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The design of Hefei advanced light facility timing system
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(National Synchrotron Radiation Laboratory, University of Science and Technology of China, Hefei 230029, China)

Abstract  [Background] Hefei Advanced Light Facility (HALF) is a fourth-generation synchrotron radiation light
source based on diffraction-limited storage ring. The timing system provides trigger signals for the HALF injector,
storage ring and beamline, coordinates injection and beam measurement, and achieves filling of the storage ring
bucket with any designated bunch pattern. [Purpose] This study aims to design a timing system for HALF to reduce
the trigger signal jitter of the HALF device to less than 30 ps, and stabilize the signal drift caused by the optical fiber
length change. [Methods] Based on the MTCA.4 event-driven products from Micro-Research Finland Oy (MRF), the
event timing technology scheme was adopted to implement the timing system. Appropriate system frequencies for
electron gun, microwave system and storage ring were selected to achieve different modes of storage ring bucket
filling scheme. The timing system software was developed under Experimental Physics and Industrial Control System
(EPICS) to coordinate with the control system of HALF, including an EPICS driver, database records, and operation
interfaces. Delay compensation was applied to signal drift caused by the variation of optical fiber length. Finally, a
prototype of the timing system was developed for performance tests. [Results & Conclusions] The results show that
the jitter of the trigger signal is less than 24 ps, and the signal drift is controlled at about 3 ps after delay
compensation, both meet the design requirements of HALF timing system.
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Fig.2 Schematic diagram of the actual working sequence of each subsystem after receiving the trigger from the timing system (the
horizontal axis only represents the chronological order)
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Table 1 Design specifications of HALF timing system
LY SERER NE SR <30 ps
Jitter of trigger signals
(1Y A EREFUSINIDN REPA RS <10 ns
Delay adjustment length of trigger signals
ik 2 A7 5 A IR 1) Vi >1s
Delay range of trigger signals
fil R AT = Tk FE R 2K 20 ns

Pulse width adjustment length of trigger signals
fish R A 5 Bk 5 P Vi

Pulse width range of trigger signals

=60 ps

1) 4341 20 DDS (Direct Digital Synthesis) ) 58 15 B -
K. B F HALF B2 8 CHIAUE  HALF 2 I R
GR B AR TT 5. 7870 A Tl R 15 2% 1) 2k
fithh b, HVEN BRI T AE R R G, i A7 A 11 = A
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Table 2 The timing system of some accelerator facilities

WH BORBR L ERREES

Facilities  Technical route Completion date of construction
MAXIV  Event timing 2016

Sirius Event timing 2019

ESRF-EBS White Rabbit 2019

HEPS Event timing 7% Under construction
APS-U Event timing 7% Under construction
SHINE White Rabbit  #15 Under construction
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Fig.3 Hardware structure diagram of timing system
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Table 3 Two frequency design schemes of injection and storage ring

2% Parameters

77 %% — Option one

77 % . Option two

HL IO ER £, .. E-Gun laser frequency f, ... 83.3 MHz 79.333 MHz
BRI AR £, 00 Linac microwave frequency fio 2 998.8 MHz 2 856 MHz
TEAEI BB AR £, Storage Ring RF Frequency fy, 499.8 MHz 499.8 MHz
1 % H Harmonic number H 799 800
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Table 4 Event code distribution of timing system

HAFHY Event codes I8¢ Functions

0x00 A% Null event signal

0x01 B A HL T A A i % % 5 Trigger signal of photocathode RF electron gun

0x02 BB B PR R fh 52 {5 5 Trigger signal of thermionic cathode electron gun

0x03 W 48 SR N B A 2 (55 Trigger signal of injection devices such as modulator

0x04 LR N 2% A I 5 15 4% B fih &% {5 5 Trigger signal of beam diagnostics devices at Linac
0x05 AP AR & 15 2% B fh &2 5 5 Trigger signal of beam diagnostics devices in storage ring
0x7E IR AMEAE 5 Delay compensation signal

0x7F J¥ 545 8155 End of sequence signal

FE 35 ] AT v R A 5] 1R S A A S G i ]
(Timestamp) #5 I 2] EVM ) F 44 7 51 77 i 2% (Event
Sequence RAMD H, 7E 541 F7 51| (F) i ), S AF45 0x TF
LR PGS

2 ENRZGRREFL

] 5 4 EPICS 4844 N (1) 58 I 22 4t B A HE I, 3
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Fig.5 Software design of timing system
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Prototype of the HALF Timing System

System Parameters
EVM: mTCA-EVM-300 RF Input: 499.8MHz

EVR: mTCA-EVR-300U Event Clock: 166.6MHz

Performance Test
MXCO Prescaler: 166600000

EVR Card0 TTL OUTO:  Event 1 EVR Card0 TTLOUTL:  |Event 2

Eventl Delay: 100 Event2 Delay: 200
Pulsel Delay: 0 Pulse2 Delay: 0
Pulsel Width: 10000 Pulse2 Width: 10000
Delay compensation Test
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EVR Card0 DCStatus ®
EVR Card0 DCValue: 014d3341

2000.001 ns 1999.999 ns
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118.048 ns 634.880 ns
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Fig.6 Operation interface of timing system
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Fig.7 Hardware structure diagram of the prototype system (a) and photo of a prototype system (b)
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100 m [ YCAFE B AS EVR TR . EVR M S AH

65536
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N EVR FI7R B 28 < ) IEF2 2 K B 72 AR A i ) iR 22
RS R s Fiow

#5 DCHIMRER
Table 5 Test results of DC

I T L DC A DC

Test items Without DC /ns With DC / ns
t 5.1660 x 10°  2.3470 x 107"
t, -5.1614 x 10> 2.2860 x 107"
R G1i% 7 System error 23000 x 107" 23165 x 107!
15512 Signal drift 51637 x 10> 3.0500 x 1073

P O FR R I A% S JE 1 FE TE 2 4 B A
EVR [ 155 . 49 DC I, 718 18 A 0 &8
B4 516.6 ns, THER R G0 1% % 230 ps 5200 Ji5 15 H 6
AKEFEMNESIERANS51637 ns. JAH DCIHH
T B AH [F) 28 A8 A H AR A, 7 I8 T A X RE IR AE
234.7 ps, 14 Bk & Gt % 2 231.65 ps 521 J5 5 > EVR
(A A ZE IR A R MR 93 /D %2 3.05 ps.

DR S BR A B R B AR (5 5 A SR e IR 1) 5
M), 35 ECK B A 100.586 m FA) BRI £F JCAE 18 75 T 1]
KB H S IR 25~45 °CilR FE AR AL 5 Bl N 6 21 115
SR AEIRAE . DL N 25 °CHE R Gt (1) 28R
NFRHEAE , T & SR A R R E AR . ]
10 fit7 , 76 DC I, S6 4 A5 5 1) A i S 38 A1 o U P
IE AR, 7 45 °CY 2B IR (AR A 2T 160 ps. A
DC i}, J2F {5 5 AR iy A 18 B AR FFA R,
W VEAE TE 3 ps /£ 4 o KB DC AT LLXHE S8 AT
A RAME , TR E B R G K IR B 12 AT
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Fig.9 Oscilloscope output without DC (a) and with DC (b) (arrows point to enlarged test results)
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Fig.10 Graph of optical fiber transmission delay with temperature
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Fig.11 Measurements of delay adjustment (a) and delay range (b) (arrows point to enlarged test results)
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Fig.12 Test result of delay adjustment (a) and test result of pulse width adjustment (b)
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(arrows point to enlarged test results)
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