedthrough) ; HAFTHHHY " MR (pickup electrode) |
T B B 1 SR R R Y B FE R U AR HE B H B R
I R EAFOMSE - R EHEREM - (HE
PRER AN B - K BPM AL ENWAEIER
TR - fEEmE 22 R E ARSI - EEIMAEE
B ESES] BPM M E5 8 BPM AEEHY
NREERZEIIHIE A 0.1 um > FHH] BPM L K5
HSEFRRAMGEE « IAh - TR EERE T
FEARET & ks E 225 A F] BPM HYHI SRR ES

(@)  BPM on B-chamber

BPM on B-chamber

FEHBEE " #EEIEE (orbit feedback) | AT RN
PEEFARHUER ERIDIRE - Rt BPM HIEETE
Blsfnts FHEEEFES 50 Q BYSFERARES DT -

DAHTI 1 R FH 570 AN UL i 35 B S B 3R Y 1 8 Bl B i
#FMRE - BPM B85 [ 88 Y [F 0l B AE G

JDAJE R L PR 5 L 2 e 4 1 K NBR ) R R o B
2 50 Q BHFUHE SCBFEHIRTE < 5% #ilE N A& EL
(optimized) F%EH® - 3Ifi 5% A & SR EEAOM BRI S 0
Kovar HU/[MEHR » Ceramic fHZEE%EE - Kovar [A]
HhEE S [ [EE fAH B N SR LR~ RHT
I A EEEMRE - AR TR R —#EZ BPM
R JetE A B 2SR (vacuum brazing) K EE 5
$7%% (laser beam welding) ZFH il - FHIA TPS &
%8 BPM EE5 A% B LG R RSS2 H T A
FHUEHR G - KT EEE AR TR B R RE N
TEREEMBAMRE M RmERN B THE
BPM HYELEFlrE H A - 206 8 Fis TPS 2
BPM LR EE RS [EEL T EOERE - SRiE BPM
T E RS R — M 5E R BPM B 4

(b) BPM :E3

Lo BEEAA T

12

10 0'8

08 06

0.6 oA

0.4 0'2

(-2 S B ) pep— . A
9 02
04 ‘g'é <5%
—g-g (commercial) 08 (re-design)
10 9

425 430 435 440 445
time (ns) time (ns)

12 : 'ThE -t
42.042.543.043.544.0 44.5 45.0 45.546.0 46.547.0 47.548.0 Lol 5:1

8. TPS % BPM A& H 3| TAR st H | : (a) TPS AE X BPM @&  (b) BPM A3 T ~ (¢)
BPM & &5] T o &% E > (d) BPM E 5] R4tAIRREAL -
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(b)

© semms

(BRI IARFRIEHS)

9.TPS K7 # 4 % Tt

B () Sk B#E - (D » BB SE

%ﬁ%[a@ﬁ TEEL(E GEIFIRAY 24 (HIGAS S R &2

457 1 BPM » &1 168 #1 BPM HRE FHIHLE
ZEHI R EEFRET - FTE BPM JERER ARG T 2L
{E7%& (thermal shock) ; HIG, - ELFEFHZE R (25 °C) #%
ATERER (-196 °C) 1E18 3 KR EZ2HEE (150 °C) 1
R R REA ERLIERIRFEREEZE -

h-R14mBRBESEZERALER
E L Fk il

£ 14 m BEREEEZZ AR (vacuum cells) F&
24 %IEE’JEQ%%% PRT EREsRE e
HZEPERE SR 3 m A EE " R (aluminum
extrusion) | E”“H’h&ﬁﬁfﬂ 4 m BEEELPNFE CNC 0
TiRESHZCERERNT 2 L EEMN (RE
& < 0.1 mm) REFEER—HE - [FIFZ2EE 5 {3 10
il BPM 155 > FLEEREELENE ST - 10
[ 9 s A4S ¢ 4 AHABIEEETHY Agilent Starcell
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(d)

()

RF Fingers

D(a) BT HH (b)) NEG ¥l (o) sHREX BT AER (@)

L

ESSd S palSdtilm
(NERRSIARRIEHE)
Comb-Type RF Fingers

2285

=i EE B (IP, 200 L/s) ~ 10 1 SAES C500
St707 T IEZFE A G (non-evaporable getter,
NEG) ; E# (350 L/s) ~ 3 {l Leybold " #Mi = H#
FHEZEET (extractor ion gauge) ; ~ 2 {EEFRE " Hi
Hﬁm/ﬁ):' i (comb-type RF shielding) ;, PNEERY 78
ET VAT T =585 MY (sector gate valve, SGV,
100 CF); ~ 2 fNAE " BRAR =S (RF fingers
shielding)J Y MiraPro " $£<BHE (Ti bellows) |

FO 0 RERE 2 EEEGEDN VAT 248
ﬁ'&ﬁF"ﬂ (front end valve, 100 CF) ~ 2 $J& 8L G
TOYAMA #i% " 537 R ER (croteh absorbers) |
S B T OB EE 2R (photon stopper) ; ~ 2 f
Edwards 117 2078 H (TMP 400 L/s) ~ 2 {F
FFfE TMP HY VAT <8I (pumping gate valve,
150 CF) % - H.r1 Agilent WEE T (B 9(a)) £
@ﬁﬁ%?ﬁﬁ#ﬂmﬁ“ﬁﬁ\“%ﬁﬁtmﬁ%ﬁ 450 °C #EFF
24 /NRPERE S EZEREE 5 VAT 89 SGV M
(& 9(d)) TE g e 1T B 2B E] 300 °C #EFF 24 /)



FREFEE AR UERHT - L ERTH RIS
KRETEZ BRI ELE MR S5t B IR BB R R A5t
SRR BN EEXEIAT LR Bk B
HH » DUHECR TR R R R AR -

TESERR 14 m HZ2AM A IEEE = NAHSETE A 1R
A E 2R - RS EEZ SRS Sk
BEEE - VRS R R TR B EEE 14
m E 22 AR TR B A I R = R
AR REE o ESERK 24 FE 14 m HZ2RAHE
4tk 0 BtREIT SR BB IESE - —RIFIRFHLE
3 FEEZERMEHEE] 150 °C HERTIR 24
/NSRS o SP R ERERT 6.4 x 107
Pa (~ 5 x 107" Torr) ° A B EL 2224
HEE R R RVEER TR EERE - F
MEHEHEIR DL A ZFEE A ERR? -
EMEARTENR S — RIS E SRR HEE
(E3 B T H MR E R S E 2 S I
RR%E - B DERAMSEE RS E R

R R e ey
] !i. !?ﬁ.'l I“’

()

e Fr R E B (PR PE E W R S RS A B8 E
SER% > DAERAES TS (in-situ baking) {ESEATH
AR SR BT B RS e b B TR H R B D T hey
FEEY o AR N LR Ry S5 BT
A 24 £ 14 m BELAZERMLEIEN > AE 11 Z
ZEUAEAR  FE WS R MR E R EZE
PR SR B R mE L R R
HESRRTH RO BE S RS 28 - B 12
Ry dEsm s — TR 124 BREEREROECL
SEFR (IR B 14 m BELH 2R - BRIEESERL
TR ey B 22 R ML SSE (R - FRERAEATHR
BEARMAE L AlKERR i ER EHRE
IR ~ BRI - R E R M
B3 BRI B R S | IR E Bl S AT 7R
PR E IS DU R HI R B R R TP A IR eSS &
anifilay « B2 EEEHR - BRI
M > DOFIEE R IR e E i Bl s 2 -

(d)

B 10.24 & 14m $HAZZAARBETFHRE TR () FBAKARBMELERAE  (b) ReBE XSG
ABZ B CORKFPEAMAKBEIHBELFKE - & (d) BITAERY -
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Lower down to the Girders Lock the Cell on the Supports Cover the upper-half Magnet
11.24 J& 14 m Cell &% £ %R 24 (1) REZE TPS B AFRE ~ 2) Bu4s B E R E-F4 + (3)
AREBEHTAGERREREBARER  (4) BESBEFTERFHETHREIRERE (5 BR A%
AT E S (6) FrR s BAE TR Brbdl o 4 Cell W RER| 2 T T (TR 1 —5) 494 N 0¥ -

1 A

12.TPS R [ XA FIR 124 L O RER (LR KE —AmHE) R 14m S HAEER &% -
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. -+ =A
J\ ﬁ%nﬁﬂﬂ

it RN SR = 22 R » JEIR R Z FE TR
FEREZZAMER S GEMERE » THE 24 &
14 m 8P H 22 R 2 BE JH R E B i (KSR
RE R R S - IMARIL A2 R
S o ALRE A SRS CNC f&E N T =3
g e BT R PUEE R - WA SRR 5e i
MeSF Rz ~ ZKINT ~ JoiRREE - B2 - BUEE
B 5 BN > thEfTRRGETEGS KT BPM S
Tt BRI - HEEE Ot
PRI EHECEC HEZ 14 m BESEERMER
£ TPS RFERAEREIE A i 2 S H B 5 AE
(2 By T H BRIy - SR SE R FE S R &
58 HRNEG I REEREREZERM - B
1 5 ROHERZRERERR © KRE IS R A B RR AR -
ASCRrALE TPS SEIRFA AR EREZ R &
FLZE B R AR s A TR i Il e & BE 22 e AR IR
AR - AT E IR SO EIRAT R Z =i E

M mr SR E S R ENE

YEH R RHBE KBS Baor ey e
FA=f1 %8 TPS A 7% A 4kt & TPS fnik
B TAZM By TAVE B AE S Bl a4kl 3E R R
FRZAER o Wb 0 BB RGHR QR MIEHEE
o T 4% A A 4 4 P B L TUAE U RO B L
3~ K& BPM M T EFZRE A KNG
AR % RE NS iR B A B %3 TPS #94&
ML 24 % AR U o sk — B
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