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Abstract: A linear timing system was designed for the linear injector of harbin institution of Technology’s
space environment simulation and research infrastructure (SESRI) -300 MeV proton and heavy ion accelerator. The
linear timing system provides precise timing trigger signals for linear accelerator chopper system with pulse operation
mode, low-level RF control system, beam current diagnostic and feedback system to meet the demands of physical
beam tuning. The system hardware, based on Field Programmable Gate Array (FPGA), realizes precise timing control
of related equipment of linear timing system in internal trigger mode and external trigger mode, as well as the control
and safety interlock of chopper. The hardware can realize optical signal communication, W5300 Ethernet
communication, multiple relay outputs and multiple synchronized trigger signals with precise timing outputs. At the
same time, the use of optical signal communication module will facilitate the cascade of systems and system
scalability, which can meet the large-scale needs of linear gas pedal timing system. The user high level software is
developed based on the distributed architecture of EPICS (Experimental Physics and Industrial Control System). The
linear timing system has been successfully used in SESRI-300 MeV and SSC-LINAC of Institute of Modern Physics
(IMP), and has operated stably and reliably for a long period of time without any failure.
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Fig. 1 Timing diagram of linear timing system triggering related devices in internal trigger mode
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Fig. 2 Timing diagram of linear timing system triggering related devices in external trigger mode (micro pulse, macro pulse)
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Fig.3 General block diagram of linear timing system and chopper control system hardware system
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Table 1 Definition of linac timing control

definition of record type for chopper definition of struct for chopper

recordtype(Chopper) {
include "dbCommon.dbd"
field(mPulsePeriod, DBF FLOAT) {
promptgroup (GUI_INPUTS)
asl(ASLO)
pp(TRUE)

typedef struct ChopperRecord {
char name[61]; /* Record Name */
char desc[41]; /* Descriptor */
char asg[29]; /* Access Security Group */
epicsEnum16 scan; /* Scan Mechanism */

}
field(modeChoice,DBF UCHAR) {
promptgroup(GUI_INPUTS)
asl(ASLO)
pp(TRUE)

epicsFloat32 mPulsePeriod;
epicsUInt8 modeChoice;
Char ip[16]; /* IP address */
epicsInt32 port; /* port */
} ChopperRecord;

4 BREEZLMR

5 i 2 380 38 i L AE S M R, (T 6 i AR R B RS, LR 1 GHz A 98 . 5 GSa/s RAER i HEE
IR GE B AL HLA T AN il R A el R AR, 3 T S5 (il & U5 R 50 s, [A)25 fill & (55 AL B,
C B FERT 2058 5. 10, 15 s, Bk 5843514 10, 20, 30 ps, /8 9% 2345 S an &l 10 Frs .

SR 5 AT A AL T I E R A il Rk AR ST (32 bit ik & ) i R v TAE D7 5, T2 Ak & {55 AL BL C
D 3l 18 SE 5352 0,10, 20, 30 ps, A T8 38 5OVk v 148 20 s, K58 10 ps, Bk 4020 4>, B C. D i ik 98 43 51
400, 600, 800 ps, 7~ P # M L5 R A& 11 frs

[, X 45 HH S8 T BBk 3h B A T 2 T ) S e o RO B R v, Sy T I A5 AR EEORS A, SR
T RSk DSAT0604B (7% 5078 I %, HLECH 6 GHz #5 5, 25 GSa/s RAER, H BRI i T B . A fil & kit 5 4
fil B AR, ()25 il A 5 i Rl T TR AR R o A AR eh, SRRl R A, DA A TE O, HEF T
BB, LA G A A A B T R AT T [ E A B SORS E T. EAE N R BT, A GE AT T,
TEHE WA 0, 78 R E A AR Eh 4041 T E DPOJET v2.2.1 Build #E4T A 1838 £} 340 5l ik, M3 25 a0 2 frs . il
IRZE R, A T IE B S [E] (8] B 15 22 (TIE) WE (B (p-p) o4 64.047 ps, /N T 3KAA 1 ns. #: 64 WL fl & A 8
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Fig. 10  Synchronized trigger signal test chart in internal trigger mode
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Fig. 11  Synchronized trigger signal test chart in external trigger mode
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Table 2 A-channel output jitter statistics in internal trigger mode

description 0x/ps  max/ps  min/ps  p-p value/ps  testnumber  maximum of cycle-cycle/ps  minimum of cycle-cycle/ps
TIE1,Chl 15393  36.178 —36.155 72.333 975 56.314 —62.164
current acquisition ~ 15.015  29.386  —34.661 64.047 65 49.640 —48.016

(AR SCH & 975 W) A I I, test number 2 48 1T YK X, maximum of cycle-cycle 4 [R5 fil & A i TIE $5 47 4148
JEHA 22 s (AR SC AP R 975 ¥R) A B KA, minimum of cycle-cycle [F] 45 fih & A il 18 TIE 48 45 4040 & 1] 2 R (A
SCHUR 975 W) B B/ ME

VEEAE N i R AR, A G A T, 8 18 ZE B 0, B 3 18 A X T 3 38 48 o0 0, SR FH 25K 10 28 40 07 i M i o
A. B S5 RUEAS A 88 SE R E B E R 0, SR T 05 R R A R R, B MR R 38 ] Y A B
JEE BORS BE A5 SR an 18] 12 s o I 3X4s SR e B, AE AH X B B 5 O B, 38 38 [B] 42 Ao E A 32 R 670.7 ps, B R 9.044 ps,
/NT A RAE 1 ns,

S 2 S SR Py il & AU, R 2D fi {5 S 38 1 $ B TIE WE U E 64.047 ps, fai 38 38 A X ZE B R 0 B,
e T (] SiE i 5 B2 Ol 670.7 ps, L JHAT/N T 5 ns, SE IS 3 B A AT K 20 ns, FE B JE L 0~ 0.22 s, bk 98 18 15 5 F
0~0.22s, Wi BT, [R5 fish % 15 5 i Hh AR 0.05 Hz~200 kHz, K45 R 2 B0t oK o

5 4 g

ARICSERL T 300 MeV it 5 B i &% B2 TE AR E N RGBT TR I IE TAE, G 4F Rt L
M2 BT BT Verilog i 5 M RGN RAMFBCT L 56T TCP/IP BRI - o 7 4% 1 1OC 8 15 19 T e S A T
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Fig. 12 Jitter test chart between channels A-B in internal trigger mode
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