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A system of remote control of negative ions source for LINAC INR RAS designed, constructed and put into op-
eration. Galvanic isolation and spatial separation of elements that are at potential 400 kV in the power rack of the
ion source and the host computer are carried out by means of fiber-optic extender USB-interface from firms Icron. A
set of multifunctional units from National Instruments allows to monitor the oscilloscope signal with up to 50 Ms/s

and to control the ions source power settings.
PACS: 07.77.Ka, 41.75.Cn.

INTRODUCTION

Negative ions injector for INR LINAC is based on
the accelerating tube at energy of 400 keV [1]. In this
scheme, an ions source with its power supply system is
located under pulsed potential of 400 kV. lons source is
a surface-plasma source developed at INP SB RAS
(Novosibirsk) [2]. In this source the increase of the neg-
ative ions yield achieved by reducing the work function
of the electrodes by deposition on its surface the layer
of alkali metal (cesium).

A characteristic feature of the source is the presence
of several modes, which have different discharge volt-
age, discharge current and the output of negative ions.
"Pure hydrogen" mode of operation is characterized by
high discharge voltage 400...600 V and low discharge
currents 1...10 A. The appearance in the discharge of
cesium vapor causes decrease in discharge voltage (to
100 V — "low-voltage operation') and increase in the
discharge current up to ~ 100 A. Furthermore, in the
discharge gap may develop arcs with very low dis-
charge voltage ~ 20...40 V and high current. Arcs can
lead to significant erosion of the electrodes and are
characterized by the absence of negative ions current at
the output of the source.

Extraction of the negative ions from the plasma of a
gas discharge occurs through the emission hole in the
anode by apposition of extracting voltage with ampli-
tude of 16...20 kV to the extracting gap with size of
about 1.5 mm. Breakdowns in this gap can cause in-
creased erosion of the electrodes and are also character-
ized by lack of output current of negative ions. Such
breakdowns occur with the source electrodes training
and during normal operation of the source.

The transition from "high-voltage" discharge mode in
the "low-voltage" mode can occur quite quickly. The
change in the discharge voltage is an indication of the
emergence of cesium in discharge and is usually accom-
panied by a change in the intensity of H-minus beam.

This rather complex behavior of the discharge and the
dependence of the negative ions yield from the history
of the source, cause the urgent need for a reliable de-
tailed control of key parameters of the source, which
works with a pulse repetition rate up to 50 Hz. To do
this, the operator is required to monitor the pulse wave-
forms of discharge current and discharge voltage, ex-
tracting voltage, extracted current of the H-minus ions
and others, as well as to control a variety of continuous
signals.

ISSN 1562-6016. BAHT. 2013. N26(88)

The use of the ions source in the injector of LINAC
requires some additional conditions on the control sys-
tem. In particular, it should be possible to integrate it
into the control system of the linear accelerator and to
choose the different places for the entrance to the
source control system, including from the main control
room of the LINAC.

1. STRUCTURE OF THE CONTROL
SYSTEM

The control system is based on the connection of
multi-function ADC / DAC units to the host computer
via the USB-interface. The control system includes
multi-function ADC / DAC units, digital oscilloscope
unit, the control computer and fiber-optic isolator of the
USB-interface. Block — diagram of the control system is
shown at Fig. 1.

To register "fast" analog signals used multi-function
ADC / DAC unit NI USB 6363. It has ADC resolution
— 16 bits, data transfer rate — 1 Ms /s in multi channel
mode or 2 Ms/s in single channel mode. The maximum
error at the full input voltage of 10 V is 1.6 mV. Number
of analog outputs — 4, DAC resolution — 16 bits. The
maximum output update rate is 1.25 Ms/s. The maximum
error at full output voltage of 10 V is 2 mV [3].

To register a "slow" analog signals, we used multi-
function ADC / DAC unit NI USB 6009. It has data
transfer rate 48 Ks /s and 14-bits resolution ADC [3].

As a digital oscilloscope we wused a unit
NI USB 5132 with data transfer rate 50 Ms/s and a
number of channels — 2 [3].

2. FIBER OPTIC ISOLATION

For communication between the host computer,
which is located on the control panel of the ion source,
with multi-functional units and a digital oscilloscope,
which are under the pulse potential of 400 kV, optical
fiber system — extension of the USB-interface Ranger
2224, produced by Icron has been chosen.

This system allowed galvanically isolate and spatial-
ly spread at considerable distance (about 80 m) equip-
ment of control system and host computer of the ion
source operator. In this case, retains all the advantages
of working with devices via USB-interface. The system
provides a connection in the USB 2.0 standard at
480 MBY/s, which allows you to connect a digital 2-
channel oscilloscope with a bandwidth of up to 50 Msf/s,
and the required set of ADCs and DACs.

53



LIMNEAR
scCELERATOR @ Z[—m——— — — — — — — — — — — — — —
CONTROL I— —I
ITYITEM | |
NET"‘:"DRK | Toigrad P |
4 L | u Eﬁﬁ;lllnsmpe |
| Feam |
PC | curtet |
transformet]
| 100 4 |
| AIC Elzchurge % Cothode |
power
—_ | R |
g — T
I [= Extroctar L = K}‘I_.I"Efxtr*uEtnr* I
pawer supply
FIEER-OFTIC I DL  Grourd I
UZB-IMTERFACE REMOTE [ . |
EXTENSION | mLock s Focugng .os clsctrode I
R&MGER 2224 | oOFTO- o power supply _ |
| FIBER oo |
m DECOUPLING —— Hoaret |
L LR =
“ e e—p——— =SS a T
| i Go= wolwe I Eg'-s"l' |
Loce. | el |
BLOCK
ST o | i e=lur Renter B Ezglﬂ'ﬁ’" B |
e | ] o
| 0L |
: ] :
| I
- J

Fig. 1. The block diagram of the remote control system of negative ions source

3. PROGRAMMING

The data acquisition devices programming per-
formed in a graphical environment LabView (2010 ver-
sion).

Digital oscilloscope NI USB 5132 and "fast" ADC
/DAC NI USB 6363 are synchronized by external trig-
gering at 50 Hz from power system of the ion source,
the "slow" ADC / DAC NI USB 6009 is synchronized
by the internal clock frequency of 2 Hz. The front panel
of digital oscilloscope is a standard from the device
software NI USB 5132. The front panel of "fast” ADC /
DAC NI USB 6363 is formed by a graphical display
that simulates an oscilloscope (WaveformGraph), a
graphical output that simulates recorder (Waveform-
Chart), digital controllers and indicators. The front pan-
el of the "slow" ADC / DAC NI USB 6009 is formed
from a graphical output that simulates recorder (Wave-
formChart), digital controllers and indicators.

The screen of the control computer with front panels
of the NI USB 6363, NI USB 6009, NI USB 5132 is
shown at Fig. 2.

The graphical display of NI USB 6363 front panel
(the screen of a "fast" ADC) shows the signals of ex-
tracting voltage (green trace of 2 kV/div), the discharge
current (purple trace, 10 A/div), the voltage of forming
line (white trace, 200 V/division), discharge voltage
(blue trace, 200 V/div). For all traces horizontal scale -
200 ps/division, the ADC measurement period - 2 mi-
croseconds. At the graphical display that simulates re-
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corder (logging parameters Up, Ip, Ufl) are displayed
averaged in each pulse signals of the discharge voltage
(upper trace), the discharge current (low trace), the
charging voltage of forming line (lower trace) in a
2-time minutes per division, which corresponds to 6000
source pulses per division.

The front panel of multi-function unit NI USB 6009
(the screen of the "slow" ADC) shows the voltage sig-
nals on the cesium heater (blue trace), the voltage on the
power supply of the gas valve (green trace), the signal
from the linear output of the vacuum gauge (white
trace) and the current signal of the source electromagnet
(red trace). The scale along the horizontal axis is 1 hour
per division.

The front panel of the NI USB 5132 shows the sig-
nals from beam current transformer (upper trace), and
the discharge voltage (low trace). Horizontal scale has
100 ps per division. A more detailed picture of the beam
current pulse amplitude of 25 mA and discharge voltage
amplitude of about 150 V on the front panel of a digital
oscilloscope NI USB 5132 are shown at Fig. 3. Standard
software LabView (2010 version) allows for on-line
processing of the data and graphically display the results
on the screen. Fig. 4 shows an example of the current
processing of averaged values of the beam current in the
form of a histogram of distribution of the intensity val-
ues of the beam current for the recent 100 pulses of ion
source.
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Fig. 3. Digital oscilloscope screen. The upper trace - beam current of H-(10 mA/div vertically).
The lower trace — discharge voltage (100 V/div). Horizontal scale — 50 us/div
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cases, source control is carried out using a Remote
Tok myka Desktop server.

12,23 CONCLUSIONS

The remote control system of negative ions source
can adequately control the operating modes of the
0,2544 source, ensuring the completeness of the resulting in-
formation on the control computer screen. The amount
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Fig. 4. Histogram of distribution of the H-beam current presented with a pulse repetition rate of 50 Hz.

values (a percentage of the number of pulses). REFERENCES
Horizontal — H-beam current, mA; . .
vertical — proportion of the number of pulses 1. AS Belov, V.I. Derbilov, S.K. Esm,_ et al. H-
Injector for Moscow Meson Factory Linac // Prob-
4. INTEGRATION IN THE CONTROL lems of Atomic Science and Technology. Series
SYSTEM OF LINAC «Nuclear Physics Investigations» (46). 2006, Ne2,

. . p. 52-54.
The control computer of the ions source is plugged 2. G.I. Dimov, G.E. Derevyankin, V.G. Dudnikov. A

;n thentcrorllt:ﬁl systtrem r;]ettwor::( O]Ir LrLNt'rAw\C.I Th'ls al:}?\r"’sl 100-mA negative hydrogen-ion source for accelera-
O control te source not only trom the focal contro tors // IEEE Trans. Nucl. Sci. 1977, v. 24, p. 1545.

panel, but also with a main control panel Qf LINAC or 3. http://www.ni.com/f/products/2/2177/rul
remote control panel of beam transport line. In these
Article received 16.10.2013

CUCTEMA JJUCTAHIHUOHHOTI'O YITPABJIEHUA NCTOYHUKOM OTPULATEJIBHBIX HOHOB
JUHENHOI'O YCKOPUTEJIA UM PAH

O.M. Bonookesuu, B.H. 3ybeu, FO.B. Kucenee, B.C. Knénog

Pa3paboTana, M3roToBieHa M BBeACHAa B pabOTy CHCTeMa AMCTAHIMOHHOTO YIPaBJICHUS HUCTOYHHMKA OTPHIIA-
tenpHBIX MOHOB JIY VAU PAH. I'anpBanudeckass M MpOCTPAHCTBEHHAs pa3BsA3Ka 3JIEMEHTOB, HAXOMSIIMXCS IOJ
noteHnuanoM 400 kB B cTolike muTaHUS HOHHOTO HCTOYHMKA M YIIPABIISAIOMIET0 KOMIIBIOTEpA, OCYILECTBIIEHA C 1O~
MOIIBIO BOJIOKOHHO-onTHYeckoro ymmHutenst USB-untepdeiica dupmbr Icron. Habop MHOrohyHKIIMOHATBHBIX
6nokoB (upmbr National Instruments Mo3BONSET KOHTPOJIUPOBATH OJHOBPEMEHHO OCIMILIOrpadUuecKue CHIHAJBI
€0 ckopocThio 10 50 Mc/c 1 ynpaBisTh HACTPOMKAMU HCTOUHUKA.

CUCTEMA JIMCTAHIIAHOI'O YIIPABJIHHS J)KEPEJIOM HETATUBHUX IOHIB JITHIHHOT' O
INPUCKOPIOBAYA Il PAH

O.M. Bonookesuu, B.H. 3yoeus, FO.B. Kucenvos, B.C. Knvonos

Po3pobnena, BUTOTOBIIEHA 1 BIIPOBAJPKEHa B POOOTY CHCTEMa MUCTAHIIIIHOTO YIPaBIIHHS JKepeia HeraTUBHUX
ioniB JIY 151/ PAH. TanpBanivuHa i mpocTOpoBa po3B'si3Ka EIEMEHTIB, 10 3HaXonaThes mija norennianom 400 kB y
CTIHIIi JKUBJIEHHS 10HHOTO JDKepelia i Kepylodoro KOMI'ioTepa, 3AiHCHEHa 3a JOMOMOTOI0 BOJOKOHHO-OINTHYHOTO
nmomosxyBada USB-inrepdeticy dipmu Icron. Habip 6aratodyrkiionansaux 6imokis ¢ipmu National Instruments
JI03BOJIsIE KOHTPOJIIOBATU OJJHOYACHO OcHmiIorpadivyHi CUrHa M 31 MBUIKICTIO 10 50 Mc/c i kepyBaTu HacTpoWKaMu
JDKepena.
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