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The Status of TPS and TLS

Photon Source Taiwan Light Source
2016/10/08 08:51:28
3.00 GeV E: 1.50 GeV
300.70 mA I- 36169 mA
13 h 58 min 0 6h10 min

Taiwan Photon Source (TPS)

518. : *
58 um S 158 pm . l? 4m (1.6 nm ra)

30 um Syl 71 pm

0 Q48 o (wrapon)

The X-ray spectrum (photon energy 8 keV ~ 70 keV):
the brightness of bending magnet >10°.

the brightness of IDs: 4~6 orders of mag.
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Taiwan Light Source (TLS) is the 2™¢ thlrd

generation light source (1993) ="

«  The 1 39 generation LS in Asia (1993)

+  The 2™ LS using the SRF cavity (2005)

*  The 3™ LS running full time with top-up injection (2005)

*  The most densely-packed storage ring with the highest
number of superconducting IDs!

A

I

SRF Cavity
SW6
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EPUS6 Storage Ring

(1.5 GeV)

Commussioned in Apr. & opened to users in Oct. 1993

+ 1.3 to 1.5 GeV ramping in operation in 1996

Operational beam current at 240 mA in 1996
Booster in full energy injection in 2000
SC-wavelength shifter in operation in 2002
Cryogenic system & SW60 available in 2004
SRF cavity in operation in Feb. 2005
Top-up injection implemented in Oct. 2005
1%t IASW installed in 2006 & 22 TASW in 2009
360 mA in top-up mode & 3™ IASW installed in 2010

LINAC

Booster Ring
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» Circumference — 120 m
» Critical Energy — 2.14 keV
» Natural Emittance — 25 n mrad

> Average Pressure (200 mA) — 0.68 nTorr

» Accumulated Dose > 8000 Ah VUS\)/(

» Life Time — 10 h VUV
SX

> 1993 — Operation 1.3 GeV 1;§

> 1996 — Ramping to 1.5 GeV HX

> 2000 — 1.5 GeV Full Energy Injection (200 mA)
> 2004 — Operation with Superconducting RF
Cavity
»> 2005

HX

— Top-up Injection at 300'mA HX

1000

10000

ID in operation

W20  (1995) 4~15keV
U0 (1995) 3~ 500 eV
US  (1997) 60~ 1500 eV
U9 (1999) 4~ 100 eV

EPUS.6 (1999) 60 ~ 1400 eV
SWLS (2002) 4 ~30 keV

SW6  (2004) 6.5~19 keV
Y IASW6 (2006) 6.5~19 keV

New ID in planning
2nd IASW6 (2009)

3rd IASW6 (2010)




Major Parameters of Taiwan Photon Source

Energy

Current

SR circumference 5184 m (h =864 = 2533, dia.=
BR circumference 496.8 m (h = 828 = 22.32:23, dia.=

3 GeV (maximum 3.3 GeV)
500 mA at 3 GeV (Top-up injection)

165.0 m)
158.1 m)

Storage Ring‘

Booster Ring ,

Lattice 24-cell DBA
Straight sections 12mx 6(0, =12 um, o, = 160 um)
7mx18 (o, =5um, o, =120 um)
Effective 1%
J \' R
Beamline ID type Ty O,Of Field harmonic
[mm] Period [Tesla] [eV]
0.79 1684
S
I0 VU 22 140 (1.02) (1221)
7 3
109 vu 22 140 (8'9:) (if}”)
109 VU 22 95 0.72 1852
121  IVU+Taper 22 140 (?' 0(;) (,iﬁg)
0.75 1792
4
123 VU 22 140 (1.00) (1265)
= - 0.75 1775
I25 vu 22 140 (1.00) (1243)
I25 VU 22 95 0.73 1822
141 APPLE-II 48 68 0.84/0.55 484/968
I41 APPLE-II 48 68 0.83/0.55 494/968
145 APPLE-II 46 82 0.78/0.52 592/1118
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Milestones of Taiwan Photon Source

TPS Accelerator Su

TPS 2nd Phase Commissioning
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LINAC

Parameter Specification

Bunch train length (us) 0.2to1(LPM); (SPM_FWHM<1ns)
Charge in bunch train (nC) 25 (LPM) (SPM21.5nC)
Energy (MeV) 2 150

Pulse to pulse energy variation (%) < 0.25 (rms)

Relative energy spread (%) 0.5 (rms)

Normalised emittance (1o) (tmm mrad) | < 50 (both planes)

Repetition rate (Hz) 1 to 5, adjustable

Pulse to pulse time jitter (ps) <100

LPM: long pulse mode; SPM: short pulse mode

electron 500MHz 3GHz accelerating accelerating accelerating
source SPB Bunchers section 1 section 2 section 3

screent screen3 screend screen5
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Booster -
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Correction, Quadrupole, &
Sextupole Magnets

BPM with
Quadrupole Magnet




Layout of 1/6 Super periods (L = 86.4 m) for the Electron Storage
Ring Vacuum System

..................................................

M ﬂ”"“%-n% I Arc Unit Cells (4x) |

\,‘ : 1x B1 for ID beam lines |

h\%\% : 1x B2 for BM beam lines |

________________________________________________ e : |
12m Long Straight (1x) -

- Injection system
- SRF cavities
- Double Insertion Devices

7m Short Straight (3%)
- SRF cavities
- Insertion Devices



A Standard Ultra-High Vacuum Unit Cell
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*Bellows (2)

*Sector Gate Valve (2)

eExtractor 1G (3)

eTriode IP 200 l/s (4)

*NEG 350 l/s (8) +2001Us (2)
*Magnetic suspension TMP 400 l/s (2)

B1

for the Electron Storage Ring

*BPM (5)

*Crotch Absorber (2)
*Photon Stopper (2)
*Front End Valve (2)

*Pumping Gate Valve (2)

LG asiuTg - 1258



Typical Design of Bending chamber (~ 4m) assembly for
E l ectl/‘on S tora ge R in g -~ o (a) Crotch qbsorber tor ‘dbSOl‘bhlg ~6.2" (80%) of the

unused SR light from each bending magnet (BM)

(b) Local pumps (TMP+SIP+NEG) N
for pumping the PSD outgas \
» .

 Simple structure of vacuum beam ducts
along the beam channel, no flange, few
absorbers, few bellows, “for lowering
the 1mpedance

» Completely oil-free and precise CNC

Bending Magnet (BM) Chamber
Crotch -\bson ber

TbMi \Pmp

machining for the B- chambers and TIG
welding in the clean room to obtain a B2 chamber — ..c...
clean surface with lowest surface

outgassing rate and the consequent
lowest pressure.

 Strong back supports for the BPM
fixed on the girders for positioning the
BPM precisely and cooling channels
drilled through the B-chambers
provides an uniform temperature
control for assuring the BPM shift <
0.1 micron against the thermal stress.

Sector Gate Valve

BPM on B-chamber BPM on S-chamber

1. Button : 6.9 mm
2. Gap : 0.3 mm

3. Distance : 17.5 mm
4. Angle : 6.7°




Taper IU2

Sub-p Soft X-ray

S0l REAS :::: r:: p-U:: SR23
3.2m EPU48 (1+1) 0. 48( )

Port No.: 41(SR21)

3 GeV 500 mA

24-cell DBA

Port No.: 5 (SR3)

i Protein Crystallography

ID:12mX6;7mX 18

Phase-l

22 X2
Sm w2 Xi
Sm 22 X4
EPU46

Coherent Scattering SAXS
3m IU22 +2m 1U22
Port No.: 25 (SR13)

Nano-probe Sub-p XRD

3mluzz 3m lUT22
Port No.: 23 Port No.: 21
(SR12) (SR11)

Temporal Coherent XRD
3m IU22 +2m 1U22
Port No.: 9(SR5)




TPS Phase-I Beamlines

(Open for user service on September 22, 2016)

05A Protein
p—crystallography 09A Temporally
/ Coherent XRD
sAswb-mm S 21A X-ray
soft X-ray Experimental Techniques . NanoDiffraction
SpeCtroscopy Imaging Scattering Spectroscopy
(C OlllllllSSlOIllllg) CDI :tructulal scattering | XAS | XEOL | RIXS PES
05A Protein m-crystallography u 23A X-ray
09A Temporally Coherent XRD . . Nano-p robe
21A X-ray nanodifiraction . = = (mssiomn )
23A X-ray nano probe ] | | [ [ | g
25A X-ray coherent scattering | | | | n ’
41A Soft X-ray scattering [ ] | | [ [ ] [ ]
45A Sub mm soft spectroscopy ] [ ] ] [ ]
CDI:  coherent diffraction imaging

XAS: X-ray absorption spectroscopy

XEOL: X-ray excited optical luminescence
RIXS: resonantinelastic X-ray scattering
PES: photoemission emission spectroscopyv

25A Coherent
X-ray Scattering

41A Soft X-ray Scattering o
(Commissioning) A g o P 2 ‘ﬂfi ‘t‘_ﬁf‘ tﬁp: )




Outline

* TPS control system




EPICS/OPI File and Nan'le Server.

Gateway, Archivers. Beam
Physics Server (Modeling
System). Display Managers.
N [l i —_— : 3 - : Database Server,
and el - -1 =SS e e Alarm Server, AP Server. Boot
S| . - . s Server, Monitoring Sen ices
Storage Server .

| -

| —

:==l

| ﬁ%ﬂm

Router Control Ethernet _1_?
1 - , PLC-1OC
T cPCI EPICS IOCs Miscellaneous I —

EPICS IOCs — f‘:
10C mEmmmn v EEEmE o m S -
Input _ | I \

C() tP t Beamline Network, Standard cPCI EPICS OCs =7 ‘
y utpu o A el In'tel CPU/Lmux (fully preemptive kernel )
Controller) EPICS Devices - High volume IO |
Signal (e.g. EPICS - High speed serial connection (GbE. ... etc.) !
Conditioni Oscilloscope. .
Private et . etc) Miscellaneous EPICS IOCs Safety Type

- Pentiumy/XScale/ARM/PPC Linux

Ethernet - Soft real-time system R
b \ Timing - RS-232/422/485 Devices
- CCD camera server
Field Devices - PLC (safety type system) P A 3
(Power Supply, Motion Controller, - Bunch-by-bunch feedback systemyinterface. '_3_;4. °

T XT Inctrmments ate ) - Special applications 220 . g P N T AR 30



Software Versions
Platform OS EPICS

Server (NFS, DHCP, tFTP, Web) RHEL 5 (32-bit)
MySQL

Server (OLog, CFS, MASAR) Debian 7 (64-bit)
MySQL, SQLite

Storage Server (Archiver) RHEL 6 (64-bit)
PostgreSQL

cPCI EPICS IOC Fedora Core 11 (32-bit) base-3.14.12.4
Kernel: 2.6.29

Miscellaneous EPICS |10C RHEL 5 (32-bit) base-3.14.12.X
Kernel: 2.6.18

Control Console RHEL 5 (32-bit) base-3.14.12

edm-1.12.xx

Control System
CHidiln ) 42q



TF5 Main Control Panel

Taiwan Photon Source

SR Pube Mag

R Boosier Ring

s | [es | [ ]

Y | Voo | | RF I

Tempey ature
Save { Bestove | !

Beam Energy: 3.000 (e =0T Eazm Jige #: 13456 um

Machine Statuns

Beam Cument 11713.635 ma
Beam Lifclime: 0,000 Iwin
Iecton ET: F8.L3

Eazm Jige Y B.AZF  um
M 26,1766
Huy: 13.2r98

| BR =tatus I | 3R Status |

TFS Linac and LTE
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TPS Maln Contral Fanel

Taiwan Photon Source
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TPS Operational Handover Information v1.0 - NC; c130525-dpo7ke

File | Edit V(k'cal Horiz’Acq | Trig | Display | Cursors | Measure | Mask | Math | MyScope | Analyze | Utilities | Help n
2016/11/25 14:08:18 v
SR Status Pulse Mag LINAC Feedback
Mode Top-Up BRinj. sep. 105.2 Gunmode  MBM FOFBH On
Beam Current(mA 301.274 [BRinj. kicker ~ 16.4 Grid volt.(S) 33 FOFBV On
Beam Lifetime(min)564.204 |BR ext. kicker!  18.37 Gunvolt.(S) 235
Beamsize X(um) 57.18  |BRext. kicker2 17.67 Width count 30
BBFH W
Beamsize Y(um)  33.39 BR ext. sep.1 318.84 | 2nsstep Y
BBFV
Tune X(from BPM) 0.1468 |BRext.sep.2 4445 10ps delay 100
Orbit ILK(P) (@
Tune Y(from BPM) 0.226 SRinj. sep.1 41934 Mod.3 HV(S) 35.58
NuX(from BBF) 0.1672 |SRinj.sep.2 417 RF Status 4996547143
NuY(from BBF) 0.2525 |SR kicker1 84 RE2 remote ® RF3 remote -
Bucket Start 100 SR kicker2 8.31 RE2 OP mode = RF3 OP mode -
Bucket Last 630  [SRkicker3 831  |Rr2gapvolt(S) 1400 |RF3gapvolt(S) 1400
) sy el e e
Bucket Step 10 SR kickerd 8.25 RF2 phase.(S)  -60 RF3 phase.(S) 155
bbbttt T @D 70.0mV/div imQ %'SDOM u— Time 960mV ‘ 500ns/div 10.0GS/s 100ps/pt
H H H H @ 4.0Vidiv 1MQ B:500M __HorzDly: 1.2uys Pk Detect
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fopt/tps/gui/edm/linac/ppt/opi/Mod/LI-RF-AMP.ed|

Linac RF Modulator 2

Amplifier operation mode:

Global:

Preamp. |

HV ON

]

[READY FOR HV |

| SF6 press. .|
HV sum ilk. ()
ctrl.

High voltage power supply:

Safety:

High volt.

34.77] 0.4 kv
EENEE]

[‘Overload 'I

Modulator Cab.

[ Overheat. .I

|Front door () |

[ vaswater.'

|Back door () I

|Emergency O |

Thyratron:
Filament @ current| 86.2 A Klystr. PS Cab.
Aeser
Klystron: |Emergency () I
Filament | 35.3 V| current | 23.2 A PSS Interlock.
Water in out 58
Power dis. flow BEAM 1 2
il Temp. arcent. [ 0] 00
Pulse volt. current Hl

[Coll. Water O

| Reset |

Klystron focussing magnet power supplies:
Foc. 1 volt. current [ 39 A|  [Earthleak. O
Foc. 2 volt. current | 39 3| [Earth leak. O
Foc. 3 volt. current [ 39 A|  |[Earthleak. O
Bias volt. current| 10 a| [Mag. water O)|
Cabinet interlocks: | Fan fault .:l | Magnet hot ':l

Pulse Forming Network:

Dump switch pos. | openl

i

Interlock sum: ||New Interlock @) |

Reset

|| ExiT__|

Orbit Pos.jAng. ILK  EEKI A
Activation Threshold 28.0

K3GN Panel Reading  ~ 300.1 mA
25217

K51 XS52 Latch

clAot i E’ ciAo7 i i
Claoz i E Claos i E
ClAo3 i E ClAos i E
ClAoa i i ClAt0 i i
ClAos i E AT i E
cwos [l o2 il

Storage Ring - Dump Beam Interlocks

Orbit Interlocks (Position & Angle) - 1

Gi : De-activat: —
ot A e Beam Current 300.55 mA
CIA13X58
1e+06 PositionX
ILK Enchle El
true 5000003

clA13 E E CIA19 E i - o
clalg E E clAzo E i
Al E i izt E i
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TPS ID CONTROL PANEL - IUT22
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Storage Ring Vacuum Pressure
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* Introductions to TLS and TPS
* TPS control system
* Front end interlock control system

 Conclusions




Introductions to Front end

The main functions of a front end are:

* To protect radiation safety for user.

* To allow synchrotron light generated in the storage ring to pass through to a
beamline.

* To monitor the position of the synchrotron light.
* To protect the vacuum of storage ring if there is a leak in the beamline.
* To remove as much of the heat as possible from the synchrotron light.

* To allow safe access into the optics hutch when required.
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Scheme of FE Signals T rgAnsmission
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Hardware of TPS FE Interlock System
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System Architecture of NI Compact RIO
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Reliability increase and fail safe
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Network communication
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Conclusions

* TPS have operated for user by 3 GeV and 300 mA top-up mode.
* TPS BL construction is in progress, 5BLs are operated for user.

* Radiation safety is upgrading for human safety.

* YOKOSO TPS Taiwan.
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