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Figure 1. Injection layout The software developed for the injection control system consists of:

* The controller firmware including C program for the Atmel AVR microcontroller and
VHDL code for the Altera CPLD — client Modbus protocol implementation, interlocks
handling and digital sighal generation with 10 ns accuracy up to 1000s duration.

* Tango device servers implementing fieldbus communication protocols Modbus/RTU
and Profibus.

A Tango device server to control the EVPU PS140-8S power supply (utilizing Profibus
Tango device) — setting and controlling the superconducting septum magnet current
with slow increase and decrease and error processing.

« A Tango device server to communicate with the intelligent controller (utilizing
Modbus Tango device) — obtaining and resetting alarms, adjusting the signals delays
according to the accelerating cycle duration.

* Tango device servers to operate NI acquisition devices based on the NI-DAQmMx
drivers — analog input and output, digital input and output, time measurements and

pulse generation using counters.

40kV ) | e Tango device servers to control NI digitizers using the NI-SCOPE drivers -

~12 sec multichannel acquisition with desired sampling frequency and number of samples.

 Tango device servers to control NI digital multimeters using the NI-DMM drivers —
static voltage and current measurements with high accuracy.

* High-level Tango device servers implementing injection control algorithm and beam

The superconducting septum magnet is supplied by the direct current power
supply EVPU PS140-8S and permanently deflects heavy ion beam in the vertical
plane.

The electrostatic kicker is working in cycle:

e HV power supply Spellman SL60P300 apply 40kV between the electrostatic
plates before injection;

e After injection, right before the beam completes its first turn (duration is about
8 us) the power supply is immediately and the thyratron of TGI1-2500/50 type
is switched on in the short period of time. A special circuit keeps thyratron fired
during acceleration cycle to decrease voltage between plates.

* When the cycle of acceleration is completed the thyratron is turned off.

* The control signals timing can be adjusted with 10 ns accuracy by using 32-bit
counters clocked with 100 MHz signal.
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