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Abstract

A fully automated
synchrotron light AURORA, 1s an essen 3 %
demand for an industrial use. AURORA 1is primarily
developed as a light source for VLEI production. The
standby processes, tuning and ati of  the
system, injection and acceleration, faul:

operation of the compact

source,

optini

diagnostics
and fault trend analysis are the required furctions to
be automated.
system and most of the coperations are now
from the congole. The
standby, injection, acceleration are carried out

Je have completed the computer control

cerried out
such

central operation

auato

matically. In this paper we @also present some expe-

riences of the automatic tuning of the s
vlarly of the 'njector
tically in the way to

beam current and to feed back to magretic

em, part
microtron
refereace

microtron. The

optimized auto

troduction

The control system of AURURA must be us

not
only for the cevelopment of such a new accelerator, but

also for the routine operatl the at a
semi-conductor facrory. Thus the <conTrol L

meet two diffevent functions., One is  that svstem

can be operated flexibly under v y
the developmen: and the oth
operated fully automatically for users unfa:
acce.erators. The svstem has
a philosophy that it can be operaved not only manually,
but also automatically in

ar with

been deveioped under such

irste

sequence. [1] For

1on and  acceleration

& complex sequence for beaw injec:
can be executed in a single sequence dy using &

developed interpreter. 2]

newly

7. Swvstenm configuration of AURORA

tem AURORA
injector and

The synchrotron source sy

consists of a racetrack microtron{3] as
a superconducting electron storage rirg.[4][3]
crons are accelerated up to 150 MeV with the microtron

Elec-

and then injected to the storage The bean s
boosted up teo 630 MeV and stored.
2.

The microtron consists of a 120-keV injectiorn

systen, lirac, two 180° bending magners (main nagnets)
with reverse-field magnets andé beam focusing elements.
The in‘ection system consi
{ &
and two bunchers located on upstream &

of an electron

gun, three rf componer single~gap cavi

.
d downstream of

the single-gap }, a chicarne magnet and several focusing
elements. Flectrons emitted from the electron gun &t an
energy of 20 keV are accelerated up to 120 keV by the
single-gap cavity.

The acceleraring condition prier to the linac
is determined by phas : powers of the
three rf compcnents. The chicane magnet bends the 120-
keV electrons 45" with

es and

upplied

regard te  the injection

line. The focusing elements are five sclenoid
four X-Y steerirg magnets and two pairs of
magnets. Tunirg these

the electrons are guided to an opiimum trajeciory.

magnebs,
quadrupole
various combinatior

Lements at

The electrons are accelerated by the linac at ar
energy gain of 6 MeV per lap and are circulated by the
two main magnets. Focusing elements are located between
cthe two main magrets.(Fig.l) 4 palr of quadrupole
magnets are on the linac line and a pair of horizontal
steerers are on each lap {24 pairs) and
steerers cept on the linac

vertical
lire.
elements irn

are on several laps e
It is necessary to these focusing
order to maximize the beam extractoon.

tune
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Fig.l Focusing elemen: and  bea: nitors  installed
betweer: the ma magne the e-rachk
TLCrolrorn,
2. Superconducting electr:
The super-

orage ring consists of only one
condecting weak-focusi th trim colis,

tion devices, a resonance jumper, &nd a

ing cagnet Wit
small
cavity.[4] The main ragnet generates a
wagnetic field, which varies <frowm 1.0 Tesla a

injection to 4.34 Tesla at the storage. The inj
1

P

power 1

system is composed of two magnetic channels, a e

stetic inflector, and a perturbator. The perturbator is

to generate half-integer resonance orbit[&], whose
fielé is superimposed to the field of rhe m weak-

focusing magnet. That Is excited synchronousliy to the
pulsed injection bdeam. The resonance jumper magnet b
been prepared to orevent beam losses ab some
points during ramping process. The rf cavity
on the circular orbit generates an
120 kv,

resona

installed
electric fleld of

3. Hardware Configuration of the Contral systes

The computer control system of AURORA is &

three-layvered hierarchicel architecrure.| top
laver is called Central Intelligence Systen and

the second, Autonon Cortrol System (A

based on Micro VAX II arnd linked by the
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bottom layer is composed of local <controllers called
Universal Device Controllers {(UDC's) distributed over
more than 50 devices, and are Linked to the ACS through
an optical netrwork. The UDC consists of the INTEL 18344
microprocesscr, 48k bytes of PROM, 16k bytes of RAM,
and 80 bits of photo-isolated I/0. Ihe CIS is used for
a data taking through a GP?-IB interface, for an
processing of beam profiles obtained by screen
rors, and telescope systems,[5], as well &5 for
backup system of the ACS.

image-

moni-

4. Software

In tais contrel svstem, the accelerator ele-
ments are classified into four groups by their roles,
and each group is divided into several blocks. These
four groups &re "LINACY, "RTM", "B I" and "RING' as
shown in 1 ) The '"LINaC" for instance,
consists of components of the Blocks in
the above four groups are prepared tce manage d
ividuel devices by the unit of block. But
the "SR _SEGQ" group on the fifrh row is specially added,

group,
_crotron.

operate

is to c¢lassify the injection and acceleration

whick
procedures wnte ¢ifferent stevs,

START/STOP ( Group,Block )

Page 2
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tern:

»5 and blocks displaved on the conscle
nal of ACS

“n this system, each block stays in one of
seven states <distinguished »y the statuses of the
devices as shown in Fig.3. The "Not Ready" stare means
that more than one devices in the block are not ready.
The state becomes to the "Ready", when &ll of the
devices become ready. The "Operation Ready' state means
that all of other block's conditions are a&ll right for
the operetion of this block, These conditions often
depend or the states of other blocks. Checking the
ready ané the operation ready conditions are carried
out by installed tasks. Furthermore, operation proce-

newly developed interpreter
Accelerator)[2]

ren in a

dures are wWric
named OPELA (Operation Language for
Using this language, the folleowing three OPELA se~
quences have been prepared for all above blocks. The
up the devices when the "0a" key
pressed, the "Off"
executed.

"On" sequence starts
is pressed. When the "Off" key is
sequence, which shuts down the cevices, 1is
If a faul: occurs, the "Fault-off" sequence is executed
automatically in order to shut down “he devices immedi-
ately. Checking the fault statuses ave also carried out
bv a installed task.
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Fig.3 States of the Dblock and trensition schemes.
Checkirg the ready conditions, n
conditions, and the faulf statuses are station-

arily performed.

operatio: ready

5. Automated procedure of irjecrion

vion and acceleration procedur

seps a3 shown in Fig.a. In the

The inje

divided into e

step, the malin magnet, the r{ cavity and the trin

are excited for the in‘ection. {We c¢all this
TSTAND-BY".) The second step 1§ prepar
injection. The magnetic channels and the inflecto
lifted up to the injection orbit and excited. And
a power supply of the perturbator is warmed up.
("INJECTION STAND-BY'") In the third step, the resorance
jumper is prepared. ("ACCELERATION STAND-BY") The actu

al injection starts with the fourth step, the pertur-
bator is triggered synchronously bv the beam from the
microtron. ("INJECTION") The last step is acceleration.
The perturbator is stopped. The magnetic channels and
the inflector ere stopped, and are immediately set down
from the injection orbit in order mnot to interfere
synchrotron lights. After that, the main magnet and the
rf cavity are furthermore excited up in order to boost
the electrons up to the energy of 650 MeV.
{"ACCELERATION") Finally the electrons are
the full energy.

These steps are so cowmplicated that they
be executed asutomatically. Therefore, we have
the OPELA sequences to execute these steps. The
metion Key,

ations f

stored at

58
prepared

2s5e sTeps

are now exectred by pressing only one

6. Automatic fruning system for tre microtron

Beam monitors installed irn  the microtron &

e

current transformers (CT}, screen monitors, and an SR
light monitor.[7] Current transformers &sre allocated on
the major beam lines of the order o
measure bean non-destructively and  simul
taneously. The ouzput signal of the CT is monitored and
stored by a digital whickh
with CIS thorough a GP-IB interface.

nicrotron in
currents

oscilloscope connected
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Fig.4 Injection and accel.eration procedures.

An optimization process of the focusing mag-
nets and the rf components is so complicated that we
have developed arn autong tuning system of the
horizonta. steerers of -he microtren. Fig.5 shows a

schematic diagraw ol this systen. Because the extracted
current varies with the rf conditions, we have chosen a

reference tco

transmissicn rate between two CI's as &

oprimize the strengths of the steerers. Tae opti-
mization is accomplished by tuning & pair of steerers
simultaneously which 1is Tlocated on  the same

Current trensformers are installed on the 2nd, 3rd,
S5th, -0tk, 15%h, 19th and 24th laps. In order to obtair
the transmission rate, output signals of the s are
stored in the oscilloscope, and are processed by the
CIS rhrough the GP-IB. Then, values of the steerers ¢
h othe Bthernat and are latch

£

-
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ed

passed to the ACS throu
to the UDC by the optical network.
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Fig.5 Schematic diagram of the automaric tuning system.
Two CT's are monitored arnd strengths of a palir of
steevers are changed simultaneously.
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7. Summary

The AURORA systewm has been operated
matically, using the interpreter, OPELA. The injec-
tion and acceleration procedures are performed by
pressing only one key. The automatic tuning system for
the microtron has been developed using the CT monitors.
These automations reduced loads for operators signifi-
cantly, as it is required for &n industrial use.

auto-
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