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The synchronization system is based on STM32F407VG and DP83848. The system generates pulses with a fre-
quency of 1 to 600 Hz, a length of up to 2500 ns to synchronize the operation of the klystron modulator, master os-
cillator, source modulator, control equipment of LINAC. The setting of the delay of the synchronization pulses is
adjustable from 0.01 to 20 ps. Synchronization system control is implemented via USB or Ethernet network via
TCP/IP protocol. Implemented a set of applications for the organization of system management and monitoring of

LINAC, compatible with Windows XP/7/10.
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INTRODUCTION

The task was to develop a new synchronizer to ensure
the operation of the new LU-10M LINAC. As a result of
the development, the following hardware and software
complex was created that meets the assigned tasks.

1. SOFTWARE
1.1. SERVER APPLICATION

The server application (Fig. 1) is engaged in storing
and transmitting information and is an intermediary be-
tween the controller and client applications. The server
stores information about the synchronizer settings and
about incoming locks for transmission to all requesting
clients. It has no settings, only a field for outputting de-
bug information and a warning. The application can be
conveniently minimized to the tray, takes up only
~ 10 MB of RAM and does not load the PC too much [1].
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Fig. 1. Server application

1.2. CLIENT APPLICATION
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Fig. 2. Client application
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A client application (Fig. 2) for the operator was de-
veloped to work with the Ethernet network and modi-
fied to retain the ability to work both via USB connec-
tion and via TCP connection. In the first case, alas,
without the dissemination of data to observers. Day and
night themes of the application have been added for
more convenience. The application requests information
about blocking from the server every 100 ms.

1.3. OBSERVER APPLICATION

On the basis of the operator's application developed
earlier, an application for the observers (Fig. 3) was de-
veloped that allows you to receive current information
about the state of the synchronizer: the settings trans-
ferred to it and the received locks. The server also re-
quests information every 100 ms. The observer does not
have the ability to make any corrections to the synchro-
nizer settings.
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Fig. 3. Observer application
1.4. MCU APPLICATION

Using the HAL and LwlIP libraries, the TCP/IP stack
was implemented, a packet exchange protocol with guar-
anteed delivery, since in cases of transferring settings and
/ or data about locks, data corruption is unacceptable. The
microcontroller requests settings from the server every
50 ms, and sends information about incoming locks as
soon as the data transmission channel is released. In order
to preserve equipment and the safety of people, the beam
is disconnected in the event of a blockage being triggered
even before the message is sent to the server and the op-
erator or observers receive information about it. In order
to increase the stability of the connection, as well as iso-
late the microcontroller from garbage network traffic and
unauthorized access, it was decided to separate it into a
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isolated network connected only with the server node,
which, in turn, will be located simultaneously both in an
isolated network and in a common one, allowing keep
lots of connections (Fig. 4).
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Fig. 4. Network schematic

In the launch channel of the source modulator the
function of "shutdown of a beam" at operation of pro-
tective locks is provided. During the adjustment of the
accelerator, the operating delays for the start pulses of
the instrument control unit are set; SMTU; master oscil-
lator. The beam is disconnected: from the UBS system,
the process control system for irradiation programs and
other systems. At the same time the light indication of
the place from where the beam is disconnected works.
After removing the locks, the restoration of the operat-
ing mode is performed by the operator from the com-
puter or from the front panel of the synchronizer. The
choice of frequency of parcels and delays on channels,
and also on/off of a beam is made from the computer.

2. HARDWARE

The synchronizer is developed on the basis of the
STM32F407-Discovery module (Fig. 5), with the fol-
lowing characteristics: Clock frequency 168 MHz,
RAM 192 KB, flash memory 1 MB [2].

To implement the TCP/IP connection, the DP83848
module was used (Fig. 6), which provides microcircuits
with the ability to communicate at the data link level to a
physical transmission medium, for example, to fiber or
twisted pair. Typical interfaces for data exchange between

devices and PHY modules are MIl (Media Independent
Interface) and RMII (Reduced MII), MII requires 8 pins
directly for data transfer and clocking from 25 MHz in
100 Mbps mode or 2.5 MHz in 10 Mbps mode. RMII, in
turn, requires only 4 pins for data transmission, but clock-
ing is required from 50 MHz in 100 Mbps mode and

Fig. 6. DP83848 Module

CONCLUSIONS

The synchronization system is based on the Discov-
ery STM32F407VG module. The system generates
pulses with a frequency from 1 to 594 Hz to synchro-
nize the operation of the klystron modulator, the master
oscillator, the source modulator and the control equip-
ment of the linear electron accelerator. The setting of
the delay pulses of the synchronization pulses is adjust-
able from 0.012 to 20 us. The synchronization system is
designed for the hourly operation program of the accel-
erator LU-10M and ready to use.
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CHUCTEMA CUHXPOHI3AIIII TIPUCKOPIOBAYA EJIEKTPOHIB JIY-10M
B.M. bopuckin, B.O. Momom, B.B. Yypikos, B.1. Conooosnikos, €.1. 3aiiyes
Cucrtema cuHXpoOHi3amii po3poOiieHa Ha ocHOBI STM32F407VG ta DP83848. Cucrema ¢dopmye iMmmysscu
gacToToro Bix 1 70 600 I'y, moBxkuHOWO 10 2500 HC A CHHXPOHI3AIlil poOOTH MOAYISATOPA KIICTPOHA, 33/Ial0IIOTO
TeHepaTopa, MOIYJsATOpa JKepena, KOHTpoibHOI anapatypu JIIIE. YcraHoBKka 3aTpUMKH IMITYJIbCIB CHHXPOHi3aIii
perymoetbes Big 0,01 mo 20 mxc. KepyBaHHS cHCTeMOIO CHHXpOHi3amii peanizoBaHo 3a momomororo USB a6o
Ethernet-mepexi 3a nporokosom TCP/IP. PeanizoBanuii KOMIIEKC AOJATKIB AJs OpraHizalii KepyBaHHS CHCTEMOIO
Ta crnoctepexenHs 3a podoroto JIIIE, cymicanii 3 OC Windows XP/7/10.
CUCTEMA CUHXPOHU3ALIMU YCKOPUTEJISA DJEKTPOHOB JIY-10M
B.H. bopuckun, B.A. Momom, B.B. Uypukoe, B.U. Conodoenuxos, E.HU. 3aiiyee
Cucrema cmHXpoHM3auH paspadorana Ha ocHoBe STM32F407VG u DP83848. Cucrema hopMupyeT UMITyIIb-
cel wactortoit ot 1 1o 600 ', mrHOM 10 2500 HC A CHHXPOHU3AIMH Pa0OThI MOIYJISTOPA KIUCTPOHA, 33 JAF0IIETO
reHepaTopa, MOJYJISITOpPAa HCTOYHUKA, KOHTPOJIBLHOU armapartypsl JIYD. YcTaHoBKa 3a/1epKKH UMITYJIbCOB CHHXPO-
Huzanuu perynupyercs ot 0,01 o 20 Mkc. YnpaBieHue cuCTEMOI CHHXPOHU3ALUH pealn30BaHo ¢ nomoiuiso USB
wn Ethernet-cetn no nporoxoixy TCP/IP. Peann3oBan KoMIUIeKC PHIIOKEHUH ISl OPraHU3AIMN yIIPABICHUS CHC-
TeMoU 1 HaOIroAeHus 3a padotoit JIVD, coBmectumerii ¢ OC Windows XP/7/10.
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